T FHEE

11-1543000-000975-01

—_

aA M= & 2AZF #5871 & 58 HOoE et
E:
=

The development of electronic nose system for realtime
on-site flavor quality evaluation for the manufacturing and
process control of Kimchi
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SUMMARY

[ . Title

The development of electronic nose system for realtime on-site flavor quality evaluation for
the manufacturing and process control of Kimchi

II. Goal

The goal of the 1st year was to draw a concept of Batch-type reactor production and
sensor module, which was accomplished 100%. The goal of the Ist and 2nd year was to
measure food’s organic function, to make up a plan of electronic nose performance
evaluation, to select individual sensor module and to evaluate its performance, to design
electronic nose’s sensor module and algorism, and lastly to optimize pre-treatment method of
Kimchi sample and to select taste indicator, which was accomplished 100%.

As for the 2nd year goal, “to produce electronic nose system and to evaluate its
performance” , we have completed producing 10-types of sensor modules attached to
electronic nose system, and evaluated its performance, meaning achieving 100 % of the 2™
year target. On-site test-bed for the electronic nose system has been carried out, and with
its results, the electronic nose has been optimized and commercialized, achieving 100% of the
2" year target.

lll. Purpose and Necessity

Kimchi, the most famous fermented food in Korea, whose making process such as
seasoning, main ingredient and ripening has been kept confidential so far. However it is
essential to perform quality and sensory test of end product, and to control fermentation at
the same process. Sensory test is highly recommended since the taste and smell of Kimchi
are largely influenced by the quality of seasoning and aekjeot, and ripening process.

With Korea’ s traditional fermented food market expanding globally, various kinds of foods
including Kimchi have been mass-produced and broadly distributed throughout the world.
What is more, as inspection standard for each ingredient was officially legalized, food



resources can be distributed to customers safe and sound. According to KFDA’ s guidelines,
tests for ingredients and micro-organism have been well underway, however, sensory test for
taste and smell only depends on inspector’ s sense of taste and smell.

Results of sensory test tend to be unstable and significantly affected by inspector’ s
biorhythm or condition. Clear deviation between experimental groups appears even with the
same samples, and achieving test results requires considerable amount of time. Therefore,
Electronic nose is designed in a way that creates and applies automatic monitoring system
responsive to abnormal fermentation. This system consistently controls everything from
material experiment to process monitoring by the development of a facility for real-time
sensory test.

IV. Contents and Scope

Main research conducted by the managing institution is to develop automated electronic
nose monitoring system that can substitute sensory test during Kimchi production. It also
selects the optimal gas sensor by evaluating the performance of individual sensor module, and
develops data processing algorithm based on on-site monitoring in order to construct a system
capable of process management. In the 1% year of the research project, we selected the
optimal sensor based on the result of performance test of individual sensor modules, and
designed a sensor array module prototype that distinguishes smell pattern, thereby building up
database regarding smell pattern interpretation and implementing data processing algorithm. In
the 2" year, as electronic nose system was developed, the prototype became produced, which
in turn led to its commercialization and optimization based on regular performance test.

Other collaborating institutions carried out performance test for the optimization of process
control during Kimchi production in the 1% year and the 2™ year. Through the comparative
experiment, the newly-produced electronic nose system proved efficient compared to other
analysis equipments. The comparative experiment aimed at each manufacturing method was
carried out with selected Kimchi sample. In the 2™ year, process control technology was
brought to light based on application test, and electronic nose system was applied on site,
proving efficient in its developed technology.

The managing institution and other collaborating companies fulfilled its duty to draw a
research results through mutual cooperation. The managing institution mainly focused on
developing a system, and the collaborating companies devoted themselves to carry out onsite
application test for the newly-produced system the institution has created.



V. Research Results

Electronic nose was developed in a way that arrayed 10 types of gas sensors that can
distinguish traits of Kimchi ingredient smells, thus achieving less than 3% of the accuracy.
Algorithms such as PCA, SQC, and PLC was formulated in order to interpret detailed smell
patterns, and later applied on site. Database regarding pattern analysis has been built up with
5 companie’ s goods ranging from cabbage kimchi and chonggak kimchi, and to minor
ingredients - salted shrimp, fermented anchovy sauce, salted shrimp, garlic, and ginger.
WCDMA was introduced to transmit data from electronic nose to server, and it turns out its
transmission rate reaches to 100%.

For Kimchi’ s quality control, quality indicators was set up by each pre-processing method.
SPME, a liquid method, and Dynamic Headspace were utilized as pre-processing method, and
analysed the degree of ripening based on each storage temperature of cabbage kimchi and
chonggak kimchi. SPME used GC/MS, and Dynamic Headspace, electronic nose. These methods
have selected, as a quality indicator, a material that is detected as fermentation periods goes
by. As for SPME, it is founded for each storage temperature that certain compounds increase
during optimum maturity. Other compounds does not show specific tendency or increase as
fermentation period goes by. Dynamic headspace proved that a pattern of volatile odor
component was cleary distinguished as fermentation period goes by, making it possible to
decide a right time for high-quality kimchi fermentation.

Physicochemical characteristic such as Ph, acidity and salinity, reducing sugar was analysed
to determine Kimchi’ s optimum maturity. When fermentation process is on its way, the
values of PH and acidity have changed before and after optimum maturity, however, salinity
and reducing sugar does not show clear relevance to optimum maturity. Therefore, PH and
acidity can serve as adequate indicators that can determine optimum maturity of cabbage
kimchi and chonggak kimchi.

Quality control system for each manufacturing process was established through test-bed at
Kimchi plant. Since Kimchi’ s odor components are subject to change depending on salt,
ingredients in course of manufacture, as well as fermentation during optimum maturity,
seasoning process and fermentation process are considered important in electronic nose
measurement. Therefore, quality control system was designed in a way that applies electronic
nose system that can measure the process of salting, fermentation, and seasoning in real
time. and it posts results on its website to let engineers check out the condition of food and
to grasp patten analysis.



VI. Application plan

We had completed developing the electronic nose system by using individual sensor module
that can distinguish smell patterns, and had commercialized it for two companies within
research project period. We are planning to finish up the development of the electronic nose
system technologies through onsite experiment, and to expand commercialization.

We had completed applying for a patent on this smell sensor technology and will continue
to make an effort to obtain a patent on our technology. What is more, we will try to boost
the availability of the data processing algorithm technology by applying it to other sensors.

We had reported the development process of the electronic nose system and the results of

performance evaluation to the academic conference in Korea, and are planning to enhance
the technology by applying it to food and environmental samples.
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AAZE AS T T2k A2l FetE st EdF e WE AsS dEst
atol AFste AE 14 As AT E2A AR TR Az2ES mud dEds &
ZEolE o] g3 FuS zhEsle AR A o|tH”. MAAE headspace ¢Fo Foll kg
e Yo AAES EFe= A7 S 7122 T Jon, ANEL 89 45F8S
dorA EFH H¢S BHoZoaN H%d F 7t ARE HEY HHS RAFT T2
FS 717 ABE AR OE g6 Bzt & AAIE AR Wgete] B4 WS 1

Fed o wge AR HHS WYET F e fingerprintzt & F AP olFF

A ARE BEste] BEA G oy ALEH

fingerprint= ThFg AA S HEZHE doixl
+ AlA+= conducting polymers(CP), metal oxide semiconductors field effect transistor,
(MOFET), quartz crystal microbalance(QCM), metal oxide sensor(MOS), bulk acoustic wave,
surface acoustic wave s°| o™, 671, 1271, 187 To= Z}Z}e] HAof gtio] =g, Hjd
oA zb ] JE} ukgatA Bt P,

B Aol FgstuAsts 2N E Ade) F4 2N A e 4218 uis 2
of WEAY, AEALA, A7HEA 8 goles AP § 2HA Wb GeA 2
Aoy hers 2ol EFHIYE ANEAL 98] B8 AN 1252 Adste AL 3
10 4= BE SHEAS SR FP0] $EH o Fo) f5 NGO, AX Y HE
B4 g h2Ae FE3t B4 ge BA AFels APEA Q. olo] B Ao o
FF FFY AAE HBe] PN SHEC] BE AN WIAE W FHREH E 7
e Fakel WA H4TY WE AA weHe MY} HAck Axmel BAD ol
2R 9 AESS EUR WEAY MM, 47188 A4, Fol 23 AME 2@dte] 4E A
A2E Ae A 4¥e AT
2. 5% ool MEAL AA, 3F ol W73 ANE B Gl A4 B4 73

MOS| %% Hele oA A8E WA ERA o] Fo Z3E 4d 0} O,
0y o FEl= B3 FHAHAUA AAE VEAZRE T WobA] MM AZgho

FASTIL COk HCsh 2o 894 7h2rh wsal E9 gleld O, 0, s whg
Mol HER FAM AY gol FaE S ol§d Roln®. MOS MAE 70997447k

1
o
rfo

r (0]
ol
M
!
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Aol
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el
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o] d&ol AlAol Bt

& 7hag®
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ol

7FAA Th2e

[~1-2pm

Sir-" -~ 1=-1.5 mm Si I""‘m'l-ﬁ‘i

=
=
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Foha g2 glom, Hh=A|

J]

Metal oxide film
Sensing electrodes

Side view

._‘-.

._"-.

714 ] wstol| wet

3L

o
(Si oxide or nitride)

Thermometer

Heater resistor
resistor

Insulating layer
r nitride)

O

9

=
5

> 1

=317

=

=
12 7b2AlM Boh Aol B

A

g]
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T
=
-

melal oxide flm

L SR

Sensing material
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YebH 7]
Top view

A A7 "ol A A
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o
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=
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SEE
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o W55

i

70
Jvmo
wjr

1l

=

ks

A 7 ol A
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co

o
Capttary Difimion Borer || Sy i
Lo, ‘f\’ o oo mersbran :'u'."qi':-‘ EN s
Working Electrode . - tEC4-1000H: CSE‘
C0 & Hyll €0, + 2"+ 20 'H = Workdrg Flecirade COEN SENSCR ey qin
Counlar Elecliode W | Fi———— “CsEWO000: M Dioiipe j-
20,5 3 225 S0 —-_‘-—-nm-:m-m | -:c:.;Emul‘
{ T Hetrote =i
1
\ N
Shewe?”
Sensing: CO + H,0 2 CO,; + 2H" + 2¢e i
Counter: %20, + 2H* + 26 2 H,0
And the overall reaction is: CO + 120, 9 CO,
a9 3.2, A7)k AlA
o ol AA
Fol23t =4 2N s JtazrrtEORZE HE7]9 stull FAE3 HAE7E 9l
3 Th2AA Ao r A w1t E EYE N A9 ko] AlAolW LampE ©]&
gl et EFFe AAEG o] Aw, Aert st AHe 7HAL Ao LA #7
3gtE A4 dd ol&Ha A FAHSAA = AR T #fUIedY o3 xddo] =
AR 7Rl o] oY A(eVET A& W fr]ES AARE HEste olkstHE A4S A=
jolth, A% MEA MM, AN, ol LB MM EHL E 31 of acsty

=

» — Gas Molecules

Ted . " Signal i
o i +
Insulation f@ i g: Y

Electrode

Windomw —T
Electrode Plate
\/< for Lamp llumination

R )

€ maw
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A= 4 =73 o7t
. w7tE, pxF=E | LPG, ING, =4
Sapsge] spoagp| T Lon TEARGE )
MOS 4 Az Ar] dze |l oo =A% A7IE | ks CO LA
GEashs WA | oo gy | A . NHs,  HS,
il or— ©«
. stz dEd ws vocs, v B
shap g A shae]
o A = 7 =
anmay N RIS A 02 N HS,
7, Ao WHE AP =
Ashe o
Ao 2A ofel | Eqsloo] MEdos | WEE waes
PID faBAe] FAE F B s eeT T
_ = = O =] [e) J S 1S
@oles wa) |4 me aeges| Loool PP E THE FUL
A3 9a AR Aol 7k 1A 7} 2=

3. AM g A

P} BEINLE |87 WY A

kd

EF7I2E o] 835k &Fn| ZAAA 9] vbgA & ERI5HY] g Hoe R
ControllerE o] &

& gl

<Sensor Module>

I8 3.4 RF3AEE 2AE



(D Jr=A 2] 7F2=Al A

ditHom WAL Tt2AME A, WA B AlAZEe] Aol AojE o] FHE o
ole] AFAR] BIPE oE 2 AR dHA oy, FAV|R] Efsta s 537Iee
&t LY T Ao tiFd ABAS HIF sk 19 3500 ARE AA Fx B4
= W

Sensitivity Characteristics:
10

: Carbon monoxide

RstRo

....... 1+ Iso-butane
i Z Ethanol

01 i Hydrogen

oy biaiil L S AUEEE 13 ioHy
Gas Concentration (oom)

a9 35 AMTE EA

B 2Eo| AMEH AlAE g8 Fil AFo2 QoA tdsiA &85 o, A4
4 B G A= st A7 FrHEOEE 79 AHgo] HA ¥ dF dTEERE BE
17837] == 7tavE FE7] Wil Z&E FH Vs or &8

BEAY bz e WEel AW 4§ bsde stetaly] Astel 9%Re] 247 o
2 WEA Y AAAAE GAST BE7bs OE e Aol sty 918 3 F s
of e 712EAS AsATh FF/hs 35 Bk ARZA AA] WAL B
BEG 5 glou), MEAY i 544 94 FEelde] Mg Fuslojop it
G FHHos ARHD Y OgF FR ANE B W ¥ AN Zzag /Y
& 5% Hu4 94 Fusbss

HaEe ASE AAE BEE FUAES AL F9F NS Test stk 1
gate] AAzel 2 §3k7]2 ATk FelA WA 2
ES o] Baste] FHol Fi ATAE W WSEE,
5BEE SO BAZ B AANAE Astdth HAEAR Mol FrE WA A
65(TGS 2600, TGS 2620, GSBT 11, TGS 816, TGS 826, TGS 823)= A e)3s} %t}

=

_‘|5_



& 2o Anle7he FLT TR AAME ez HVHE JAFsa, F
U FERAE ol AAE s FAE AddYY e TIeew B3rkE A

T AFEY 5 AAEE Holal St

uuuuu

sensor signal
-

o 0.5 1 15 2 15

w
L
n
I
I
n

odor intensity

oK 141 eEX| 142 X 1#3 eNF| 281 eXX| 282 XX 243

g} EEAAT 6% ol Uehgo
EP QATHGE 3.2).

i) =
o
i
)

A1 A=A 2 A
Odor intensity #1 #2 #3 #1 #2 #3 AVG SD | %RSD
0 8.20 7.60 8.20 8.00 8.90 8.80 8.288 | 0.492 6%
0 8.80 8.00 9.20 7.80 8.60 8.80 8.533 | 0.532 6%
0 8.30 7.40 8.10 8.00 8.80 8.70 8.217 | 0.512 6%
1 50.10 49.10 49.70 46.60 52.20 52.90 50.100 | 2.265 5%
1 50.90 49.70 49.80 46.90 52.60 53.10 50.500 | 2.255 4%
1 50.50 49.70 50.10 46.90 53.10 53.80 50.683 | 2.498 5%
2 104.40 | 104.30 | 103.50 99.60 | 109.00 | 108.40 | 104.867 | 3.456 3%
2 103.40 | 102.90 | 102.70 99.20 | 108.00 | 108.20 | 104.067 | 3.462 3%
2 102.00 | 101.60 | 102.00 99.00 | 108.40 | 108.10 | 103.517 | 3.835 4%
3 142.30 | 142.60 | 141.40 | 140.10 | 150.30 | 149.80 | 144.417 | 4.452 3%
3 141.00 | 140.90 | 140.70 | 139.00 | 149.50 | 148.80 | 143.317 | 4.582 3%
3 139.20 | 139.00 | 138.30 | 136.90 | 147.10 | 146.80 | 141.217 | 4.515 3%
4 176.00 | 176.80 | 174.70 | 174.00 | 184.10 | 183.30 | 178.150 | 4.416 2%
4 174.20 | 174.70 | 173.70 | 171.40 | 182.40 | 182.10 | 176.417 | 4.659 3%
4 172.60 | 173.00 | 171.50 | 170.80 | 181.20 | 180.60 174.950 | 4.678 3%
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BNk AFo® Al U7 AFOR FE/F2C I A
A3tk A7)sets] taAAE dF Aol den, 3t
et 30% A= AHEE 7HE & ATHE 3.

Test Gas Used H2S Concentration % Cross Sensitivity
Euwafe tﬂoi) )
100
<3%

<-30%
0
<4%

3 3.7 A7EEka] A e 7HA A

Z7FA17]1aL 1ppm~5ppm 7}A]
FZ7 20l 9J& calibration &%
3 AnE FAFYHE 3.3).

Z 2712~ 5= O~lppm 7FAE 0.2ppm T &
=1 Z4< gt 34 del 4 AAEL 3
on ¥E-%50 YA FWEFEAR 2% o] w9 $F

3 33 w50 wE A7l vk Al

Conc. HoS #1 HoS #2 HoS #3 AVG. S.D. %RSD
0.000 0.000 0.000 0.000 0.000 0.000 0%
0.214 0.213 0.207 0.207 0.209 0.004 2%
0.429 0.444 0.436 0.430 0.436 0.007 2%
0.643 0.674 0.667 0.664 0.669 0.005 1%
0.858 0.889 0.890 0.890 0.890 0.000 0%
1.072 1.099 1.099 1.102 1.100 0.002 0%
1.072 1.080 1.079 1.082 1.080 0.001 0%
2.144 2.114 2.134 2.142 2.130 0.015 1%
3.216 3.166 3.204 3.219 3.196 0.027 1%
4.288 4.274 4.327 4.344 4.315 0.037 1%
5.360 5.395 5.323 5.297 5.338 0.051 1%
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713}8t2] MM el B2~E A NH; 3E 100, NE-HS-50, Alc/M-1002 Agstgiomn, 71X
J3l e AMA o] WA FRE Qste] SAFH W}E o] S FAT

e frIstebEdd & WheAS Hols o3t ASHAME = MY AFo=
10.6eV LampE Arg3tal itk Fole3t AFAMAE olaRdd 7taEs BEFV/FAE AFES
A3, FF7F29 5= 0~lppm 7HAE= 0.2ppm ]
49z SAHS 13 3’3}"13_’, Z"éolﬁoﬂ zk "ﬁl/ﬂ%

7]aL 1ppm~5ppm 7}A]+= lppm
3%7}5:01] 9J3) calibration ® Ho=Z &

Conc. VOC #1 VOC #2 VOC #3 AVG. S.D. %RSD
0.000 0.000 0.000 0.000 0.000 0.000 0%
0.207 0.204 0.198 0.197 0.199 0.004 2%
0.414 0.401 0.397 0.388 0.395 0.006 2%
0.622 0.613 0.613 0.632 0.616 0.006 1%
0.829 0.832 0.829 0.859 0.840 0.016 2%
1.036 1.043 1.046 1.083 1.057 0.022 2%
1.036 1.021 1.046 1.104 1.057 0.043 4%
2.072 2.131 2.151 2.216 2.166 0.044 2%
3.108 3.130 3.132 3.124 3.129 0.004 0%
4.144 4.145 4.138 4.118 4.134 0.014 0%
5.180 5.145 5.136 5.101 5.127 0.023 0%
Folesh AFHAAE 52l vl§ ME SBEHS AL 9om 59 oo Lamp 5
Be M1 Jon E54E shael WeHS SusuA FUE lampe] MAWOEE FEE
s E F A S 7HAD dH B3 A=+ PNZPP 6018002 1—%«] AAE A
shgom dapzel g8 WEAL, W75, Fol 23 AFHAME E 355 F) 8ok
k.
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¥ 3.5. AAF(Sensor type)oll &3+ Al A

g5 |1 A x49% =49
2=
1-30ppm
MO1 TGS 2600 Hy, oEbS, o] %8, CO, CH, PP
(H, base)
TGS 2620
M02 A7 e, G784 50-5,000ppm
$9.27.8mm({1.29) 718 PP
Lo | Vo3 GSBT11 VOCS(E 25 1-100ppm
Elad
) TGS 816
A2 | Mod ( e, TaW HE 500-10,000ppm
©19.5 % 16.5mm(#J7.7g)
MO5 1G5 826 NH 30-300ppm
?19.5% 16.5mm({97.72) ’ PP
TGS 823
M06 A78, G784 50-5,000ppm
©19.5% 16.5mm({97.72) 71 PP
EO01 NH; 3E 100 NH; 0-100ppm
7]
51514 E02 NE-H»5-50 H»S 0-50ppm
El4 Alc/M-100 e 0-100ppm
=3 0-20ppm
| po1 PNZPP 6018002 VOCs _
o]-23} (isobutylene base)

4. W8 AAEY A w7t S & 2e3 Jfd 10710%5 cm)
7}. Manifold AA 2 A=

(1) A4 Manifold A2 A
A4 Manifolde 7F2=AA 7 7F2~A &3 ¥E8-3SbE micro-chamber®] H&& ste &
gtk I 380 uYERd wRel o] dREH<Ql Jp2~AA7F on-board FEIE A
oW F99 AAZE, FF FoA TAEHE IS Tt & AATE dFS
oz AAX9 HAZE PCBE sty 93 938 339t A4 manifold=
=5 ®Hd &0 E VA ANEV HEY 5 e 722 AASR e, 19 3.9 yEhd
o} o]l A® 7129 55 o] AA HH it AMCE sTEE A9 Ago=
2 g AR A4 559 A AEVF 24 ol e AAE UERTh
o AlA Manifold®] A ®+E &AHs A4 manifolde] WHEE 7127t o8& F+ A&
FA/FZET, 7F2=E Detectslr] 93k AA LA HESHEZ FASGTH™E 3.10).

9]
A
)
A
a}
5

2

.

n;'z on
X e @

|

rir
ol
o
i
R
=

4 2
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23 3.8. YREA Q] On—board o] 7}2AlA
ERPICT 1208
A= r] 4 Waniicider bk
ThEHM R a0 ifaldar Bick
arg HEHEH —| = ——] S BE Puk
E N W Pk
4 s E
; :
T s N 1 el
1 Tima {5} i
{/-[_] [ Lk LA L Ll Bl
I FN
g% 3.9. (F5) A4 zEHI Zk= 7
($2) A4 EW} 2 e A
[48 A4 manifold]
nengwen b .
- mmb __.-"' RETSET T
E ; I. I
Ca g '""'"E - M nd Tl SEREIE
- W
i Bl " il EE """
LSt A

[RE.L ]

12 3.10. AlA] Manifold 274 78w
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(2) A4 Manifold A&

AlA manifold= 74&o] &3 &Frg Ao E=F ARSI oH AAs AR 53
47ty o|RES AAE MM manifoldl EA ZNAWA AFeT $27h IAHE
TASRAT. TS AN AR, ThEFAR, TtERrETE olFoHen R MM 99
el B2 AAsta, AA TABRE EA YD 7129 leakHAE 93] A= 1
ANAe] OBo g HEWAS BAsAHE 3.1D.

L

29 311 7+¥ A4 manifold ©]m =]

(1) MM EE Aloj& PCB Az}

b MA=ZE A& PCBAA
WA mES Aol @ TEL 9T RS JhAAA AolR, HelH Ael/5H/HE,
ANAG )59 AREOE o] MAE %}aau}. WA JhzAA AoliE MM AF 9
JEe] AYe BRI, FYNE FYHES L dolE A/FRAETE A
S LA FERRELEERRE T %?‘%Zﬂé% g HelHE AEY 5 UES
TFARGOr, Ao AY, AA, BE, §F 5L AWtE AAG 5L FEE 4

A== A

>~
%
%2
o
_1

(e
>
>

() AARE Aol8 PCBAZ
AMALE AolE 23 PCBE= 138 129} o] R =99 Manifold’} on-Board )& 1.4 0]

huid

4 ¢ 9= AAstgh

_2‘|_



MM manifold& on-board2 A A|

138 3.12. On-boardd €l & AlA manifoldE PCBo A2 o A)

@) AMEE AN2F A2

fgo® 2 "o ALES AR Al
Nseiws sgow, g@sdolssh AlA,
& ARSAHLY 3.13).

e
f*""ﬁa- / =

=, S
o
?E.‘ F o

a9 313 MM EE AZHE AlzRe] e 23« AD.

| Manifold/PCB IR ES
HE 7|7 A

Jot
alil
bt

a9 3.14. AX 2ES 7z
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ozi

BA A A gAZ AAFY 7S B T FA-ska @ Acl=e Ar]ek A H Y]
g Holg HE Wase 1H3 MEEAAE AAsAT T MARs ERrE AZY AA
Manifold& AlZstar AL/ AAE 8 A /A7 755 2% PCBE 24 stlow, Al HA
2 A4 /Manifold/PCB 52 HAEA & 7t 79 - FE279 94A, 718 7755 L7 AA
= 7I7AAE ATk | WA == Working Mock-up A2t B 2] FA12k& shof 9 F Ao~
E Azt & npA o 2 4 HE BE FA4FS Mock-up Aol 2ol AEste] 2E H 7)Ee F
de Brlstal A 2E TEe A FAAE NEsidth

K
i

il

5. AlA A7} 80| Plug & Play 715 A€

A wA 7y ZFAES A AFER7E o] &3ty HEldE AFe] AFS 98] Plug & Play 7]
SYsHA STk Plug & Play@ 7971717k 359 Azdo]l 450 8P 7171F <
o BASE AFVAUAY N50E AAT B R SelelMEE UNF Pas

A7e] lek.

2 > o
L% o

FAR A A 83 Plug & Play 71s= 1% 3158 &3l 89kttt 712414, F&44 LCD
5o %1 BE wAEe] AEE ALHe MOUAA LB AR dolelS +Ase] 5 A
e SEREA ] Plug & Py 715¢ SQFo24 2443 2 A bd YRS § - 7
A FAE ol gatel gAY By HesEE TG

ZpA 4l
(electrode/heater)

GlojE HE

%E“‘ A Mcu Integration
{manifold =) (M2 E) Module
Plug & play o
T2 {E
€D N gz
(AI/AEEAI?|) t—'/ gl
USER

19 3.15. Plug & Play 7]s 78S 98 PCB AA/A%Z E&5%.

6. 1 OU oJste] A4 &7 &=°l 7ot AlA A 3l duMd et

7}, Lat testg& AlAM Az As5H7E A& A=

(D) W=A2 J=4dA

b H42A
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AWl MEA A sh AAE HEE TP ot AAEE AYES 24V-50V FEO
2 Hojglonz, Weel FHAUT} A AUL WEE THSAL. A SEHADL A
W2 Datasete] }&& FHwsle] 4% & =S 7w Regulators 3 zo| TR

LMI117-ADJ2 A& AH8-8t3, 7hiAge 2A4ste thg 19 3160 Ued nie} o] Yate
AgS A& F Jd=2 FASY

A 748 5Ve Aol JAAHMA 12V HYS A3t Heater AddS WhE

d on 3 HYS 12Ve YHe wol A0 Z(1.5V~10V) AYS =HIEE 319
o} =3 Regulatorg AMg3te] 12Ve] HYE wol uAHHO R 5VAYS FH3ste o 3l
2R A7t =E A AsHh

ol
ol
oL
bt/
O

LM1117-ADJ
YiN =9 Vi Vout *— Vour
ADJ I ¢ »
v
REF
R1
10 uF = L- l = 100 uf
IADJ
R2
R2
Vour = Veer (1 + 77) * lapy R2
a9 3.16. 7MHAJ(YRA I =
(L) ¥r=A2] Analog 3|2 9 A5 7R F AA
ZI1BIZE vy o R 4% AAHE o] MAMEE MEE FEd7] 3 FHIZE FU}
stoEx AlAe =l ADO Eilee =9 vAHFY HINAE SAHo] 7HEslES st
2 FAY gE JAVE Bl e TERAA A
o |

ppb FE7HA HAEHESF 2AsAH. 3
T3 sl 234H 2O WA
31700 WrE=AA Ao I 2EES JER AT
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Heater® 4

O L e ey L L e P o (IR Lo CORER E D LI PR S LI ey

A A Analogs]l 2=

Al
-

Jl

Z

W

a9y 3.17.

o)
1=

AAvlth er 82

FA T

3|

3 HEEA|

B

fite)

]_

0

il

1e 5V

[
sl

18] AYLe Hi=A2

3

s,

2 AA

= 19 3.189 g¢F

1

0

BB E R

)

3%+

Ve

a3 318, RE=AA AlA o] WHRFAHE

Fakol b a

R

F=® Rso) 7] A

Arpupg el o8] AG-DIe] Aol EHHT,

- (4)3-1)

7] A; Ry =
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(@) A713ksk4] A Aol ' AA

A7 8 a2 Tt E A5 e o AL Aol o) Jt~E AA s B sh~
M2 ZFHA=(Working Electrode)d} 7] =(Reference Electrode), 4+t =-(Counter
Electrode)= A4 Jom 7|23 =+ 1§ 3199 2o

Vout

Vin e——

R

19 319, A71steks Ao 7 54 JEE

T A2 ZtxAdlA el 22 g Vs 2dH
27} 7H3 ek (Imaginary shordd A2 SA4 7
524 "o o] ALt AFHAFY AAAE FE
SRS, AzA HE AASE 9 JY9ATS ] AAsIAoF

(1} 1x LPF3 =

o] 3|2+ LPF(Low Pass Filten)2A4], 15.9Hz ©]49 Fu+Z A} (Cutoff) st =2 A&FT
T o] &(60Hze] AR wolR)E AAEE FASATHA 3-2).

1 1
C2TRC 2% 7<100%10° % 0.1 <106

fe =15.9[Hz] -{(2]3-2)

(th Offset A3 &2 L B35 Hlz7)
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—_
o

}37, Base AYS =A

3

Z

722 A ZAA Q] Drift 9&FS H 43}

OffsetS Zt= % Offset ZAI| =2

a2

713}

Kl

13} ADCOlA] ¢S
st 198 3.209 Zero

S

Sls

A71E A&
J2EE Q9

it

S

L —
) .

gl

52 skAl

Zo) 3ol

=
=

BiasZ o)z ol 0719

ZEHE7|

.,

Offset ZHE| 2

=

MEE

4

a3 3.20. 2CH -z17]3}8k4] Analog 3| 2%

FAA ] A9 AT Regulator’t 131, 5.1V RE& AUtie| =& HA)

HA A A = o

J|

A

G
T

X

—

O

™

.
o

wK

HASZ3 2, 12 LPF3|&, DC-DC Converter, Lamp

s

IR om Analog3l 2 FAEE 19 3.219 YehSdch

J]

et

g 74

AdAolsez 3=
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2] Analog 3] =.

FAF A7bEE e A eE FFsh] 98 F A dEDAe 3 A FHEA
g HAe AsYYI2E T 4YAE9 Adifference)E EF3AY FE3E 715E 7HA
o, ditzlo® HA & Iz HE&E FHFIH. PDAAME Lamp AYS A7pstEE
Lampz A o} A28 A& 2estr] fef a5 dHI=ZE TFASAH
(b ¥l SZ£3=2 9 LPF3=2

235 F4E 98 99A4E FF5] ADCY Edls S T4 AvE MASEI R A
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double Lagrange(int n, double data, int row)

double mult=0.;

double sum=0.;

for(int i=0;i<n;i++){
mult=1.;
for(int j=0;j<n;j++){
if(jl=i) {
mult = mult*(data - MEAS_Soutlrow][jD/(MEAS_Sout[row][i]-MEAS_Sout[row](jD; } }
sum=sum + mult*STD_Sout[row](i]; } return(sum); }
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for (int idx = 0; idx < TotalSensor.Max; idx++){
Global.ResultValue[idx] = Lagrange(idx, 2, Global.temp_signallidx]); // 2point w7

if(CB_ppb.Checked){
Global.ResultValue[idx] = Global.ResultValue[idx] * 1000;
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Observations (axes F1 and F2: 76.82 %)
Observations (axes F1 and F2; 71.98 %)
4
‘ ;
2
£ - g 1
= g
= )
2
-1
= -1
3
4 z 1 o 1 z 3 4 5 3
F1 {54.16 %) 4 3 z -1 1 z 3
F1(50.56 %)
IR T R
Observations (axes F1 and F2: 85.42 %)
A 3
o
] 2 K\ 4 3=x
2=} LDy s
2 0} ot AT R
2 1 % . T (e |
£ ! '\EE B!}"-':'. l ie = /z\ E‘Z"—ﬂ_ai—"'
R o f f * i f
: / e
o a e 5 / | .,{m‘ £
1 \\!_/'. Fom {;fj /\;\
o :
) -z 1 ﬂ ..4/ “—rxf
. 1T R
24 3
- 5 ) 3 2 1 o 1 2 3 4
& 5 4 3 2 4 o 1 Vi E 4
F1(61.97 %)
F1(50.21 %)
S2A7R AR A AR AL 2A
1% 3.48. WA A o T4 PCA 4
. AxZE 0|83 57 A& Database 1=
D) AEH
A A5E Hol &85 v VA FHREAAA, X3, AFA, vhs, A7 o
Database %< 93] AA T e AdLE AA 3} % of ¥

=y

= SR

Ao & LFYst s 5 A Ao
(NEW)+= ‘ﬂ%}l‘it‘rﬁ}i 50C oA 5

y
N By o

2 23423
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b BAAE

1000U7]1&9] AMAZdH =481 Ads 7HAT A7
Minus2 F&Z3stem F3ke] 2ol Deltagtez gElstal FEstdn. =3 AP S
st PCAZ Ueliith. A&l Abgd 7t2=AdlA e i
Folesl A IR FASPeH, 1052 AAMES 3
B8 583 A 219 dde AAsAH.

st 43 ;P ANE5H S H*GH fﬂxlx%ﬂ&q o) 83424 FFE72 SppmI o) A&
= A3ATHE 3.10). 2+ &9 Plus$t Minus =4 3te] 25 +
s Deltagto.2 Ea3tn ¥ 3110] Deltaghe wa F23he] Felstglom, A3 ZNEWH %
o]

o
%
Hm
1

¥ AZOLD)¢ ZailEdEH e g PCAZAE 1% 3495 Bl e A3dax
Aol A dFez gtolBey F50] A= o] FoAAA o} MEANAE T2 £ st
LT 2HoE AN st FHEHNE & 312 o I 3500 gt WEAA AN E
Aofstds o MAEH s4d Ade] ghojHejg] 750 WEsiA YetdS & ¢ AT

il

—_—

8 MO1 | MO2 | MO3 | M09 | EO1 | EO2 { EO4 { E10 | E14 | POl
13:44:43 H2S %<& 5ppm | 20.5 | 3154 | 19.5 | 151.5 | 0.007 | 0.578 | 0.002 { 0.383 | 0.634 | 0.047
13:57:06 ol A&Fg=5ppm | 33.1 | 3154 | 325 | 11.2 | 0.002 | 0.014 § 0.002 | 0.015 | 0.148 | 0.756
14:15:22 | EXxAZ& NEW 1-1| -53 | 16.3 | -4.4 | -1.1 | 0.002 | 0.015 { 0.002 | 0.015 | 0.022 | 0.002
14:32:38 | EXA4 NEW 1-2| -3.8 | 31.8 | -3.3 | 1.5 |0.003 | 0.013 { 0.001 | 0.016 | 0.023 | 0.002
14:51:44 | €A 3# OLD 1-1| -56 | 82 | -5.1 | -2 |0.002 | 0.014 ] 0.001 { 0.014 | 0.02 | 0.003
15:11:08 | €¥x]31# OLD 1-2| -4.2 | 16.6 | -3.8 | -0.8 | 0.001 | 0.01 ] 0.001 { 0.015 | 0.012 | 0.002

A2 AEH

Variables (axes F1 and F2: 99.99 %)

-- axis F2 (3.20 %) -->

0.5

- axis F1 (96.79 %) -->

1% 3.49 BX3 PCAREA10FAA)
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¥ 3.12. WEA4 AA A9)F Deltagh ¥ syojaan oL AIA
A ZF A= EO1 ¢ E02 | E04 E10 El4 P01
14:15:22 | EXAZ NEW 1-1 0.002 4 0.015 b 0.002 0.015 0.022 0.002
14:32:38 xR 2 NEW 1-2 0.003 0.013 | 0.001 0.016 0.023 0.002
14:51:44 | €Xx3# OLD 1-1 0.002 4 0.011 0.001 0.014 0.011 0.003
15:11.08 | €xxZ OLD 1-2 0001 1 0.01 r0.001 0.015 0.012 0.002
Variables (axes F1 and F2: 99.57 %)
1 re
. 05
3
3 __——|BBId
. g —_—
E _--------‘-l-h:,.__.:@:'_
'E == NEW 11
m
e
-1
-1 0.5 0 0.5 1
— axis Fi [95.43 %) —>»
a7 3.50 BX3 PCAR-A (718184, Fo]314])




® 310, BAAY AAREEA L, [A7)3heha], Fo| 254
MO1 Mo2 MO3 M09 EO1 E02 E04 E10 E14 PO1
Time Al
Plus Minus | Delta Plus Minus | Delta Plus Minus | Delta Plus Minus | Delta Plus Minus | Delta Plus Minus | Delta Plus Minus | Delta Plus Minus | Delta Plus Minus | Delta Plus Minus | Delta

13:40:33 Z™olloj1 o] 2.2 -2.2 31.5 Q 31.5] 0.1 1.6 1.5 1.5 2.1 -0.¢ 0.028 0.023 0.005 0.018 0.009 0.009 0.172 0.177  0.0021 0.022f 0.005 0.017 0.163 0.1 0.063  0.093 0.086 0.007
13:41:58 202 0 6.7 -6.7 3.6 Q 3.6 q 5.4 5.4 0.4 3.1 -2.7  0.024 0.014 0.008 0.0 0.0077 0.013 0.172 0.177 0.0021 0.022f 0.00¢f 0.016 0.147 0.115 0.032] 0.087 0.081 0.00¢
13:43:11 20013 o] 4.7 -4.7 15.9 Q 15.9 q 3.9 -3.9 0.9 2.4 -1.7  0.019 0.014 0.003 0.022 0.007 0.015 0.172 0.177  0.002 0.027 0.005 0.015 0.123 0.11 0.013  0.083  0.081 0.002|
13:44:43  H2S BF 5ppm 20.5) 0 20.5  315.6 0.2 315.4 19.5 q 19.5 151.5 Q 151,53 0.029 0.022 0.007 0.595 0.017 0.57§ 0.172 0.17  0.002  0.391 0.008 0.383 0.763 0.129 0.634 0.134 0.087) 0.047
13:46:32 Sollo1 o] 5.6 -5.6 16.3 2.5 13.8 q 4.6 -4.6 1.6 3.7 -2.1 0.024 0.017) 0.007 0.053 0.012]  0.041 0.171 0.17)  0.001 0.052  0.021 0.031 0.203 0.118 0.085 0.093 0.083 0.01
13:47:46 2002 0 6.9 -6.9 0.8 0.1 0.7 q 5.7 -5.7 Q 4.1 -4.1 0.014  0.014 0.002  0.026 0.01 0.014  0.172 0.17  0.0021 0.029 0.015 0.014 0.124 0.111 0.015  0.083  0.081 0.002|
13:49:32 20013 o] 6.3 -6.3 2.5 Q 2.5 q 5.5 -5.5 0.2 3.6 -3.4 0.01§ 0.014 0.004 0.018 0.005 0.013 0.172 0.177  0.002 0.02¢ 0.013 0.013 0.118 0.103 0.015  0.086 0.08  0.00¢
13:55:47| 230004 4] 6.7 -6.7 2.2 0.1 2.1 q 5.5 -5.5 0.2| 3.2 -3 0.027 0.014  0.011 0.018§ 0.004 0.014 0.172 0.17  0.0021 0.023 0.009 0.014 0.114 0.09§ 0.018 0.091 0.081 0.01
13:57:06 o] AP = 5ppm 33.1 0 33.1 315.4 Q 315.4 32.5 q 32.5 12.7] 1.5 11.2  0.017 0.015  0.002 0.0 0.006 0.014 0.172 0.17  0.0021 0.023 0.008 0.015 0.254 0.108 0.148 0.837 0.081 0.756
13:58:20 Fdofloj1 Q 5.5 -5.5) 46.9 31 15.9 0.1 4.9 -4.8 0.4 3.1 -2.77  0.017,  0.015  0.002 0.0 0.00§ 0.012 0.172 0.177  0.0021 0.025 0.009 0.016 0.252 0.133 0.119 0.731 0.083  0.643
14:02:05 Zdojof2 4] 5.8 -5.8 7.2 Q 7.2 q 4.9 -4.9 0.7 3 -2.3  0.029 0.018  0.011 0.02 0.005 0.015 0.172 0.17  0.0020 0.022f 0.009 0.013 0.128 0.102 0.026f 0.093 0.082) 0.011
14:04:02| Zdojo]3 4] 6.4 -6.4 4.4 Q 4.4 q 5.4 5.4 0.5 3.2 -2.7 0.024 0.017  0.007 0.0 0.006 0.014 0.172 0.17 0.0020 0.024 0.009 0.015 0.124 0.099 0.027] 0.089  0.081 0.008
14:13:36 Zdofloj4 4] 5.4 -5.4 12.1 0 12.1 q 4.6 -4.6 0.8 2.8 -2 0.029 0.02f 0.009 0.01§ 0.00§ 0.012 0.172 0.17  0.002 0.024 0.003 0.021 0.117  0.098 0.019 0.092 0.083 0.009
14:15:22) BRI AZ NEW 1-1 o] 5.3 -5.3] 16.3 Q 16.3 q 4.4 -4.4 1.4 2.5 -1.1 0.02f 0.018§ 0.002 0.023 0.008 0.015 0.172 0.17  0.002 0.023 0.008 0.015 0.119 0.097 0.022l 0.084 0.082] 0.002
14:17:11 Zojloj1 o] 6.7 -6.7 1.4 Q 1.4 q 5.6 -5.6| 0.4 3.3 -2.9 0.025 0.017 0.008§ 0.021 0.009 0.012  0.172 0.177  0.002  0.021 0.008 0.013 0.115  0.095 0.02f 0.089 0.082 0.007
14:18:34 Z30jjoj2 0 6.7 -6.7| 0.3 0.4 -0.1 0.1 5.6 -5.5 0.3 3.2 -2.9 0.02 0.01¢  0.004 0.019  0.008 0.011 0.172) 0.171 0.001 0.02  0.008 0.012) 0.117 0.09¢  0.021 0.085 0.08 0.005
14:28:32 Z0jjoj3 0 5.8 -5.8 4.2 0 4.2 0 5.2 -5.2 0.5 3 -2.5 0.029 0.019 0.01 0.02 0.003 0.017 0.172 0.171 0.001 0.022 0.004 0.018 0.115 0.0977 0.018  0.092 0.082) 0.01
14:31:27 Zojoj4 0 5.5 -5.5 10.8 0 10.8 0 4.7 -4.7 0.9 3 -2.1 0.021 0.018  0.003 0.01  0.008 0.01 0.171 0.17  0.001 0.025 0 0.025 0.113 0.0977 0.016  0.085 0.082) 0.003
14:32:38 HA|AZ NEW 1-2 0.1 3.9 -3.8 31.8 0 31.8 0 3.3 -3.3 3.5 2 1.5 0.02 0.017  0.003 0.019 0.006 0.013 0.171 0.17  0.001 0.022  0.006| 0.016) 0.119 0.09¢  0.023 0.084 0.082 0.002|
14:34:36 Zojlof1 0 5.9 -5.9 4.4 0 4.4 0 5.3 -5.3 0.3 3.1 -2.8 0.024 0.017 0.007 0.02 0.006 0.014 0.172 0.17  0.002 0.023  0.008| 0.015 0.114 0.101 0.013 0.089 0.081 0.008
14:43:07| Z30jjoj2 0 5.6 -5.6 7.1 0 7.1 0 4.8 -4.8 0.6 2.9 -2.3  0.029 0.02  0.009 0.01§ 0.004 0.014 0.172 0.171 0.001, 0.02 0.007, 0.013| 0.115 0.101 0.014  0.092 0.083 0.009
14:46:41 Z30jjof3 0 6.1 -6.1 7.3 0.5 6.8 0 5 -5 0.4 2.9 -2.5 0.024 0.013 0.006 0.017)  0.007 0.01 0.172) 0.171 0.001 0.02 0.007, 0.013| 0.109 0.1 0.009 0.088 0.082) 0.006(
14:50:26 Z3ofoj4 [ 6.2| -6.2 5.6 0 5.6 0 5.3 -5.3 0.6 3.1 -2.5 0.028 0.019 0.009 0.02 0.006 0.014 0.172 0.17  0.002 0.018 0 0.018 0.114 0.101 0.013 0.091 0.082) 0.009
14:51:44 EX|A17Z OLD 1-1 0 5.6 -5.6 8.4 0.2 8.2 0 5.1 -5.1 0.9 2.9 -2 0.01§ 0.014 0.002 0.02 0.006 0.014 0.172 0.171 0.001 0.021 0.007, 0.014 0.11§ 0.098 0.02 0.083 0.08 0.003
14:53:27 Sojof1 0 6.1 -6.1 6.3 0.1 6.2 0 5.2 -5.2 0.6 3 -2.4 0.022f 0.017 0.005 0.018  0.008 0.01 0.172) 0.17  0.002  0.021 0.007,  0.014  0.115 0.1 0.015 0.087,  0.081 0.006(
14:56:50 S:ojof2 0 5.4 -5.4 10.4 0 10.4 0 4.5 -4.5 0.7 2.7 -2 0.0277 0.0183 0.009 0.021 0.002 0.019 0.172 0.171 0.001 0.023 0.007] 0.016 0.119 0.103  0.01¢ 0.09 0.082 0.008
15:09:57| S:0jof3 [ 6.3 -6.3 3.1 0 3.1 0 5.4 -5.4 0.3 3.1 -2.8 0.028 0.018 0.01 0.01§  0.007  0.011 0.172) 0.171 0.001 0.022  0.006| 0.016 0.118 0.099 0.019 0.091 0.081 0.01
15:11:08 HxX|5Z OLD 1-2 0 4.2 -4.2 16.6) [ 16.6| 0 3.8 -3.8 1.5 2.3 -0.8 0.019 0.0183 0.001 0.019  0.009 0.01 0.172) 0.171 0.001 0.024  0.009| 0.015 0.111 0.099 0.012 0.083 0.081 0.002
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G2 959 Database T5& sl B4R AAFR SHAAFE HAD AP LA
o wgule] WA AR 1ge B F Clean Air 3LE FUste] 4T H AU ® 313
of 24278 Jeilen 1% 351, 19 352 o ABYLL 59 PCA BAARE 2ofa)

%0
2 4
£

NEWZ2_1 NEW2_2 NEW?2_3 OLD3_1 OLD3_2 OLD3_3
MO1 61 58.8 60.8 45.6 47.1 46
MO02 61.4 58 59.8 43.3 45.4 44.2
MO03 102.1 106 108.4 77.9 84.3 83.1
M04 24.8 24.8 25.2 20.9 21.4 21.3
M09 177.9 184.3 188.8 147.2 154.4 140
M12 55.2 594 58.1 51.5 514 47.6
EO1 9.7 10 10.2 8.1 8.1 8.4
E02 0 1.2 1.3 0.6 0.9 1
El4 42.3 19.2 23.4 15.5 18 16.7
PO1 107.3 134.6 144.2 66.8 66.1 52.6
Variables (axes F1 and F2: 99.95 %) Variables (axes F1 and F2: 99.71 %)
i : 1 _
os A 05
. %
: BN R
o L
E o ‘%
E P -05
4oL il Il = 3 :
4 o5 o 0s 1 1 -05 0 05 1

M i vy - axis F1 (97.48 %) -->

a3 351 A YA PCAREA(NEW, 50C 59) 1¥ 3.52 ®Xx 3 PCARA(NEW, 50C 25)
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(b A9

AR AFAA AAFAR SHBAFGOCAA 5, 25) 7 st on v
A-¢-3 1g& ¥ Clean Air 3LE 3|4 & ¥ FAHS At & 314 o Z4HolHE Y
Effilom 19 353 o PCARMAFAES Qofetch AFAF AMAFH 494 = wet A
2 O golBggE F23 o024 DatabaseE TR & UATH

® 314 sAAAZY gE A3 B2

NEW_1|NEW_2|NEW_3|OLD1_1|OLD1_2|OLD1_3|OLD2_1|OLD2_2|0LD2_3|OLD2_4|OLD2_5|OLD2_6
MO1 21.3 15.6 43.1] 14.8 14.7 19 467  79.6 56.6 3§ 473  43.5
MO0z 156.3 1474 209.5 127.1] 140.2 1560 280.2 291.21 283.8 266  270.9  259.9
MO3 35.8 234 95.3 19.5 20.1 255 491 83.7  58.3 36.7 48 443
MO04 21.6 13.3 35 10.5 10.5 15.1 374  62.8  46.2 32.8 40 37.6
M09 148.3 126.4 184.9 95.6 108.3 1274 2133 282 239.6 192 219.3  206.7
M12 17.3 14.3 29.5 11.6 12 15.1 58.6 96.6 68 514  59.6 58.1

EO1 1.3 0.3 6.8 2 0.8 41 141.3 3248 2069 139.6 166.4 159.2
E02 0.3 0.2 0.3 0.2 0.2 0.2 0.4 0.5 0.2 0.2 0.2 0.2
El4 2.6 1 4.8 0.9 8.2 0.9 5.7 4 2.4 1.5 2.1 2.1

P01 47.2 31.6 87.7 13.2 20.1 26.3 60.9 1224 941 20.1 497  38.2

Variables (axes F1 and F2: 99.02 %)

===

- |
05 e OLD2_2 N

-- axis F2 (9.02 %) -->
]

0.5

1 05 o 0.5 1
-- axis F1 (90.00 %) -->

2% 353 SAA e WE Al$Ae) PCARA
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() nhs

ntEA P> AMAEFT 50CoAA 230 8N AFS 7HA3 APttt /\1391 ;F@fi}—e—
) vdmo) Fiols 1ge ¥e F (Clean air 3LE o] 33y EAsth & 315 o =
AYolEHE Yehon A#ildS £33 PCA A4S 19 354 o JehUch. AdAw
NEWe}F OLDZFe] gtolB 2] 50| B3| ety ntso sAd 50 mE DatabaseEs &1
?-é ‘{l\_‘ )\/\})\1:}‘

% 315 SAA=e WE vhs £4E
NEW1_ 1 | NEW1_ 2 | NEW1 3 | NEW1 4 | NEW1.5| OLD2_1 | OLD2_2 | OLD2_3 | OLD2_4
MO1 63.3 59.2 60.1 70.9 59.8 40.2 34.9 43.6 39.9
MO02 60.3 56.4 57.5 68.9 57.2 38.2 31.9 40.9 37.3
MO3 106.9 101.2 110.5 116 109.6 68.9 68.8 83.5 71.8
M04 35 32.4 34 37 34.1 22 19.1 25.3 23.3
M09 178.7 169.1 174.3 184.7 185.8 144 149.9 159.7 139.2
M12 72.9 59 59.1 70.3 65.2 45 44 .4 49.2 44.1
EO01 9.7 9 8.9 9.6 8.8 6.9 6.8 6.6 5.9
E02 16 14.3 15 16.9 16.8 15.6 11.7 16 10.9
El4 79.7 77.3 80.4 90.8 90.6 62 60 58.7 58.8
P01 124.1 124.3 124.2 129.3 128.8 102.1 108.3 109 110
Variables (axes F1 and F2: 99.79 %)
i =

A 0.5 -

P

o

3, ———

~ P = NEW3-3

' _05

= = |
-1 -0.5 0 0.5 1
-- axis F1 (99.16 %) -->
19 354 AR & =9 PCAEA
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(mh 47

o2 Aesn u@dsts YAZH 50C A 257

;3633}9511:}, 3 3.16

of BAATE
AAET S48

Uelfle 138 355
AEse] Folue Txol

SN MR AEL AR
53l PCAA3E Q9F
BaaA e

# 316 A= WE Y E443
NEW_1 NEW_2 NEW_3 OLD_1 OLD_2 OLD_3
MO1 110.6 110.2 106.4 120.9 120.9 1214
MO02 1404 140.5 136.7 152.7 153.2 153.4
MO03 186.4 186.2 181.3 200.9 200.4 201.4
M04 85.6 86 82.8 93.5 94.2 94.2
M09 294.4 276.9 272.5 300.5 291.7 294
M12 105 101.4 98.5 114.1 114.2 116.3
EO1 6.2 8 7.7 6.5 5.6 5.1
EO02 2.1 1.8 14 2.2 2 1.9
El4 26.7 24.9 20.8 29.1 29 29.8
P01 111.5 109.9 98.4 135.1 130.2 134.9
Variables (axes F1 and F2: 99.97 %)
1
i 0.5
®
=
S . —
E:
' 05

-1 -0.5

0

0.5

-- axis F1 (99.83 %) -->

% 355 £4AE wE A7e] PCARA
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bt
2
=
|t
)
o
&
o
&2
D
i
d

s

N HHARC e THol e Hel shel 2 ARW 44

kA

Variables (axes F1 and F2: 89.49 %)

1
- i T 1 = ~ A
[ -
05 1 )/ i P
- P i= .
i /// i,
g e
<
g’ O T T Lﬂ
o - icn'?:J-O_S -~ "
E - i = S ”
X o ET S
S 22 7 AN 2501 ™
- i \ HAIN_2 W02 7
-~ EI]N 1 :h;;lg_a. -
i
2 -0.5 0 05 1

-- axis F1 (76.07 %) -->

19 356 74 A8 PCARA S B3 ZolByy 75
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= S Ax
o= I = B == A == B =~ B = B B R e B | i B B I B B | = o= ) = =) =l =1 5= R A A A o I A S I A
N1|N2|N3|O1|0O2|0O3|N1|N2|N3|O1|02|03|N1|N2|O1|02|N1|N2|N3|0O01]02]|O0.3

MO1 | 61 | 58.8 | 60.8 | 456 | 47.1 | 46 | 354 | 37.6 | 40.5 | 98.8 | 100.4 | 95.3 | 66.5 | 62.9 | 68.9 | 61.7 | 110.6 | 110.2 | 106.4 | 120.9 | 120.9 | 1214

MOZ | 61.4 | 58 | 59.8 | 43.3 | 45.4 | 44.2 | 168.7 | 159.7 | 171.7 | 278.6 | 250.8 | 236 |245.2 | 238.3 | 248.9 | 241.9 | 140.4 | 140.5 | 136.7 | 152.7 | 153.2 | 153.4

MO3 | 102.1 | 106 |108.4| 77.9 | 84.3 | 83.1 | 56.8 | 57.6 | 56.2 | 120.7 | 118.3 | 110.5 | 107.5 | 111.9 | 120.8 | 111.5 | 186.4 | 186.2 | 181.3 | 200.9 | 200.4 | 201.4

MO4 | 248 | 248 | 25.2 | 209 | 214 | 21.3 | 13.8 | 16.2 | 16.5 | 37.2 | 41.2 | 35.4 | 31.6 | 30.4 | 37 33 | 856 | 86 | 82.8 | 935 | 94.2 | 94.2

M09 | 177.9 | 184.3 | 188.8 | 147.2 | 154.4 | 140 | 145.4 | 134.5 | 133.7 | 246.8 | 228.9 | 217.1 | 188 | 190.3 | 203.4 | 198.3 | 294.4 | 276.9 | 272.5 | 300.5 | 291.7 | 294

M12 | 55.2 | 59.4 | 58.1 | 51.5 | 51.4 | 476 | 43.2 | 41.2 | 40.8 | 101 | 95 | 89.5 | 946 | 914 | 95.3 | 92.2 | 105 |101.4| 98.5 |114.1|114.2|116.3

EOL | 9.7 10 | 102 | 81 | 81 | 84 | 75 10 | 12.6 | 265.6 | 300.8 [ 266.5| 10.1 | 9.8 | 94 | 76 | 6.2 8 77 | 65 | 56 | 51

E02 0 12 | 1.3 | 06 | 0.9 1 03 (03|03 ] 03|03 03 |152]| 146 226|195 | 21 | 18 14 | 2.2 2 1.9

El4 | 423 | 19.2 | 234 | 155 | 18 | 167 | 23 | 29 | 29 | 59 | 49 | 44 | 836 | 743 | 956 | 90.4 | 26.7 | 249 | 208 | 29.1 | 29 | 29.8

POl | 107.3 | 134.6 | 144.2 | 66.8 | 66.1 | 52.6 | 32.6 | 27.2 | 26.1 | 114.9 | 153.8 | 134.1 | 149.2 | 119 | 167.3|165.2 | 111.5|109.9 | 98.4 | 135.1 | 130.2 | 134.9
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4. AEE 5% o7 1AF F5A A ZEo] §AE UVEHLZ 71N 34 RYUE Y& A=

7} WCDMA Al 2"l 7l g

19554 ITUE AIAIZ o2 2GHzHle] 359
wHe]7lsS ol &t A 1FHY 54 2 J
&4l Global Roamings HX2 g =4
< FEIYUE 9vloA IMT-20000.2
Ay, ety omdk JEjo] FAE ThssHAl e ARA 8Tt REeke thFe 2E
ARl 2~E AlFdh o] g IMT-20009] Algo] A=A F3, ml=olA 2GHz S ArFA
oA EFaHeEA AAA 22 o] FAHUT o FHH £ 3GPPEtE HAA
A& ZAA3a UMTS(Universal Mobile Telecommunications System) ¥ WCDMAE %3} 3%

=

olg A 3GPPel &Jsf IMT-20008] %= 7|&==Z A" WCDMA A|~Hlo] we 7]& GSM 7]
Hhol W o] FA 3t ©@Er)e 71X =3ke] A ~(Access) WA o2 CDMA g o] &
st 283 Zlolth. WCDMA Al 2"lo| A 7|2 =3o] FAl2 shto] Futatd 5MHzo| of & &
< AHESteE Bdlg CDMA Ao g HEJ(T 7A=S A AW FE Aul2 FR/ol mzt
uf Z = (Macro), vheo]l=ZZMicro), 3= (Pico) FH 9 7|A =2 EFEHM 7|X= Aoj7]¢ Elo]
U SIM-159] AE=EA A28 o] Fo Avl2 F wojg o] F/ol wal A ZU(Circuit) A
H] 2= MSC(Mobile Switching Center)E& 733 3 3zl(Packet) A1H]2~= SGSN(Serving GPRS
Service Node)= 7d-frstd =S 913 Av] 9 <FAlE|(Authentication Center)e} A= o] A
Hl 25 A F3tA dth

9 3.57 o Alzdle] QIEH o]l 2E YEPIT A A~ B Fojgo R FEEHT o
Azae @27 9@ Node-Bata st 7|A =23 7]A= A|o}j7]l RNCRadio Network
ControllenN® T4 %o Aot 3GPP A & A2=EZE JIEFH |25 T334 o] Aot}
- Un Interface : ©@@7|9} 7]A= Afo]l] FA Q1B H o]~
- Iub Interface : 71A| = Ao} 71¢} 71 A= Alo]¢] QlE|H o] 2~
- lur Interface : 7]A= A7k <AE]FH o] 2=
- Iu Interface : YA 3} o] B Ato]o] QlE|H o]~
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Core Metworl

Tur

ENC EMNC

| Tub Tub

o
=

=
=5
=

a9 3.57. WCDMA <Ig#o]x~ Fx

1. WCDMA 54

WCDMA @71 NTmoreAre] NTWE-310 A2 & AH&3tHom, TCP/IPE ©| 83l AHE
HolEE A4atarh Aol A AxAolA A Fss AT Command$4l e AF-83%T,

(1) TCP/IP Ao

TCP/IP Alojoll H a3t HHE & 3.18= T LoFstit.

¥ 3.18 TCP/IP Al Command

Indication Description
*PPPOPENING PPP H&o] AT FUS o3,
*PPPOPENED PPP A& 55 ¢,
*PPPOPENFAIL PPP H&o] A=A SS ¢4,
*PPPCLOSING PPP H<o| Al TU& &H.

*PPPCLOSED PPP #H<o] A= A2 4F.
*TCPCONNECTING Socket F<o] AlE UL ¢H.
*TCPCONNECTED Socket H&o] dRHAS ¢H.
*TCPCONNECTFAIL Socket A &e] AEAS EH.
*TCPDISCONNECTING Socket A&o] A TYUS ¢H.
*TCPDISCONNECTED Socket H&o] FAHAN S EH.
*DATACON AA HoF PPP Aol AEHISES EH.
*DATAREL AA o zRE PPP 7} AHUS S &F.
*DORENT Dormant “gefjoll YA &H.
*DOREXIT Dormant 4 E]7} A H 9SS &
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) TCP/IP <o) Ba

(b PPP H&EANE o

BEE ol&3ste], ONEGO kol

H7} Invalid g #kel®, Socket H&S /\]_Lo}z] ory1
A H ). Response?] <value>2] <koll=

& (PPPOP)
TCP/IP A B]|2~E o]&3}7] €3] PPP 7<4’\E AE3s7] Y3 HE o=z “AT*NET*ONEGO”
‘1 2 AAF Aol A, Destination Servere] P ¥ Port #
i, PPP A& A& 3, ul= PPP H<&o] 3

29 o] ~(0x20) 7} E+=

# 3.19 PPP HEAI= W& (PPPOP)

Request AT*NET*PPPOP

Response *NET*PPPOP: <value>
<value>

Parameter 0: PPP7} AAEZA] & FejolA AHF o] A =H 35
1: PPP H&o] k5 d -7,
2: PPP H& AJANE HIAS &F
*DATACON Data H&o] AEHASS &H.
*PPPOPENING PPP H<&o] AEHUSS ¢F.

=4 *PPPOPENED PPP <ol 8FHASS ¢H.
Indication *PPPOPENFAIL PPP A | AijstAes ¢9

*DORENT
*DOREXIT

(1)) PPP H<&3iA & (PPPCL)

PPP A &S sfAlstr] #13 =3

a4 <

¢

<value>e] o=

Ao A=
29| 0] 2(0x20) 7} B+

o] =
A

2 o 2 Socket H<o] o FEjol A 3l

Socket &S =8

O]_‘:_
B =
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3 3.20. PPP A& A W& (PPPCL)

Request AT*NET*PPPCL
Response *NET*PPPCL: <value)
<value>
0: PPP 7} 925 & ejolA PPP A& Al Al=3d 3%
Parameter )
1: PPP A& 34 959 A9
2: PPP A< A4 A AU S &g,
*PPPCLOSING PPP A< dA 29L& ¢,
2 “DATAREL Data <ol #4& 24d.
. *PPPCLOSED . PPP H%0] SAHRLS o
Indication
*DORENT
*DOREXIT

(th) Socket &A= H&E (SOCKOP)

TCP/IP AMHI =5 o] &3t7] #8] 54 AW HES A=3shr] Y3 BHd o=, =5l Socket
HES A 102 5QF A=A =M, 1027F HH, ©f o] Socket H&E& AlEstA] et
Response?] <value>e] <roll&= 23 0] 2(0x20) 7} €&

# 3.21. Socket HEA = HE (SOCKOP)
Request AT*NET*SOCKOP
Response *NET*SOCKOP: <value>
<value>
0: PPP 7} 4 == &2 FEjodA AW HEo] AEH 75
Parameter 1 Socket H & shz® Ao
2: Socket H& A A= HASS &H
*TCPCONNECTING . Socket FH&o] ARHASES &9,
- *TCPCONNECTED . Socket o] HEHUSTS €H.
o *TCPCONNECTFAIL : Socket o] AHAFFASS &,
Indication N
DORENT
*DOREXIT
(2P Socket H& a4l W& (SOCKCL)
HA) AA= Socket &S A8ty Yg HE o2, Responsed] <value>e] o= ~# o]~

(0x20) 7} &=
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3 3.22. Socket H<aA WHE (SOCKCL)

Request AT*NET*SOCKOP
Response *NET*SOCKOP: <value)
<value>
0: PPP 7} AAFEA o AHoA A HEol Al=H ¢
Parameter
1: Socket & 59 H9
2: Socket A& A A= HASES ¢
*TCPCONNECTING . Socket &0l AAREHUSS &
e *TCPCONNECTED : Socket °] HA&EHAS ¢H.
- *TCPCONNECTFAIL . Socket FH&o] A aS EH.
Indication
*DORENT
*DOREXIT

(vh deolg % 5" ( SOCKWR )

Destination Server & Ho|EE A E3}7] 3 HF o=
= HlE Al KCRXLFY )& Eo] Fojof 3t}

o
o
ot
o
ylw

( <value2>2] H)ol
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3 3.23. Hiolg A& w® ( SOCKWR )

Request AT*NET*SOCKWR=<valuel> <value2>
Response *NET*SOCKWR: <value3><valuel>
<valuel>
A8tz sk dlolE 9 do] ( HTi 2048 bytes )
<value2>
A&staA k= dlolH ( 0x00 ~ OxFF ¢ =& ®He 715 )
<value3>
AE BH
Parameter 0: d% A
( Socket H&EHA & FHAA HolH dEe & A5, ol Hol
7 dE 9 45 )
1: doly ds &5
2 Holy dE B4 Y F
<value4>
S tolE Zol
e *TCPWR=<value4> c HlolE7F AEHATS ¢H.
- *DORENT . Preservation ( Dormant ) == ¢
Indication . . . =
DOREXIT . Preservation ( Dormant ) == &j| A
(3) Al°] Flowchart

19 3589 Ao]ES 93 FlowchartE JeER AT
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*NET*ST: 4

YES

AT*NET*ST?

*NET*ST: O

TimeOutCnt++

TimeQut >= 30

Y

AT*NET*PPPOP
TimeQutCnt = 0

TimeOutCnt++

*NET*PPPCP: 1

h 4

AT*NET*SOCKOP
TimeOutCnt = 0

TimeQut >= 30

TimeOutCnt++

*NET*SOCKOP: 1

AT*NET*SOCKWR=
Length,DATA

TimeOut >= 30

TimeOutCnt++

ET*SOCKWR:
1.Length

TimeOut >= 30

13 3.58. Ao} Flowchart

YES

YES

YES

YES

AT+RESET

AT+RESET

AT+RESET

AT+RESET




. HolH d4E 9l

AA e ARE ALAATL ofd AEY Ao AWSER A0 AAEA Wk
o} HolEl o] AEEE Ao 4w HolHE |Zow 4w HolE sl Y el HolE ol
2o AR Holg e 58 Mmstel AEES FAsATE HolEuo) 2o AgE AZre (WY
YN E] Ao SD Th=o] ARALE [ANEz] g0 A%E T IR GAgon A4

of it

3 3.24 ~ 3 3.30, 13 3.60 ~ 18 3.665 T3l SD7I=o| AAH do]lg e} A4 Databaseo] A
shelst A5 Yelith dlolE AEE 02 20159 62 29 ~ 6€ 1997149 AAAEE
2EZE GRE 7|Fo 2 ST HolH7F WA & AW HFo] o] FojX x| o AHEFES

g
EolE® HEES 100%5 @435t 13 3.599] d3ol AH&E AAe WCDMAE
]
AN

4 &
q o

‘7 - i':—_&— A -'1 e p—

o0 AR Y B e ppweey

9 3.59. A Akset WCDMA
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3 3.24. 2015.06.02. SD Cardell A7 dlolH

NO Time MO1 | MO2 | MO3 | MO4 | MO5 | MO6 | EO1 | EO2 | El4 | POl
1 | 14:27:48 | 217.8 | 230.7 | 1.312 | 116.8 | 285.4 | 0.409 | 9.094 78| 138.5| 75.99
2 | 14:43:54 | 191.6 | 203.1 | 1.648 | 112.7 | 274.1 | 0.476 | 8.423 | 48.63 | 124.2 | 77.99
3 | 14:54:21 ) 2029 | 204.6 | 1.572| 107.9 | 271.8 | 0.476 | 7.645| 15.38 | 117.3| 77.93
4 | 15:04:57 | 206.7 | 201.6 | 1.892 | 110.7 | 274.3| 0.433| 7.706 | 15.35| 116.4 | 78.02
5 | 15:15:59 | 195.6| 188.9 | 1.801 | 111.2| 270.4 | 0.385| 7.584 | 15.32| 77.26 78
6 | 15:27:11 150 | 149.7 | 1.617 | 83.33 | 236.5| 0.494 | 7.538 | 15.52| 48.2| 49.96
7 |1 15:38:09 | 163.8 | 168.9 | 1.938 | 97.05| 258.8 | 0.409 | 7.66 | 15.46| 70.53 | 55.28
8 |16:02:56 | 157.8 | 148.3 | 2.182| 92.76 | 251.1 | 0.47| 7.751 | 15.52| 60.96 | 49.45
9 |16:13:38 | 203.1| 204.9 | 1.968 | 118.3| 280.6 | 0.47| 7.523 | 15.49| 77.61| 78.03

10 | 16:24:20 | 201.9 | 196.7 | 2.243 | 119.4 | 280.4 | 0.439 | 7.477 | 152 | 109.8 | 77.84
11 |16:34:41 | 201.1 | 198.3 | 2.304 | 111.4 271 0.5| 7.202| 15.34 | 7599 | 70.43
12 1 16:49:01 | 193.2 | 206.2 | 2.151 | 117.8 | 277.9| 0.385 | 7.828 | 15.56 | 77.64 78
13 | 17:01:39 | 203.5 | 223.8 | 2.365| 130.6 | 291.2| 0.421 | 8.087 | 53.41 | 122.1 | 126.9
14 | 17:13:08 211 210.1 | 2.396 | 136.6 | 289.9 | 0.385 | 33.36 | 47.99 | 134.7 | 125.5
15 | 17:24:29 | 198.1 | 215.2 | 2.411 | 132.7| 282.8| 0.421 | 8.408 | 15.5 116 | 1134
16 | 17:34:24 203 | 2154 | 2.258 | 133.1| 281.2 | 0.446 | 8.224 | 15.24 | 112.3| 77.96
17 | 17:45:46 | 156.6 | 154.3 | 2.06 | 99.34 | 232.7| 0.415| 466.7 | 15.27 | 15.49 | 14.47
18 | 17:56:41 | 153.2 | 160.7 | 2.106 | 97.19 226 | 0.446 | 8.56 | 14.57 | 15.35| 15.11
19 | 18:07:15 | 141.5| 146.7 | 1.968 | 93.36 | 221.4 | 0.446 | 8.347 | 13.28 | 15.34 | 14.53

15860821427 |
i 1586021443 |
i 281586821454 |
| 2815860215684 1
| 281586821515 |
| 281586021527 1
1o

1586821538 |
1586021682 |
1586021613 |
1586021624 |
H5A6B21634 |
1506021649 |
H H5A6B21761 |
| 281586821713 |
i 281586821724 |
| 281586821734 |
i 281586821745 |
| 281586021756 1
1586021887 |

where substringCODATE,1.8>

= '28158662° ;
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3 3.25. 2015.06.03. SD Cardell A&+ dlolH

NO | Time MO1 MO02 MO03 M04 MO05 MO06 EO01 E02 El4 P01
1 14:00:25 | 2109 | 2323 | 1572 | 157.6 319 | 0.446| 8438 | 1385 | 201.6| 196.7
2 14:11:03 171.3 | 167.3 | 1.617 | 153.1 | 309.2 05| 8026 | 6836 | 202.1| 185.9
3 14:21:20 | 250.7 | 212.2 | 1419 | 156.1 | 298.8 | 0.458| 7.629 | 1544 | 1251 | 193.9
4 14:32:07 | 2389 | 2272 | 1.663 | 155.5| 3124 | 0.439| 7.736| 76.07| 1851 | 187.0
5 14:43:28 | 2415 | 198.5| 1.968 | 161.2 | 309.5| 0.415 7.69 | 65.504| 140.3| 202.6
6 14:53:42 | 2212 | 2201 | 1.678 | 1389 | 296.5| 0.385| 7.187 | 4898 | 116.7| 135.1
7 15:05:24 | 207.7| 1738 | 1572 | 136.6 | 290.4 | 0.507 | 7.446 | 15.15| 77.84 129
8 15:15:44 | 2115| 2071 | 1968 | 1263 | 2849 | 0391 | 7.034 | 15.52 78| 113.1
9 15:29:08 | 72.07 | 75.87 145| 2032 | 70.76 | 0.409 | 7.202 | 4.517 | -13.67 | 13.17
10 15:42:39 | 209.1 219 | 1.907 | 127.7| 285.2 0.47 | 8.316 154 | 77.48 | 78.00
11 15:53:49 231 228 | 1.724 143 | 300.4 | 0.427 | 7.446 | 49.62| 116.7 | 140.5
12 16:05:23 | 212.3 228 | 1.785| 151.3| 304.8| 0.385| 7.156 | 49.47| 125.9| 1404
13 16:17:30 | 213.8| 181.6| 1.877| 1459 | 2994 | 0.421| 7.019| 1553| 1128 | 1404
14 16:29:18 | 218.1| 2346 | 1572 | 1628 | 3064 | 0.476| 7.233| 14.89| 1294 | 140.3
15 16:39:48 | 220.2 | 1855 | 1.801 | 161.6| 3074 | 0.421| 6.409 | 51.27| 136.9| 178.1
16 16:58:3¢ | 208.1 | 140.8 | 1.617 | 132.7| 2745 | 0.397| 7.416 300 155 | 124.9
17 17:09:50 | 206.8 | 226.1 | 1.907 | 164.8| 308.2| 0.464 | 7.034 | 1549 | 114.7| 140.5
18 17:20:10 | 228.7| 1804 | 1.709 | 151.7| 300.7| 0.433| 6.882| 15.52| 115.7| 140.5
19 17:32:08 1974 | 198.7 | 1.358 | 119.5| 2554 | 0.525| 6.805| 4532 | 1549 | 1154
20 17:58:50 182 | 189.1| 1.968 122 | 258.5 05| 7.904| 1479 | 4895 | 77.82
21 18:08:32 | 215.2 | 222.5| 2.106 | 1425| 285.1| 0.452 | 8.041 | 15.05| 74.71| 77.79
22 18:18:21 | 212.3| 226.2| 1.816 | 142.2| 280.9| 0.391| 8.377| 13.69| 75.36 77.8
23 18:28:59 | 208.9 | 223.3 | 1.556 158 | 298.7 | 0.403| 7.339| 1219| 7748 | 1299
24 18:38:54 | 198.3 | 213.9 | 2.045 151 2984 | 0482 | 7.141 | 12.45 78 136
25 18:48:22 190.2 | 184.2| 1.572| 110.9| 2489 | 0409 | 6.729 | 9.277 | 15.38 77.1
26 18:58:07 | 208.1 | 213.7| 2167 | 1289 | 2878 | 0.488| 7.156 | 11.43 59.2| 77.84
27 19:07:31 | 220.9 | 2059 | 1.617 | 129.8 | 266.3 | 0.427 300 | 8.011| 15.49 | 139.2

mysgl? select * from odor_data where
+

| 281586031468 1
| 201586031411 |
i 281586831421 |
| 281586831432 |
| 201586031443 !
i 281586831453 |
| 2815868315685 |
| 281586831515 !
i 281586831529 |
| 281586831542 |
! 281586831553 !
| 201586031605 !
| 281586831617 |
| 281586831629 |
| 201586031639 |
i 281586831658 |
| 2815868317689 |
| 281586031728 !
i 281586831732 |
| 281586831758 |
| 281586031868 !
i 281586831818 |
| 281586831828 |
| 281586031838 |
| 201586031848 |
| 281586831858 |
| 281586831967 |

27 rows in

set (B.B0 sec)

IO NN AN E®

substringCODATE,.1,.8> = "281586B3° ;

ISR EE

1232.38 !
P 167.30
i 212.28 1
i 227.28 |

i 198.58

i 228.18 |
P 173.86 |
I 287.168 |
PO75.87 1
| 219.86 |
| 228.60 |
i 228.80 |
| 181.68 |
| 234.68 |
i 135.50 !
i 148.80 |
| 226.18 |
| 138.48 |
i 198.78 |
| 189.18 |
| 222.58 !
i 226.20 |
1 223.38 1
1213.98 !}
i 134.20 !
P 213.78 |
| 285.98 |
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3 3.26. 2015.06.11. SD Cardell A& dlolH

Z
o

Time MO1 | MOZ2 | MO3 | MO4 | MO5 | MO6 EO1 EO02 El4 P01

16:37:43 | 262.4 | 277.7| 1.434| 179.5| 341.9| 0.47| 8.652| 311.5| 327.8| 265.3

16:49:55 | 221.8 220 177 | 1776 | 336.2| 0421 | 7.782| 186.2| 327.4| 265.3

17:01:40 | 201.9 | 202.1| 1.587 | 163.1| 327.1| 0.421| 7.523 | 140.5| 326.6 | 260.8

17:11:54 | 191.9 | 191.9 | 1.648 | 158.1 | 320.6 | 0.427 | 7.248 135 | 310.9 247

17:23:20 | 228.1 | 181.4| 1.678 | 141.4| 306.1 | 0.446 | 7.248 | 74.81 | 139.3| 140.5

17:33:33 | 230.4 | 220.1 | 1.617 | 151.7| 3158 | 0.427| 6.744 | 77.12| 196.5| 188.6

17:44:32 | 176.9 | 173.1 | 1.602 | 147.2| 310.9 | 0.385| 6.561 | 76.86 | 139.5| 180.1

RO N[Ol x| I

17:54:39 | 174.1 170 | 1.663 | 98.14 | 264.7 | 0.397 | 6.546 | 13.66 300 | 64.59

9 |18:05:00 | 204.6 | 216.4| 1.785| 110.6 | 277.3| 0.415| 6.653 | 15.32 | 53.15| 69.84

10 | 18:14:42 | 197.1 | 216.2| 1.633 | 107.2| 271.5| 0.385| 6.866 | 15.3| 58.78 | 62.62

11 | 18:24:28 | 211.5| 209.7| 1.526 | 109.4 | 274.2| 0.476| 6.851| 133.3| 60.5| 66.79

12 1 18:34:50 | 2174 | 221.9| 1.755| 140.9 | 303.2| 0.482| 6.76| 58.82 | 135.9| 140.4

13 | 18:44:30 | 215.2 | 183.1| 2.09| 1414 | 300.8| 047 | 7.126 | 52.7| 132.2| 139.9

14 | 18:55:02 | 205.4 | 238.8| 1.816 | 148.5| 304.4| 0.439| 7.278 | 52.8| 185.7| 140.3

15 119:05:45 | 2158 | 225.5| 1.74| 1476 | 303.4| 0.409| 7.385| 49.55| 136.2| 140.2

+here substring(ODATE.1.8> = '281568611";

| 2081586111637 |
i 201586111649 |
| 2081586111781 !}
| 281586111711 |
| 2081586111723 |
i 2081586111733 |
| 201586111744 |}
| 281586111754 |
i 2081586111885 |
i 281586111814 |
| 201586111824 |}
| 2081586111834 |
i 201586111844 |
1586111855 |

'

-~

e i R

TEOEOEEEEEEEEEE
FalmeslRgouwnbdB

1% 3.62. 2015.06.11. 4¥ ] Databasecl| 41 <13+ H o] E
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3£ 3.27. 2015.06.12. SD Cardell A 7= o] ¥

NO Time MO1 MO02 MO03 MO04 MO05 MO06 EO1 E02 El4 P01
1 131546 | 2164 | 2282 1694 | 201.1| 3575 | 0.433| 8.698 | 304.6 | 327.8| 265.3
2 | 15:16:13 206 | 208.5| 1.572 ] 193.5| 354.9| 0.458 8.85 | 241.7 | 326.5| 265.4
3 | 152741 | 1979 | 2152 | 1801 | 169.3| 3325| 0452 | 8087 | 131.1| 319.5| 2653
4 | 15:37:45 | 2039 | 2103 ] 1.999| 179.7| 333.5| 0.439| 8.057 138 | 323.3 | 265.3
5 | 15:48:36 | 194.6 186 | 1.984| 1485 | 317.6 | 0.452| 7.706 | 78.03 | 140.2| 202.5
6 | 15:59:07 | 2085 2045| 1907 | 1605 | 327.1| 0.488| 7.507 | 88.52| 1829 | 236.8
7 | 16:10:06 | 196.1 | 213.1 177 | 1649 | 326.7| 0.464| 7294 | 7774 | 1741 | 2417
8§ |16:21:17 | 206.7 | 222.7| 1.678| 168.6 322 | 0446 | 7.172| 70.36 | 1349 | 243.8
9 ]16:32:15 | 2153 | 2206 | 1938 | 2051 | 345.1| 0476 | 7.324 | 140.2| 3128 | 265.3
10 | 16:44:28 | 209.7 | 183.1| 1.953 | 206.2| 342.1| 0.458 | 7.401 | 136.4| 256.8 | 265.3
11 | 16:96:25 | 220.1 | 176.4| 1.755| 213.8| 340.7| 0.427| 7.416 133 | 201.4| 265.3
12 | 17.07:57 | 233.2| 221.1| 1923 | 199.5| 331.8| 0391 | 7.339| 7707 | 1182 | 2653
13 | 17:18:56 | 243.4| 2103 | 1.709 | 149.9 | 286.1| 0.433| 7.523 | 55.13| -47.02 | 112.2
14 | 17:31:07 | 267.2| 2722 | 1953 | 1629 | 303.7| 0.403| 8163 | 61.14| 1262 | 1134
15 | 17:42:41 | 233.8| 2006 | 1.709| 146.3| 285.9| 0.439| 7.751 14.3 | 266.7| 78.03
16 | 17:55:44 | 251.1 | 271.9 2.06 | 163.2| 3034 | 0446 | 8.224 | 14.98| 15.26 | 1174
17 | 17:59:02 | 2625 | 273.4| 2.747| 151.6 | 251.3| 0.403| 3.113| 69.17| 7436 | 77.26
18 | 18:09:38 | 187.1| 1809 | 1.709 | 120.3 251 | 0464 | 7.217 154 | -46.99 73.1

ODATE

i 201586121315 |
P 201566121516
P 201566121527 |
i 201586121537 |
| 201586121548 |
i 201586121559 |
i 201586121618 |
P 201566121621 )
P 201566121632 |
| 201506121644 |
| 201586121656 |
i 201586121787 |
i 201586121718 |
P 201566121731 )
P 201566121742
I 201586121755 |
I 201586121759 |
i 201586121889 |

in

set (@.600 sec)

19 3.63 2015.06.12. A1¥ 2] Databasell A
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3£ 3.28. 2015.06.13. SD Cardell #7% ©o]¥

NO Time MO1 | MOZ | MO3 | MO4 | MO5 | MO6 | EO1 | EO0Z2 | E14 | POl
1 | 12:00:21 | 210.3 | 223.3 | 1.953 | 155.7 | 320 | 0.372 | 9.277 | 126.2 | 238.6 | 178.8
2 | 12:11:53 | 213.8 | 178.2 | 2.06 | 1544 | 318.9 | 0.446 | 8.514 | 74.83 | 236.3 | 187.6
3 | 12:25:18 | 131.8 | 103.7 | 1.663 | 93.74 | 238.3 | 0.415 | 8.316 | 6.393 | 15.55 | 77.64
4 | 12:35:55 | 223.7 | 263.2 | 1.846 | 156.2 | 319.4 | 0.5 400 | 78.05 | 186.9 | 177.5
5 | 12:46:49 | 143.6 | 99.11 | 1.74 | 75.03 | 208.4 | 0.47 | 7.95 | 13.02 | 14.95 | 61.11
6 | 12:59:05 | 196.9 | 174.3 | 1.816 | 108.9 | 261.2 | 0.488 | 8.713 | 12.27 | 15.18 | 77.32
7 | 13:10:49 | 216.3 | 224 | 1.526 | 145.5 | 310 | 0.47 | 8.041 | 53.82 | 111.6 | 134.7
8 | 13:23:20 | 213.5 | 1824 | 1.816 | 134.8 | 304 | 0.494 | 7.599 | 15.56 | 76.68 | 126.8
9 | 13:34:02 | 205.5 | 158.7 | 1.755 | 113.8 | 266.5 | 0.476 | 7.278 | 33.37 | 1546 | 78
10 | 13:47:21 | 204.3 | 178.9 | 1.602 | 106.2 | 251.7 | 0.372 | 7.904 | 9.476 | 15.4 | 77.47
11 | 13:57:42 | 144.9 | 152.4 | 1.831 | 99.9 | 239.3 | 0.458 | 8.148 | 10.6 | 15.53 | 77.22
12 | 14:11:41 | 132.7 | 168.5 | 1.709 | 77.02 | 221.3 | 0.513 | 8.087 | 15.41 | 15.47 | 67.93
13 | 14:23:12 | 226.3 | 204.2 | 1.556 | 122.5 | 273.7 | 0.439 | 8.24 | 15.49 | 15.43 | 112.8
14 | 14:34:33 | 210.2 | 219.4 | 1.816 | 129 | 288.3 | 0.452 | 8.194 | 15.56 | 69.06 | 120.5

! 201586131208 |
! 201586131211 |
i 281586131225 |
281506131235 |
281506131246 |
281506131259 |
! 2015606131348 |
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! 261586131334 |
! 2081586131347 |
i 201506131357 |
| 201506131441 |
281506131423 |
281566131434 |
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3£ 3.29. 2015.06.18. SD Cardell A 7= t o] ¥

NO | Time MO1 MO02 MO03 M04 MO05 MO06 EO0]1 E02 El4 P01
1 | 11:00:36 | 2824 | 278.8| 1251 | 196.2| 3528 | 0.464| 7.843| 316.7| 3278 | 2654
2 | 11:12:02 227 2209 | 1373 | 165.8 328 | 0.531| 7.065 | 77.76 264 | 2654
3 | 11:23:50 | 2281 | 229.7 | 1.236 | 190.6 351 047 7248 | 311.7| 3256 | 2654
4 |11:35:26 | 211.2| 2184 | 1.129| 1822 | 343.8| 0482 | 6.943| 309.7 | 325.2| 2654
5 | 11:47:05| 2704 | 279.2| 1129 | 163.1| 3169 | 0.458 | 7.065 od.2 | 78.06 257
6 | 11:49:59 | 255.7| 3135 | 1.236| 1323 | 2543 | 0.464 100 | 48.78 | 77.59 | 189.6
7 113:07:32 | 267.3 233 148 | 1759 | 3446 | 0476| 9.171| 200.7| 302.2| 2654
8§ | 131843 | 213.2| 2136 | 1617 | 1706| 3348 | 0.452| 8377 | 186.5| 2644 | 265.4
9 | 13:29:23 218 | 2279 | 1.389| 166.3| 335.2| 0.403] 7.965| 182.3 253 | 2654
10 | 13:42:07 | 188.4| 1894 | 1.846| 151.9| 316.7| 0488 | 8.362 775 2333 | 246.5
11 | 13:44:59 | 2247 | 243.1| 1663 | 110.3| 238.8| 0.464 | 4227 | 73.94| 1244 | 129.2
12 ] 14:06:52 | 10.68 | 8.072 | 1.968 | 22.06 | 51.09 0.58 | 10.15| 13.44 | -4822| 11.14
13 | 14:19:37 | 25.01 | 2257 | 1.892| 2214| 5045 | 0.452| 10.85| 1517 | 133.3| 7.462
14 | 14:30:53 | 2718 | 26.26 | 1.709 | 2278 | 50.65| 0433 | 11.23| 13.78 | 8.652 | 7.065
15 | 14:43:37 | 2156 | 21.76 | 1.724| 2495| 33.86| 0494 | 11.37| 1062 | 333.3| 6.744
16 | 14:56:48 | 16.25| 15.78 | 1.526 196 | 3158 | 0507 | 9.964| 9.216 | 15.37| 6.638
17 | 15:11:31 | 20.42 | 20.49 | 1.633 24 | 34.23 | 0.549 114 7.507 | 15.52 | 6.607
18 | 15:33:24 | 266.6 | 2653 | 1511 | 1674 | 337.9| 0452 | 9.247| 1341 | 303.2| 253.9
19 | 15:44:17 | 189.8 | 203.5| 1.648| 159.5| 315.8 047 | 8713| 78.02| 200.3| 202.6
20 | 15:57:10 | 210.1 209 1771 1759 | 331L.7] 0391| 9.216 | 136.6| 201.9| 265.1
21 | 16:12:27 201 200 | 1.678| 162.7 | 326.1 047 | 8301 | 112.3| 140.4 | 202.7
22 | 16:23:56 58.9 | 2835 | 2121 | 4186 | 107.7 | 0348 | 7.401| 13.11 | 433.3| 15.09
23 |16:34:26 | 8163 | 68.77 | 2136 | 35.01| 90.31 0.47 | 1007 | 14.77 | -1.755| 8.881
24 | 16:44:47 | 42.02 | 35.03| 1.755| 23.96| 6053 | 0.519| 9.476| 10.83 | -7.339| 8.011
25 | 16:47:48 | 82.37 82.2| 2014| 36.76| 95.67| 0.464| 11.12| 1466 | 9.689| 8.484
26 | 17:16:03 | 92.73 | 85.86 | 2.426 522 1979 | 0.458| 10.73 154 | 1497 | 1537
27 | 17:20:35 | 108.3 | 99.12 | 2594 | 49.63| 1714 | 0.378 11.6 154 77.7| 15.43
28 | 17:25:26 | 106.1 | 1148 | 2.197| 3435| 1334 | 0452 | 10.85| 1538 | 77.35| 15.46

i 201586181188 |
| 2915086181112 |
| 291506181123 |
| 2091506181135 |
| 201586181147 |
i 2091506181149 |
| 291506181387 |
| 2091506181318 |
| 201506181329 |
i 2091506181342 |
| 291506181344 |
| 281506181486 |
| 201506181419 !
i 281586181438 |
| 291506181443 |
! 201506181456 |
i 2015086181511 !
i 281586181533 |
| 291506181544 |
I 281586181557 |
| 2015086181612 !
i 201586181623 |
| 291506181634 |
| 2815086181644 |
| 201506181647 |
i 201586181716 !
i 281506181
| 2815086181
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3£ 3.30. 2015.06.19. SD Cardell A 7= © o] ¥

NO Time MO1 MO02 MO03 M04 MO05 MO06 EO1 EO02 El4 P01
1 9:25:35 256.8 2241 1358 | 179.1 | 346.3| 0.873 | 8.667 | 199.2| 326.2| 265.4
2 9:36:11 205.1| 203.3| 1.602| 1704 | 3334 | 0873 | 7.751 78| 320.7 | 265.1
3 9:46:39 208.9 | 2055 | 1.617| 1736 | 3346 | 0867 | 7.431| 1255 | 323.6 | 264.9
4 9:57:38 2045 | 226.7| 1541 | 189.5| 341.1| 0922 | 7.339| 1828 | 3231 | 265.3
5 10:08:25 2154 | 2214 2136 | 198.2| 3414 0934 | 7.294| 140.3| 325.9| 265.3
6 10:19:46 210.1| 2104 | 1.968| 1935| 337.2| 0854 | 7.126 | 138.4 | 304.2| 265.3
7 10:30:11 2171 | 221.5| 1648 | 204.8| 343.7| 0879 | 6.866 | 137.3| 311.2| 265.3
8 10:40:24 2045 | 1773 | 1724 | 200.5| 340.5| 0818 | 6.882| 138.1| 311.5| 265.3
9 10:52:35 195.7 | 171.2| 1.602| 191.8| 339.1| 0.873| 6.927| 1374 | 2355| 2653
10 | 11:04:33 198.3 | 223.1| 1617 | 1759 | 3317 094 | 7.156| 1341| 139.2| 2653
11 | 11:15:53 2145 2124 | 1602 | 1823 | 3341| 0861 | 6.882| 1299 | 140.5| 2654
12 | 11:18:28 279.6 | 275.2 2.09 | 1753 | 2329 | 0.854 | -9.827 | 201.9| 3279 | 214.6
13 | 14:25:50 167.3 | 162.6 | 1968 | 149.2| 316.1| 1373 | 8.835| 56.43 179 | 140.5
14 | 14:28:26 24741 264.8 | 2136 | 1509 | 228.2| 1617 | -2.609 | 15.52 | 317.7| 140.5
15 | 14:38:47 169.6 | 1649 | 1.434| 151.7| 309.9 1.27 | 7.431| 47.96 | 200.9| 140.4
16 | 15:05:24 237.1 240 | 1.648 | 219.5| 353.5| 1.349 8.24 | 1849 | 3256 | 265.3
17 | 15:07:52 2878 | 301.6| 2274| 1727 | 221.7| 1331 | -4974| 7771 | 3203 | 265.3
18 | 15:36:22 224.5 227 | 2151| 2085 | 351.5| 1.746| 8.133| 1194 | 2626 | 2653
19 | 15:51:29 20.89 | 26.55| 1.831| 20.66 | 61.76 | 1514 | 8.087 | 54.57 | -7.889 | 13.26
20 | 15:54:04 32.15| 32.64| 2.136| 19.62| 43.03| 1501 | 8.606 | 7556 | 4.044| 8.087
21 | 16:03:29 25.1| 1958 | 2.045| 23.83| 5352 | 1495 | 10.82 | 13.17 | -9.537 7.95
22 | 16:14:47 2729 | 2539 | 1938 161 | 314.6 | 1.379| 9.399 | 1546 | 73.59| 2029
23 | 16:27:49 268 | 269.6 | 2.121| 187.7| 341.5| 1.349| 9.064 77.5| 20644 | 2653

| 281586198946
i 281586178957 |
| 281586171088 !
'
{

158617

i

| 281586191184 |
i 281586171115 |
t 281586191118 §
| 281586171425 |
i 281586191428 |
| 281586191438 !
i 281586121585 |
t 2815861915687 |
i 281586171536 |
| 281586191551 ¢
i 281586171554 |
i 281586121683 |

23 rows in

15B6191614 |
281586121627 |

set {B.BO sec?

a i
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i 224.80 |
i 283.38 |

1 285.58 1 1.

i 226.78 |

1 221.48 |} 2.

i 218.48 |
i 221.58 1
P177.38
P171.28 1
3@ | 223.18 | 1.
i 212.48 |

1 275.28 1 2.

i 162.68 |

i 264.88 | 2.
P 164.98 1 1.

i 248.88 |

! 381.68 1 2.

i 227.88 |

i 26.55 | 1.83 |

i 32.64 |
i 19.58 1

1 253.98 1 1.

_88_




5. AR Fr] =g 100 ol FHNZL 5 Qe AAY FHYA A
71 AA e A A

AEe GE BEE F/HAA G Bl U@ AMe] WA Eolr] S8 1Y 367%
g Awstdch wgvlE AAG R Pl ;

7hEA S =dsta AAse] A88 Ao vkl (F 20C)H/7HA @2 A= <

X
9l Wzt Systeme A G3te] AAe] BX F PR OF Ax wsH Bk 8 AW 3
1e QWA
grlgde] 22& 95 AW &7l0) ARGAE B3 W= HE ol gate] 1AL a9
o, oju AT 71A Heje] Fr|EHAL MM E B35l Head Spacey 4oz A3}
Atk ®EJE Water Cooling System®] =908 F=9 Gasell ¥ E3FS7(F)E AASt
1 7hEE Gasel £EE WAAA MAR FUFORA £E D o] o AN $HBE
& PASD SHoAE Has Sk
T prre
e S
E GAS Line out E
£
§ Main ¥4
Azl =e
Heater - - :@-
Grundfos Up Tmpailex
UP(S)—N Series +EA44
1/4 Tube o b =
o T e 5 — 5 ki
27 Speed CoutrolJ
Healer % CDquo]
% 3.67. 12 AA T A=A A&
U Agdy g a2
% 3.67 o AAYFAE &Estd AT wWFAA V4x7]Y FrAES SAHEUES
wf Axpsiel] A8H 12709 AA F 7EFY A7 HEEAE Uedler 53] HEA

_89_



2l Zt2AAE dREe] HY EYXE B =3 127) A F Al AR A s w0
SRIERA] ggrom dH S-S HA AAN= & 270 EFPTHE 3.3D). 7] 1kdE AA
YRS GEFol o] AA S vhEA o= AP & &R ¥ESe= AXFR =2 Al
AE AT AAAZE] AR = FAH =3 A AT
# 331 AAY ZAAE HE&S AAF =4 SAHD)
MO1 MO02 M09 MO03 M04 MO05 P01 EO1 E04 E03 E06 E09
Zero | 0.203 | 1.299 | 0.000 | 0.182 | 0.574 | 0.368 | 0.070 | 0.357 | 0.263 | 0.368 | 0.263 | 0.242
1=} | 2.475 | 3.503 | 0.004 | 2.079 | 3.503 | 3.505 | 1.862 | 0.434 | 0.371 | 0.364 | 0.350 | 0.242
22F | 3.490 | 3.506 | 0.004 | 3.203 | 3.505 | 3.508 | 3.508 | 0.508 | 1.421 | 0.361 | 3.508 | 0.242
32k | 3.465 | 3.506 | 0.004 | 3.196 | 3.502 | 3.505 | 3.501 | 0.504 | 2.034 | 0.361 | 3.509 | 0.242
421 | 3.451 | 3.501 | 0.004 | 3.199 | 3.509 | 3.506 | 3.504 | 0.497 | 2.538 | 0.357 | 3.507 | 0.242
52F | 3.469 | 3.503 | 0.004 | 3.206 | 3.510 | 3.503 | 3.504 | 0.497 | 2.909 | 0.357 | 3.507 | 0.242
62} | 3.469 | 3.505 | 0.004 | 3.213 | 3.502 | 3.509 | 3.509 | 0.494 | 3.150 | 0.361 | 3.505 | 0.242
72+ | 3.479 | 3.506 | 0.004 | 3.217 | 3.508 | 3.504 | 3.505 | 0.490 | 3.325 | 0.357 | 3.502 | 0.242
82 | 3.483 | 3.505 | 0.004 | 3.227 | 3.501 | 3.510 | 3.507 | 0.487 | 3.434 | 0.357 | 3.502 | 0.242
92 | 3.490 | 3.501 | 0.004 | 3.231 | 3.505 | 3.503 | 3.507 | 0.483 | 3.500 | 0.357 | 3.506 | 0.242
102} | 3.493 | 3.508 | 0.004 | 3.238 | 3.507 | 3.508 | 3.509 | 0.483 | 3.503 | 0.357 | 3.503 | 0.242
11x} | 3.497 | 3.506 | 0.004 | 3.241 | 3.503 | 3.510 | 3.503 | 0.483 | 3.501 | 0.357 | 3.505 | 0.242
12} | 3.500 | 3.506 | 0.004 | 3.245 | 3.504 | 3.504 | 3.505 | 0.480 | 3.506 | 0.357 | 3.504 | 0.242
132} | 3.505 | 3.506 | 0.004 | 3.248 | 3.509 | 3.504 | 3.510 | 0.480 | 3.504 | 0.357 | 3.510 | 0.242
14} | 3.500 | 3.506 | 0.004 | 3.252 | 3.505 | 3.510 | 3.508 | 0.483 | 3.501 | 0.357 | 3.509 | 0.242
152} | 3.505 | 3.506 | 0.004 | 3.252 | 3.505 | 3.510 | 3.506 | 0.483 | 3.504 | 0.357 | 3.505 | 0.242
16} | 3.500 | 3.501 | 0.004 | 3.252 | 3.506 | 3.502 | 3.508 | 0.483 | 3.500 | 0.357 | 3.504 | 0.242
17} | 3.504 | 3.507 | 0.004 | 3.255 | 3.505 | 3.503 | 3.507 | 0.483 | 3.479 | 0.357 | 3.510 | 0.242
18} | 3.501 | 3.509 | 0.004 | 3.259 | 3.509 | 3.510 | 3.510 | 0.483 | 3.434 | 0.354 | 3.501 | 0.242
19} | 3.504 | 3.507 | 0.004 | 3.266 | 3.505 | 3.507 | 3.503 | 0.483 | 3.434 | 0.357 | 3.506 | 0.242
20=F | 3.505 | 3.501 | 0.004 | 3.269 | 3.507 | 3.509 | 3.506 | 0.480 | 3.413 | 0.354 | 3.504 | 0.242
LISy A A X 0 A 0 O A X A X
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U2 fFdE AAHAAE T3l TAE Gas FelEZo] FgAE Aoz AddAn)
olA Y 1x AATZA AAFS A F2, FF Ve E 239 T Y Vlses F
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MO1 | MO2 | M09 | MO3 | MO4 | MO5 | POl EO1 E04 EO03 EO06 E09
Zero | 0.168 | 1.299 | 0.000 | 0.135 | 0.439 | 0.305 | 0.070 | 0.337 | 0.188 | 0.294 | 0.203 | 0.207

1#F | 1.980 | 2.873 | 0.004 | 1.782 | 3.210 | 3.509 | 1.436 | 0.384 | 0.329 | 0.322 | 0.350 | 0.214

22k | 3.290 | 3.501 | 0.004 | 3.203 | 3.510 | 2.848 | 3.504 | 0.377 | 1.015 | 0.309 | 3.503 | 0.173

32k | 2.772 | 3.086 | 0.004 | 2.648 | 2.732 | 3.292 | 3.304 | 0.360 | 2.034 | 0.350 | 3.503 | 0.173

4z} | 2.958 | 3.306 | 0.004 | 2.376 | 3.128 | 2.835 | 3.507 | 0.497 | 1.813 | 0.337 | 3.505 | 0.207

52F | 3.469 | 3.506 | 0.004 | 2.565 | 3.323 | 3.506 | 3.189 | 0.483 | 2.576 | 0.286 | 3.318 | 0.186
62F | 2.577 | 2.981 | 0.004 | 2.754 | 3.015 | 3.170 | 3.506 | 0.409 | 2.880 | 0.278 | 3.508 | 0.221
72k | 3.181 | 3.205 | 0.004 | 2.481 | 2.513 | 3.170 | 3.186 | 0.448 | 2.850 | 0.326 | 3.432 | 0.193
82k | 2.786 | 3.097 | 0.004 | 3.043 | 2.708 | 2.938 | 3.422 | 0.487 | 2.551 | 0.296 | 3.502 | 0.173
9xF | 3.490 | 2.989 | 0.004 | 2.584 | 3.015 | 2.825 | 3.425 | 0.483 | 3.300 | 0.326 | 3.507 | 0.207
102} | 3.094 | 3.504 | 0.004 | 2.868 | 3.509 | 3.505 | 3.189 | 0.414 | 3.343 | 0.286 | 3.508 | 0.200
11%} | 3.097 | 2.770 | 0.004 | 2.963 | 2.608 | 3.507 | 3.071 | 0.359 | 3.057 | 0.296 | 3.504 | 0.193
12} | 3.400 | 3.105 | 0.004 | 3.059 | 2.608 | 3.508 | 3.507 | 0.356 | 2.853 | 0.306 | 2.974 | 0.179
13%} | 3.508 | 3.105 | 0.004 | 3.062 | 2.714 | 2.922 | 2.953 | 0.466 | 2.548 | 0.275 | 3.186 | 0.221
14} | 3.000 | 3.330 | 0.004 | 3.159 | 3.313 | 3.363 | 3.071 | 0.469 | 2.634 | 0.306 | 3.432 | 0.173
15} | 2.503 | 2.775 | 0.004 | 2.323 | 2.610 | 3.510 | 2.950 | 0.373 | 2.533 | 0.296 | 3.506 | 0.228
16} | 3.400 | 2.997 | 0.004 | 2.601 | 2.808 | 3.122 | 3.504 | 0.442 | 3.400 | 0.275 | 3.503 | 0.179
17} | 2.505 | 3.508 | 0.004 | 2.883 | 3.009 | 3.510 | 3.502 | 0.373 | 3.380 | 0.255 | 3.318 | 0.186
18} | 2.903 | 2.778 | 0.004 | 2.793 | 3.407 | 3.501 | 3.186 | 0.455 | 3.139 | 0.263 | 3.186 | 0.173
192 | 2.610 | 3.000 | 0.004 | 2.426 | 3.009 | 3.447 | 3.502 | 0.483 | 2.453 | 0.337 | 3.505 | 0.193
20=F | 2.610 | 3.000 | 0.004 | 2.615 | 2.708 | 3.000 | 3.510 | 0.438 | 2.633 | 0.293 | 3.203 | 0.235
Llsy 0] 0] X @) 0] 0] A O ) X A X
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Sensor Volt

Sensor Volt

Sensor Valt

Sensor Vaolt

—M01 ——MO02 - -MO03 Mo4 MO5 = M09

MO1 MO2 MO3 MO04 MO05 M09
1507 2661 1208 2147] 1623 325
1238] 2134] 0999 2013[ 1251 2728
1197] 2066] 0953 1981] 1196] 2751
1138] 1977 0952] 1967] 1143] 2674
1124] 1862 092 1938 107] 2625
To41]  2.140]  1006] _ 2000] 1257  2.806|
0156] 0309 o0116] 0082 0215 0253

12550]  14418| 11542|  4062| 17.146]  9.025

Ll

MO1 M02 MO03 MO04 MO5 M09
1.63 3.214 1.283 2118 1.847 3.629
1.59 3.167 1.25 2.032 1.794 3.614
1.575 3.139 1.238 1.995 1.772 3.608
1.567 3.118 1.231 1.969 1.757 3.603

1.558 31 1226 195 1,744 3.599

' 1.58 3.15 1.25 201 178 361
e 0.03 0.04 0.02 0.07 0.04 0.01
0 179 0.00 1.83 3.30 227 0.32

—f)] s—f] e—f0d EQS = E()Y 10

E01 £03 E04 E05 E09 E10

13F 008s| 0007 o0246] 0677 1421 0171
o 24t 0051 o0.008] 0181 o482 1128 0131
iy 34F 0061] 0009 0185 047 0951 0127
' axf 00ss| 0007 0155] 0444 0815 0121
. St 0.06 0.009 0.146 0397 0.716 0.119
& AVG 0063 0008 0179 0494 1006] 0134

SD 0013 0001 oo40l o0107]  o0279] o021

3B 20969 17653l 22314l 21736 27899 15946

E01 E03 E04 E05 E09 E10

1 14} 0.069 0 0125 1202 0.7]] 0.222
08 2Kt 0.043 0 0117 1102 0.751 0.207
e 34t 0.041 0 0112 1063 0.745 0.202

4%t 0.043 0 0109 1033 0722 0.198

a 5K} 0.037 0 0107 1015 0.693 0.196

02 e ki e Hed Ee G Ehd
i & [|eB 0.01 0.00 0.01 0.07 0.02 0.0]]
%6RSD 2647 0.00 6.33 6.85 333 507

a9 371 AAE el whE A7]stehy - Fol 23k Al o] Testd

A HA2E A% AAe Anpd

UM AT A3E EOQE2 B AFA AEg AAFSensor type)e] FHIAHE FEF27
AstE fsle AgAEE0~6 g, 2 F 471 HAAE £7]025 L, 05 L, 1L, 1.6 L &
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7Dell tie BB 7E = WFAA S} FAAR 9] FuA el

o Axg AXE HHFEr] 95 571x dEe AAE A2 vln B9 dxE #F

A& AHgstel vl griet Ad, A FFol BAGlel FYF] B2 4 L bottlext 100 mL
o mL liquid bottlee A
o

[e]
[s) =
ASEE Helom, BAXZre] Aol weh sleleks AX FEo B4
(©)

ftlo
Hir
o
N, d
H
&lr
N
N

k)

l

H.U -
>,
il
Y
i
o
L
i1z}

wEel AEg A 23S selstyich RHNL o) &
B Ao WEA wek gHEE A T 9N TES BHRS A BB
1000 o A= HAste] BASAL, FHANS o g3l PX F/NE BAE A9/ 1oL

&3}
liquid bottle®tt B @& ZEEE HetdS & =+ AATH

[e) L
2 u= bl - —
o, A A8e A%, WEAY AME AHY FAsk AA o] FelHA FolF
|

%

2l

2l E%th 53], M09¢t E09 A= 1Ee=e] AlgdE ¥3AdS
] AY-E F15A L, M01, M02, M03, M04, M052} 22 HET=A4] AlA 55 HAg
A BE vuwEA34 Y. GCMSeF GC type AAL=eo] H2] A} S-containing
compounds®} aliphatic hydrocarbons compounds’} x| FZH7IE 93 A ExZ &8 4+ 3
= 7FsA S gstAT % dE de FEAEE &838 F Ude =4 dis) 2o A
oz 78T & e AME FhHoE Hgste AMY ARz 45 HHE T A

ok,

£ 334 AAe gule] B MFAAY FrgE B
%] 2] A}
A A 3]
A B C D E

MO1 1.0034+0.00° | 0.9535+0.00° | 0.2566-+0.00¢ | 0.0410+0.00° | 0.7971+0.01°
MO02 1.1113+0.00" | 1.0546+0.00° | 0.7749+.01¢ | 0.1539+0.01° | 0.9096+0.00°
M09 0.0010+0.00° | 0.0010+0.00° | 0.0010+0.00* | 0.0001+0.00" | 0.0010+0.00
MO03 0.9338+0.00" | 0.8987+0.00° | 0.2128+0.00% | 0.0117+.00° | 0.7311+0.01°
M04 1.0023+0.00" | 0.9181+0.00° | 0.4473+0.01% | 0.05104+0.00° | 0.6882+0.04°
MO05 1.1092+0.00" | 1.0393+0.00° | 0.4695-+0.01¢ | 0.0197+0.00° | 0.8864+0.01°
P01 1.1802+0.00° | 1.1807+0.00° | 0.0678+0.00° | 0.0262+0.00° | 0.9007+0.04°
E01 0.1369+0.00" | 0.1389+0.00* | 0.0981+0.00% | 0.0981+0.00" | 0.1192+0.00°
E04 0.9457+0.03" | 0.1506+0.01° | 0.0768+0.00® | 0.0750+0.00° | 0.1081+0.00°
E03 0.1022+0.00" | 0.1199+0.00° | 0.1045+0.00° | 0.1042+0.00° | 0.1292+0.00
E06 1.1398+0.00" | 0.1482-+0.00° | 0.0750=0.00% | 0.0750=0.00° | 0.1280+0.00°
E09 0.0690+0.00 | 0.0690+0.00 | 0.0690+.0.00 | 0.0690+0.00 | 0.0690+0.00
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% 335 AAe Aol e F430H 9 v

A A2 A

= A B C D E
MO1 0.9976+0.00° | 0.9764--0.00° | 0.3679+0.01% | 0.0136+0.00° | 1.0018+0.00
MO02 1.0042+0.00" | 0.9937+0.00° | 0.9090+0.01¢ | 0.1945+0.00° | 0.9338+0.00°
M09 0.0010£0.00 | 0.0010+0.00 | 0.0010+0.00 | 0.0010+0.00 | 0.0010-+0.00
MO3 0.9594+0.00° | 0.9377+0.00° | 0.3033+0.00° | 0.0114=0.00" | 0.9589+0.00
MO04 0.8099+0.00" | 0.7917+0.00° | 0.5881+0.01¢ | 0.0744+0.00° | 0.6934+0.00°
MO05 0.9550+0.00" | 0.9236+0.00° | 0.6212+0.01¢ | 0.0192+0.00° | 0.8905+0.01¢
P01 1.1806+0.00° | 1.1808-+0.00% | 0.1429+0.00° | 0.0271+0.00° | 1.1808+0.00°
E01 0.1023+0.00° | 0.1052+0.00° | 0.0975+0.00% | 0.0980+0.00° | 0.1098+0.00
E04 1.1060+0.00" | 0.1689+0.01° | 0.0750+0.00% | 0.0774+0.00" | 0.1134-+0.00°
E03 0.1008--0.00° | 0.1038+0.00° | 0.1042+0.00° | 0.1039+0.00" | 0.1245-+0.00°
E06 1.1416+0.00" | 0.1422-+0.00° | 0.0810+0.00% | 0.0750+0.00° | 0.1446-+0.00°
E09 0.0690+0.00 | 0.0690+0.00 | 0.0690+0.00 | 0.0690+0.00 | 0.0690-+0.00

All values are mean=+SD.

A : 4 L bottle, B: 100 mL bottle, C :
a-d :

P<0.05 by Duncan’s multiple range test.

6. GUI

W] OS B T MH ZUE N

7} GUIS A 9]

Ely

1 mL bottle, D : Air pack I,
Means with different letters in the same row are significantly different at

GUI+= Graphlc User Interface®] <Fzlolt}, E 3 o] 2(Interface)= YEZ

o2 AAZE A
Z1ol| A

Holgh=

J5hs Rl A WASE WE tEAE
A" oletaE sk

g, Alastet,

s}8t golojt}. ThE 270
A 2.

Al

5= &ololth A7dAM A E o A = 5 Z)AIeke] HA, =

Mg ouste Ao 2ol HJGY. 44 Zetd ojRAe A IR AF

o] tistE T AZEJolE Tt

FestA 7

CEEEDE

# QE] ¥ o] ~(Graphic User Interface)= @ TItHE AL&A7E AAEE A7
o] YoAYe FYPstuA T u), BRI ZAHRE I5F o7 ALANA AT UEH
1}

o] 22 wati® GUIE Qe 01
ot} HlAE 7]ute] AF

=, GUI

WA

FE ey

S8 Ao

12 ATt

A ZEIZES] Q1B H o] =
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mEjofel A AZH o 7%
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E : Air pack Il
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B9} ARE FAogoY e5delt WA A4 HA22Y 5 B BAL sgo A
St AES TUY W) Y Fad REoE AFHo] GUIY A% Ee 840 FzhE o]
stk @A) R WA SFARANAE GUIE A AT

GUITH 845 5 95%E Gl A= e o Ee A o]
Aojstel] FoEX ZHAR d/EY BAAAY 4 & F Aok =T AEATVE A Z2A X~
Adg BAC B 4 =S BED 4 Hule|ag AE9E Ml YHLe meAxE

];@lg 1;_‘_ olq.

. GUIRA o] OS7) =k

=¥ AT A A" DA FAAIZE olFo] HE g Portable FA o2 A &E o ALE-A}
o] HE 93] WIinCE 7]%+2] 7.1 Inch X 2ady4 oz FA %o o)

(D wlstd

b X 5 A

AA AA= Systeme] ALES AW IH 3729 22 stdo] yerdth X9 TR A=
A 2ole HARE AYsto] AlFFEo=E olsd + JEF FASAH. 19 3.729 A
g AYstd &v7 M B wiFAA S} FAAXNE AY & 5 9113}( % 3.73). W FZA
of FAAA F FA3AA st AFS EXASA HA A '1 Az FEHY, M54, &8 7}
<+ = =
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M, Aze FFE2c AA FARA w59 FAR vhs, A4, Adse SAHAY
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BEA 2 2015/06/17 10507:52 Ver_1.2.00

1z FaERAro) |usea |
27 .
0.8
0.6
Ll
02
n.
b o o e e g e s s e i e e e e e |
Tamporatrs = 253 0 ol o2 04 ‘0S5 06 07 0E 09 1 Ll
——HNEWI —o—NEWZ = NEW3 - OLDI
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7 ' \ SIENAl 2F: 2015/06/17 10:07:52  Yer_1.2.0.0
iz '

FuE2APa) |mes4 |
772

Temperature = 23.3 2

+ ceries 3
107120 -
AR S0 @ il
. ] - Jale il L

e u
L)
- -
I:Ia .l-.--"'
(il
s
0351 =
10415 L L TP,
1044531 g > - 1'.
'1-. it | >
02 T R e e e o |-.1....';..1=“"-
T 1 D2 0 04 05 06 07 08 0% L1

o HEW]  —e—HEWZ = HEW3 —=—0LD

=HAME 0l =2e 2ol MEEH 2= ooy

19 3.78.

e

473t s
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(3 243

a9 3799 YelG A HES ZFYstH PasswordE Y He OKHES F+2H A% =7]
wwstHo] JepdtH(E 3.80). M.Times EHX|3tH A28l &9 TypeRHHZA, d&3A =
Ae)3} System AFS37d(Ambient, Stack), Zr SEW ZAHAZF & A9 & F Y. 1HY
3.819] D9l oA ES B A3l Setup 3tHCE o]F3tH @F F=W MTime AAFS A
A F AT

nnn.nnnﬂﬂxn,\l?r 2015/06/17 10:07:52  Ver_1.2.0.0
ylulifofe] ] REE=E

NENNEE0
e .

2

[ L -

Input Password?
‘xx:ﬁi ‘

— | ok | cear | canca |

Temperature = 0.0

28/120

=

=

a3 3.79. Password

3}

- "'-h-______‘___.____..—"
[ -]+ ]v] ]~
| ! § L ¥

T
3

251 — —series 2

+  series 3

0%

ﬁ Setup [ Setup System option |

O

Ol

Sensor

e
T/

Sensitivity

B Nawye

% 3.80. A %=7] Hlv
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Meas. Time [Setwp] =+ [M.Time]

System Operationtype  System Installation type
M onetimetype
BN conbtnuoustype

} Air

Lt'jd-‘lll-ll-iql. rl-..l.-

A "*' ydorinjection: IS Ib-‘.f'}

ater I""’I-“ F"“"l-b-h-----ll-lF"'.-

= ==
<Al @Al M <AHELAIZ> <FHEHAMZ>

I3 3.81. M Time AA3HA

Sensor [setup] — [Sensor]
Sensor Selction 7

Sensor

OAO00XRAANAAEL
oooDaoooaonoyg

o
F O
W O
P O
F O
iy f =
|
B B
3 B

<MiM HE> “:":“.'i_l*""i MER>

1% 3.82. Sensor AA3}H

1F 3.82& 24 3o SensorH{ & HAGHHE UEuE sHoR AARES AT o
AEo 2 AMAE QIASEE o 9lth Sensor infor @A FArE o] Q= AlAe
S wEH MM FgoR= On/Off AEE Bste HAT 4 U 2F

[‘
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Sensitivity S A€t 19 3.833 o] yEebdth AlA
A2t AlA o] W-gAdo] A Ee F7F StAS o
3.83).

ES AHT A ABOE NS
=

= TAsAtHHE

Ei4
shlaimel ]
shlamel3
shamels

chlamal s

% & 4l

7] 45F FAA3GT. 53] A9 Fu AR g IA 9FS v E A HAETH, B
g4, dd Axed= 8 o sto AAAAF YH oA S TSR AEFSA
g T3t &4 AR EFES AE, FE, 9EE AT F RS o ¥d A4
stdS 19 385 ~ 1% 3.89% B3 JERAT

s oAM= AA9] Az sH=} A TAE AJUlE= ahsta Ao, dE, g
Az e AL FMEARH A2 & JES TASAT. 4 IS 2YsH LA
SRR} A FAEEZAHPCA), AHEHTE Feol F4T F A=SE TSI AHE
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:’;;;Ei{'
ZIN-2

Az SEE

gEo|MEESI) O o > Y > gEYNy
e > |gumEssAw) > > UuAHiENE

n

R

W

HE SH 2|

BAHE SYE YL

s > By > TRER

198 WS, SRES 1ARMEI0] 2 WS M ZAWUS MM o) 0|SH 3 Mtk YHEMSENEOR Y 4. MY AE 11%0| 9 8~2447 59 Hel
HI7H §91E MR 7| BLH|7HY 58] HA Ofi= AREOLE 2 0|t} AlZH| S E

BT > 1A) > B

S M3 S 3C MM Y LOREU YN F 6.ZE YUS PH% 05 o B SN &5 7 23 FAUNENY S 2

I-4A T WAL BRI IZ BY
S @IS EAME

Scientec Lab Center co.,LTD

a9 3.85. A A= f#e] x| mQlEy

1
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227
A2

>3
AN Z ZHEY: HY

=AM 2015 |9 | o6 |”| 24 |2~ 2015 || o6 |2| 24 |2 B

S A|ZH MO01 | MO2 | MO3 | MO4 | MO5 | MO6 | EO1 | EO2 | E14 | POT1 | B3

2015/06/2412:50:30 | 191.3 | 150.8 | 4.791 | 109.7 | 109.7 | 0.055 | 4.791 | 191.3 | 109.7 | 150.8 | ¥S

2015/06/2412:55:30 | 211.3 | 205.4 | 8.859 | 134.1 | 134.1 | 0.067 | 8.859 | 211.3 | 134.1 | 205.4 | ¥=

2015/06/24 13:00:30 | 228.2 | 197.0 | 8.682 | 125.7 | 125.7 | 0.085 | 8.682 | 228.2 | 125.7 | 197.0 | ¥=
2015/06/24 13:05:30 | 206.3 | 218.2 | 10.16 | 223.6 | 223.6 | 0.037 | 10.16 | 206.3 | 223.6 | 218.2 | ¥=

2015/06/24 13:10:30 | 208.1 | 204.2 | 7.745 | 212.7 | 212.7 | 0.055 | 7.745 | 208.1 | 212.7 | 204.2 | ¥=

2015/06/2413:15:30 | 198.2 | 150.6 | 4.857 | 4.000 | 4.000 | 0.075 | 4.857 | 198.2 | 4.000 | 150.6 | ¥=

2015/06/24 13:20:30 | 208.4 | 202.8 | 6.485 | 186.2 | 186.2 | 0.054 | 6.485 | 208.4 | 186.2 | 202.8 | ¥=

2015/06/24 13:25:30 | 206.6 | 211.2 | 8.021 | 195.6 | 195.6 | 0.062 | 8.021 | 206.6 | 195.6 | 211.2 | ¥=

FHEEH(PCA)
A4 E21 A [1]:34.8[%]
1 +o Al 3120 71 [2]:92.7[%]
* A1 4 5120 7 [3]:99.9[%]
05 A E2A[1]):71.2[%]
20} &2 % [2]:68.1[%]
o el &2 A[3]:66.2[%]
0.5
T T T - EF T
0o 1 15

——NEWI —=—NEWZ <+ NEWS —+—0OLDI Pattern Result =

—+—0LD2 + 0LD3 o &EHAS HHEZA = 99.9[%]

Sp PAAIgEAE

Scientec Lab Center co.,LTD
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>Es
ANz SYED: B

=AM 2015 |9 | o6 |”| 24 |2~ 2015 || o6 |2| 24 |2 B

S A|ZH MO01 | MO2 | MO3 | MO4 | MO5 | MO6 | EO1 | EO2 | E14 | POT1 | B3

2015/06/2412:50:30 | 195.3 | 153.8 | 4.881 | 115.7 | 118.7 | 0.025 | 4.791 | 191.3 | 111.7 | 140.8 | ¥S

2015/06/24 12:55:30 | 221.3 | 210.4 | 8.841 | 136.1 | 139.1 | 0.061 | 8.859 | 211.3 | 138.1 | 225.4 | ¥=

2015/06/24 13:00:30 | 224.2 | 199.0 | 7.682 | 147.7 | 127.7 | 0.084 | 8.682 | 228.2 | 124.7 | 198.0 | ¥=

2015/06/24 13:05:30 | 256.3 | 221.2 | 11.16 | 275.6 | 224.6 | 0.037 | 10.16 | 206.3 | 220.6 | 212.2 | ¥=

2015/06/24 13:10:30 | 214.4 | 218.2 | 8.742 | 236.7 | 217.7 | 0.055 | 7.745 | 208.1 | 213.7 | 201.2 | ¥=

2015/06/2413:15:30 | 199.4 | 154.6 | 6.257 | 5.000 | 4.120 | 0.070 | 4.857 | 198.2 | 5.102 | 154.6 | ¥=

2015/06/24 13:20:30 | 214.4 | 217.8 | 7.485 | 187.2 | 182.2 | 0.052 | 6.485 | 208.4 | 181.2 | 202.8 | ¥=

2015/06/24 13:25:30 | 223.6 | 219.2 | 6.021 | 192.6 | 199.6 | 0.062 | 8.021 | 206.6 | 190.6 | 211.2 | ¥=

F4EE4(PCA)
e AI[1].98.30%]
- s 1443121 7 [2]:86 5[%]
0.5 o 814 2121 21 [3]:87 .3[ %)
22l S1207[1]:72 5[%]
4 2 2f €121 A1{2]:68.9[%]
05 2 =2 A [2]:68.7[%]
*
+&
i 09 ' 1 i 11

—NEWI —=—NEWZ2 ¢ NEW3 —#%—OLDI Pattern Resit =

——0LD2 + O3 o M2 HHESUA = 98.3[%]

Sp PAAIgEAE

Scientec Lab Center co.,LTD

1Y 3.87. A AAE oA dEEH
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> Y=
A2 BEY: YA A2

=AM 2015 |9 | o6 |”| 24 |2~ 2015 || o6 |2| 24 |2 B

S A|ZH MO01 | MO2 | MO3 | MO4 | MO5 | MO6 | EO1 | EO2 | E14 | POT1 | B3

2015/06/2412:50:30 | 214.2 | 152.8 | 4.141 | 201.7 | 109.7 | 1.055 | 5.781 | 193.3 | 117.7 | 211.8 | ¥S

2015/06/2412:55:30 | 217.1 | 211.4 | 6.852 | 234.1 | 134.1 | 4.067 | 8.879 | 218.3 | 141.1 | 275.4 | ¥=

2015/06/24 13:00:30 | 241.2 | 163.0 | 8.634 | 321.7 | 125.7 | 2.085 | 9.694 | 242.2 | 225.7 | 205.0 | ¥=

2015/06/2413:05:30 | 125.3 | 132.2 | 14.54 | 221.6 | 223.6 | 3.037 | 11.16 | 227.3 | 228.6 | 274.2 | ¥=

2015/06/24 13:10:30 | 224.1 | 222.2 | 9.945 | 214.9 | 212.7 | 4.055 | 8.945 | 254.1 | 219.7 | 295.2 | ¥=

2015/06/2413:15:30 | 184.2 | 177.6 | 6.857 | 4.451 | 4.000 | 2.075 | 6.757 | 207.2 | 4.450 | 201.6 | ¥=

2015/06/24 13:20:30 | 222.4 | 263.8 | 9.485 | 184.8 | 186.2 | 5.054 | 8.485 | 218.4 | 179.2 | 274.8 | ¥5

2015/06/24 13:25:30 | 207.6 | 245.2 | 6.021 | 295.6 | 195.6 | 2.062 | 9.021 | 247.6 | 241.6 | 241.2 | ¥=

FHEEM(PCA)
AT S AI[1]89 4[%]
. 03 A (8121 7[2]:88.3[%]
05 o 1443420 7[31:92.2[%)
N2 AI[1]:73.0[%)
g 22l 121 2)[2]):69.3[%)
s 22 €121 71[3]:67 5[ %]
+
4+
T T T T T 1
0.9 1 1.1

—— NEWI —=—NEW2 + NEW3 —s 0LDI Pattern Resut =

—»—0[D2 _+ OLD3 o SHA= MBI = 92,2[%]

Sp PAAIgEAE

Scientec Lab Center co.,LTD

19 3.88. AA AAE oA Fd AxE

o
2
2
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> EA A

[2Y &)

Y
227

A2

AzAM:| 2015 |9 | o6 |”| 24 |2~| 2015 |9 | o6 |B| 24 |2 |EE

wg+ | @y | wa | sus
e 0 0 0%

[t &4 ]

=AM | 2015 |9 | o6 |®| 17 |2~ 2015 |9 | o6 || 24 |2 EE

we+ | my | ws | sus
ufj 72 0 0 0%
[E2HEA ]

=AM 2015 |9 | 05 |”| 24 |2~ 2015 |9 | o6 |2 | 24 |2 B

dEs Y wa sas
&4 36 0 0 0%
= 284 0 0 0.35%

Sp PAAIgEAE

Scientec Lab Center co.,LTD
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7}. Solid Phase Micro-Extraction(SPME) 4}

A3l o & Solid Phase Micro-Extraction(SPME)® o] Z}3
Al Zpst AT B, &2, XstE = o] w3le] &A% Solid Phase Micro-Extraction
FAC &lE Fr=de F=o ol&HE A WHoE BAEAES AEA]

7]

o Al

st v o g2 =X H Fused silica fiberoll &&A1Z1 H GCeol FYUTE F3l EFA7]+=
A

HT Friede] FE2 AT W

NI
Lo
(0]

> B oE o

ZAslaxsls Edo] qFd ABRYd fiberE B H, Sample matrixel]l FolglE E4
%X—i%o] DA F2E ] At WY o =2t GColl fiberg FUITE o] wf fiberol
FREAYE EF@ S GC injectore] Lol o 7}%j g2tro] #Ao] AlZETh Solid Phase
Micro-Extraction ]2 o] F=HEE F5 3 w5 Alto] i Sampled] Loss7t & 2

o

7].;&} = ;é}

-

S
] SolventE AR&3A] o rma H¥ztel AT F3lsttts Aol Atk
A 2 AE3HA

Be G 5 Qs AR EgFolm, SHA FN7 Ba glof EF o] 3

7} ppting/AB =2 Eoh= Fo|t}

e b
ol

=

SPME®R}2lo] Alg-%= Fiber 7 % GageE X 3365 53] Lot «utxog 7%
FZdo AHEEE FRAAGHY AELS polydimethyl siloxaned} polyacrylate’t F& o] £H,

TS F=Y SmlY vialo] B2 o3 oF 1568 " 308 BE 40T oA = AolA =E3HA
A B0 ASo] wald 1A AR Z3A 7= Aew o 237} 955w SPME fiber
7} 20130 holders GCol F%o] A FUaha BAo] ARE T of 287 A B2
B B4o] oo 2t}
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3 3.36. SPME Fiber &/ % Gauge
Description Fiber gauge(Color)

75 #m Carboxen/polydimethylsiloxane 24(AA)
85 #m Carboxen/polydimethylsiloxane on a StableFlex fiber 24(3Hs)
100 #m Polydimethylsiloxane 24(%7})
65 1« m Polydimethylsiloxane/divinylbenzene 24(3}54)
65 «m Polydimethylsiloxane/divinylbenzene on a StableFlex fiber 24(F-%)
85 xm Polyacrylate 24(3A4)
7 xm Polydimethylsiloxane 24(%5)
30 «m Polydimethylsiloxane 24(=%)
65 «m Carbowax/divinylbenzene 24(5+%)
70 «m Carbowax/divinylbenzene on a StableFlex fiber 24(A =
50/30 «m DVB/Carboxen on PDMS on a StableFlex fiber 24(3]AY)
50/30 . m DVB/Carboxen on PDMS on a 2cm StableFlex fiber 24(3) A1)
60 .~ m Polydimethylsiloxane/divinylbenzene 24(2A)
50 xm Carbowax/templated resin 24(R.2h)

1}, Dynamic Headspace 2]

AAFED 2RSS A8 F2 AL e WHS A5 Headspaceol| A& AES &
HE B B3l da AFH 2o 7|4 E PurgingS 3, Acetonedt €2, dry ice SO0
ol = cold trapellA FrAPES TSt WHA =3 A ARE 8714 B 7HEE
the F719h @7 wiSshe VAR WAHe] BAAA AT O SWEA FEe ¥
¥ sol AT

AR o2 g AP ES o] EZJT Bk ofugl AR gl H[go] Wo| ARHE B
At o]zd THe Bty Yl HZ A 59 headspaced] UE Fn|AES 2 HEA 77
o E=<%isk= Dynamic headspace &Aool 7eEo] AL Tedtst= A F&3 HolH
g < 7 W =HAH

7}. Solid Phase Micro-Extraction(SPME) 4]

D A3
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W% D EFZAA thE Fu|AELS GC/MS(7890 gas chromatograph/5975 mass
selective detector, Agilent Co., USA)Z =A3gth v AdELS 32 Solid Phase Micro
Extraction(SPME)H & AF&-315 o™, nlafj gk A& & Head-space vial(20 mL, 22.5 mm*75.5 mm)
of H3 ta 40CeolA 300 rpme=zZ wwHstHEAl 30% F<F SPME  fiber(50/30 um
DVB/CAR/PDMS, SUPELCO, USA)oll &2HA1Zl & GCol Y3ttt =3 SPMEE o] &3 3&n)
AR F2x1 FAH3E fste] A530.1, 0.3, 05, 09 g WE Iz Y& B39
GC/MS®l| AF&3F A= & DB-5(0.25 mm*30 m, film thickness 0.25 pm)o]®, o]&3= electron
impact ionization(E) WS AF-&3}%th. lonization voltage®} ion source voltagee] &%=+ Z+7zt
70 eVe} 230C 2 AASH T MS 2712 SCAN mode®Z B =AW= 40~550 (m/2)= A
AotRa, SR A= 1S58 FUHP He)e AF&3ted 1 mL/min &= 433t GC/MS
Eoz7e NuAPS St HHRAzAL IdPatdon, EAzde ¥ 3373 Pt
) =

GC/MSell oJsf #8]¥ 7} 1= mass spectrum library(NIST08, WILEY 7N)oll =7 3}e] #4135}
AT

E 337 FHHE BHL 9% GOMS B4 =7

Parameters 2499 © 44 @

DB-5
(LD. 0.25 mm * Length 30 m, film thickness 0.25 um)

Column

Carrier gas He
Flow rate 1 mL/min
Injector temp.(C) 280 200
Detector temp.(*C) 250 250
GC/MS
40 (5 min) to 200 40 (5 min) to 200
Oven Temp.C . . . .
(10 min) at a rate of 5 C/min | (15 min) at a rate of 4 C/min
Injection volume 1 xL
Split ratio Split (20:1, 20 mL/min) Splitless
Run time(min) 47.00 60.00
Solvent delay(min) 3.00
Mass range(m/z) 40~550

2 4d2
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W F=A0 X9 FudE BAZAS HASSH] st G Azxd AAARY Y S &
)= 2712 GC/MS B z7A o2 HlwEA34th. SPME fiberE o]

(e}
bt
g3t I FuPdES BT 9, SPMEY Fr|AZE 32 5&S YA sl H5h
£ Fo| &4 HALGS AAsAH 4 A9, NRE 5
AR Fu RS gelstd HA ANEFAE 05 go = AA
St B4 C}H,j De] 7% Dimethyl disulfide, Methyl 2-propenyl disulfide, Dimethyl trisulfide,
4-isothiocyanato-1-Butene, Diallyl disulphide, 3-diethylaminocar-3-Butenoic acid & <% 27359
AL FrAPES AT & A3, EANHOe 4§ Methyl 2-propenyl Disulfide,
Dimethyl trisulfide, 4-isothiocyanato-1-Butene,  4-methyl-1-(1-methylethyl)-Bicyclo[3.1.0]
hex-2-ene, Diallyl disulphide, N-(n-PropyD-1,3-propanediamine, N,N-di-n-Propylaniline, Diallyl
disulphide, Di-2-propenyl trisulfide & % 73%< &4 Fr|dEo] AZSHAS F7HA 4
WHoRE FA% A3, XY AR R e WalE #Este Ao FEARE A
Ast7] st O B I8 AES HAET T Ade TATHOE HAHEAHOE A
o A" HZF o FAMEe Tt A 2= 2 U3t wE wiFAA FuHRE WHIE
GC/MSZ EA35t9 ., ¥4 o] w& Chromatograme 13 3.903 -t}

i

o~

#bundance TIG:-B1_1 memﬂnrm 5 me
TIG: B3 1_method1 D'ds
2500000
TIC: BK.D'data.ms
2000000
=93]
LA |
1500000
=135
od
@ 1000000
500000
£ ' . 1 T T .-l ——.—PL - A T T T T T T
Tims-> 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 3000 3200 3400 3600 3800 4000 4200 4400 46.00
dance 'H... B1_1_mathod? Ddai rrs
8000000 TIC: B3_1_mathod2 Didata
7000000
BK _2.Didata.ms
B000000
=93]
L | 5000000
13- 4000000
odu
@ 3000000
2000000 |
f
1000000 1 |
. 5 P o fa b R | 1 )
T T T T T T T T T y T T Uy T T T T T T
Time- > 400 600 800 10.00 12.00 1200 16.00 18.00 20.00 22 00 2400 2600 28,00 30.00 3200 3400 36.00 3800 40.00

7% 3.90. GOMS EH 2o we wE0x e Fr4E AurE 1Y

- 115 -



Aol mE wFAAY ALY FuAES TS S8 I AEEA A Wol A
1 = SPMEMH & Fsted £ E I A& tis] GC/MS &4 <& 13
g 73t e AR EAAAE F 338 ~ & 3400 YER AT %Xé?‘{ 7é?+ HHZ7‘7<1
2RY 92~114F9] 8 dEo] &9 54 HAa, Dimethyl disulfide, 1
trisulfide, 4-isothiocyanato-1-Butene, 4-Ethyl-5-methylthiazole, Diallyl disulphide, Methyl
(methylthio)methyl — disulfide, Dimethoate, Dimethyl tetrasulfide, Benzenepropanenitrile,
1,1-dichloro-ethene, Camphene 59| sg=E°] T+ AT E FHHIUTH

o

g IRl EAEE A vtel a3 9ES dted, AF7HA
2 A9 gul RS methyl allyl sulfide, dimethyl disulfide, diallyl sulfide, methyl
propyl disulfide, methyl trisulfidle 5 33}3t&E3} ethanol, acetic acid, camphene
1-phellandrene, allyl mercaptan So] 2 <A ot on] HuH ule} o] 315E2S 7]
g FH S-S YERAIRE o]l A3 EAS VHAE AEER FE XY FARE ALS
H ks, &9 9 9 59 Allium&olA AGEY, vhso] HUE F3lsEe] A & TS
Tl allyl sulfide ## 3g=2 vhsolA thFEE freiskA 9, propyl sulfide ## SFFEEL
oA fFEiste AeR BRusta vk B AT AFHdAE F3gEe] FE o|Fo JE R
18 243 9x591, uts 8 alylmethyl sulfide 8t3Ee 5o =
A3 A Frtske A % i%{our a ﬂ«l ﬂﬁ‘r?}g«l ?5:%*8 o -

TEE AHY] i AeE ‘11741“:}

camphene 5 terpeness] £F YRS JUHOE AR BRAT o9 Lo ATE
Se FegEel M QA ARHoR WS kol R FNEANE = FFE A
e el o A X1t v 5= 9] E44< 7] qEo=Z EEnAZLS NE
4-isothiocyanato-1-Butene¢] £ AdNME SAEPoNH H&r|oA 713 =& dFS B
ot MEA weh GasE AEE FAKGTL oI5k 2ol A= HFo) wa| 2 Age

el

To w2 AHxdA JIUsteE AFTFS Hole= FFEE 4-Ethyl-5-methylthiazole,
4-Ethyl-5-methylthiazole, 3-amino-2-thioxo-4-Thiazolidinone, 3-(methylthio)-Propionic acid &
o] A=A}t HIujFolA F=l+= glucosinolate #3 AHE<2 Benzenepropanenitrile o
allicine. 28 A HE]h 2-Vinyl-1,3-dithiane 3}3t= =3 FTAFS™, Benzyl Alcohol,
Phenylethyl Alcohol & AlcoholF& </Ad7|3te] ZA#3tel] we} Frtete AdFe YeEIAH
& F8 ﬂ%”‘:% A 717ko] Aol wet e HEA YEgoy, AdFE S Sy
A g3kt
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3 3.38. GC/MS(SPME)E: ©] &3t i F21 2] ¢] A #(201T)

Area(total ion counts*10°)

Peak no. RT Volatile compounds Fermented Fermented
Unfermented for 2 days at for 30 days at
20T 20C
1 3.412 Allylmethyl sulfide - - 4.35
2 4.456 Dimethyl disulfide, 70.99 5.67 7.29
3 5.098 Cyclopropylacetonitrile - 4.96 6.99
4 6.945 Hexamethyl-cyclotrisiloxane 0.42 1.62 3.19
5 8.321 (E)-2-Hexenal, 8.34 - -
6 8.688 5-Cyano—1-pentene 341.43 365.23 614.60
7 9.090 p-Xylene - 6.02 -
8 9.428 Allyl Isothiocyanate - 2.79 -
9 9.836 Styrene - - 1.31
10 10.384 3,4-Dimethylthiophene - 2.63 -
11 10.897 1,3-Dithiane 213.49 270.76 61.54
12 11.544 Isobutylisothiocyanate 68.30 76.17 41.64
13 11.865 1,4-Dithiane 27.00 1517 -
14 12.296 Camphene 39.02 23.29 26.43
15 12.902 Benzaldehyde 44.36 4.71 11.90
16 13.135 Dimethyltrisulfide 172.66 132.20 27.42
17 13.765 4-isothiocyanato—1-Butene 264.90 3134.33 1786.87
18 13.975 Octamethyl-cyclotetrasiloxane, 94.01 - -
19 14.330 2-methyl-6-Hepten-1-ol 6.96 26.64 33.42
20 14.493 (E,E)-2,4-Heptadienal 17.38 - -
21 14.808 2,4-dimethyl-thiazole - 10.70 -
22 15.100 (E,E)-2,4-Heptadienal 16.70 - -
23 15.607 1-methyl-2-(1-methylethyl)-1-methyl-2-(1-methylethyl)-Benzene - - 1.93
24 15.811 .beta.~Phellandrene - 88.62 99.67
25 15.840 4-methyl-1-(1-methylethyl)-Bicyclo[3.1.0]Jhex-2-ene 84.43 - -
26 16.032 Benzyl Alcohol - - 3.01
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27 16.528 3,7-dimethyl-1,3,6-Octatriene - 13.89 16.52
28 16.685 2,6—-dimethyl-Octane 6.03 741 10.27
29 17.064 2,3-dimethyl-cyclohexanone 6.64 - -
30 17.210 2,6-dimethyl-Octane 2.23 - -
31 17.216 3-methyl-tridecane - 493 476
32 17.589 3,5-Octadien-2-one 27.99 - -
33 17.641 decyl 2-pentyl ester sulfurous acid - 6.58 -
34 18.084 4-Ethyl-5-methylthiazole 2980.74 4671.92 3945.09
35 18.445 3-amino-2-thioxo-4-Thiazolidinone 93.34 141.88 -
36 18.690 Diallyldisulphide 122.65 - -
37 18.714 2-Vinyl-1,3-dithiane - 166.53 -
38 18.714 3,7-dimethyl-1,3,6-Octatriene - - 155.70
39 19.011 Dipropyl disulfide 26.00 62.42 155.17
40 19.145 Phenylethyl Alcohol 6.04 7.62 19.07
41 19.314 3-amino-2-thioxo— 4-Thiazolidinone - 15.67 -
42 19.594 2-fluoro—4-amino-pyrimidine 48.99 120.08 -
43 19.716 Methyl (methylthio)methyl disulfide 10.49 - -
44 19.955 3,4-Dimethylthiophene 3.01 4.31 -
45 20.177 Dimethoate - 183.06 167.33
46 20.346 Ethanesulfonyl chloride - 2.18 -
47 20.544 (1IR)-1,7,7-trimethyl-Bicyclo[2.2.1]heptan-2-one 2.70 2.91 -
48 20.666 Nonyl ester N-allyloxycarbonyl-d-Proline - 13.79 21.32
49 20.788 (E,Z)-2,6-Nonadienal 7.00 - -
50 20.882 1,2,4-trimethyl-cyclohexane 3.37 - -
51 21.010 3-(1-methylethyl)-1,2,4-Thiadiazol-5-amine - 777 8.92
52 21.068 butyl-Cyclopentane 217 - -
53 21.173 4-ethyl-Phenol - - 11.29
54 21.494 Borneol 6.22 9.04 12.18
55 21.756 3,4-Dimethylthiophene 1.069 2.27 -
56 21.820 3-Carene 1.04 - -
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57 22.170 2-methyl-4-propyl-Thiazole 39.58 39.99 32.24
58 22.380 7,7-dimethyl-2-methylene-Bicyclo[2.2.1]heptane 3.26 - -
59 22.386 1-methyl-4-(1-methylethylidene)-Cyclohexene - 291 7.80
60 22.432 1-isothiocyanato-Hexane 5.05 9.92 -
61 22.438 1-isothiocyanato-Butane - - 7.46
62 22.572 trans-2-methyl-3-propyl-Oxirane - 4.22 -
63 23.085 Dimethyl tetrasulfide, 25.65 29.97 -
64 23.248 2,6,6-trimethyl-1-Cyclohexene-1-carboxaldehyde - 548 497
65 23.254 Benzenepropanoylfluoride 13.04 - -
66 23.971 Benzenepropanenitrile 182.82 75.14 74.11
67 24.379 3-Carene 5.66 4.31 4.76
68 24.740 2-Methyl-4,5-pyrimidinediamine - 6.36 -
69 25.026 .alpha.-ethylidene-Benzeneacetaldehyde 6.08 - -
70 25.603 Isobornyl acetate 1.68 - -
71 25.918 2-Undecanone 6.60 7.33 4.75
72 26.203 Di-2-propenyl trisulfide 100.60 127.16 97.27
73 27.101 Trisulfide,dipropyl - 5.64 10.41
74 27.620 3,5-diethyl-1,2,4-Trithiolane - - 2.83
75 28.057 2,4-dimethylThiazole - 0.97 -
76 28.343 2-methyl-Tridecane 1.74 2.31 2.95
77 28.453 2,6,6,9-tetramethyl-Tricyclo[5.4.0.0(2,8)Jundec-9-ene 1.23 1.73 -
(+)-Cycloisosativene - - -
78 28.692 Copaene 1.99 3.02 4.00
79 28.902 Dimethyl tetrasulfide 4.10 7.58 -
80 29.153 (1.alpha.,2.beta. 4.beta.)-1-ethenyl-1-methyl-2,4-bis(1-methylethenyl)-cyclohexane - 3.65 -
81 29.555 Tetradecane 1.45 2.15 2.62
82 30.219 4-(2,6,6-trimethyl-2-cyclohexen—-1-yl)-3-Buten-2-one 0.75 - -
83 30.488 1-isothiocyanato—-Butane - 1.90 -
84 31.059 (2)-6,10-dimethyl-5,9-Undecadien-2-one 3.38 - -
85 31.123 2,4a,5,6,7,8,9,9a-octahydro-3,5,5-trimethyl-9-methylene-1H-Benzocycloheptene - 1.42 -
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86 31.222 (Z)-7,11-dimethyl-3-methylene-1,6,10-Dodecatriene - 1.00 -
87 31.426 2,3,4,4a,5,6-hexahydro-1,4a-dimethyl-7-(1-methylethyl)-Naphthalene - 1.11 -
33 31.496 [1aR-(1a.alpha.,4a.alpha.,7.alpha.,7a.beta.,7b.alpha.)]-decahydro-1,1,7-trimethyl-4-m B B 0.87
ethylene-1H-Cycloproplelazulene,
89 31.542 (2-isothiocyanatoethyl)-Benzene 146.73 86.12 51.12
90 31.636 tetradecamethyl-Cycloheptasiloxane 10.72 - 4.26
91 31.840 8-dimethyl-1,2,3,4,4a,5,6,7-octahydronaphthalene2—-Isopropenyl-4a 2.93 2.08 2.00
92 32.020 4~(2,6,6-trimethyl-1-cyclohexen-1-yl)-3-Buten-2-one 10.72 4772 -
93 32.114 1-(1,5-dimethyl-4-hexenyl)-4-methyl-Benzene 21.08 25.76 24.65
94 32.399 decahydro-1,1,7-trimethyl-4-methylene-1H-Cycloproplelazulene - - 3.05
95 32.551 2,6-dimethyl-6-(4-methyl-3-pentenyl)-Bicyclo[3.1.1]hept-2-ene - - 53.90
96 32.580 2-Tridecanone 15.17 - -
97 32.656 2-isopropyl-5-methyl-9-methylene-Bicyclo[4.4.0]dec-1-ene - 5.08 5.29
98 32.732 Pentadecane - 2.75 2.57
99 32.837 2,6-dimethyl-6-(4-methyl-3-pentenyl)-Bicyclo[3.1.1]hept-2-ene - 8.48 -
100 32.836 .alpha.-Farnesene 3.73 - -
101 32.941 (S)-1-methyl-4-(5-methyl-1-methylene-4-hexenyl)-Cyclohexene, 741 10.73 11.81
102 33.087 16-Heptadecenal 1.70 - -
103 33.250 (1S—-cis)-1,2,3,5,6,8a—hexahydro—4,7-dimethyl-1-(1-methylethyl)-Naphthalene, - - 1.26
104 33.431 [S-(R*,S%)]-3-(1,5-dimethyl-4-hexenyl)-6-methylene-Cyclohexene, 5.76 14.29 14.63
105 33.513 .alpha.-Farnesene - 1.41 -
106 33.530 5,6,7,7a-tetrahydro—4,4,7a-trimethyl-2(4H)-Benzofuranone 0.97 - -
107 34.649 3-methyl- Tetradecane - 0.84 -
108 35.745 Hexadecane - 0.57 0.46
109 38.595 Heptadecane 2.93 3.63 3.40
110 38.688 2,6,10,14-tetramethyl-Pentadecane 0.95 1.01 0.96
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3 3.39. GC/MS(SPME)E ©] &3t w53 =] o] &w|dE(4C)

Area(total ion counts*10°)

Peak no. RT Volatile compounds Fermented Fermented
Unfermented for 2 weeks at | for 12 weeks at
4T 4T
1 3.431 Allylmethyl sulfide - 23.79 6.2
2 4.398 Dimethyl disulfide, 119.28 52.59 124.22
3 6.234 Hexanal 0.69 - -
4 6.916 Hexamethyl-Cyclotrisiloxane 2.13 0.98 1.7
5 8.653 5-Cyano—1-pentene 119.21 70.45 -
6 9.050 p—Xylene - 2.70 3.07
7 11.538 Methylpropyl disulfide 85.82 - -
8 11.550 Methyl isopropyl disulphide - 62.58 66.81
9 11.836 1,3-Dithiane 64.97 44.08 58.78
10 12.296 Camphene 51.42 39.16 39.82
11 12.914 Benzaldehyde 18.08 3.18 755
12 13.124 Dimethyl trisulfide 293.13 155.31 259.96
13 13.957 Octamethyl-cyclotetrasiloxane 22.24 26.92 24.35
14 14.126 .beta.-Pinene 15.83 14.68 -
15 14.115 .beta.~Phellandrene - - 14.92
16 14.325 2-methyl-6-Hepten-1-ol - 3.71 6.94
17 14.482 4-ethyl-Cyclohexene 9.38 1.16 5.87
18 14.587 Ethylester hexanoicacid 7.26 3.60
19 14.791 .alpha.-Phellandrene 7.55 5.46 6.54
20 15.082 (E,E)-2,4-Heptadienal 4.70 0.90 4.19
21 15572 1-methyl-3-(1-methylethyl)-Benzene 3.48 - -
22 15.834 4-methyl-1-(1-methylethyl)-Bicyclo[3.1.0]Jhex-2-ene 155.40 120.73 133.15
23 16.429 Benzeneacetaldehyde 4.24 2.67 2.82
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24 16.528 3,7-dimethyl-, (Z)-1,3,6-Octatriene 4.70 5.07 3.94
25 16.673 2,6-dimethyl-Octane - 5.69 5.19
26 17.041 (E)-2-Dodecenal - - 5.05
27 17.198 2,2,5-trimethyl-Hexane - - 3.86
28 17.618 2-ethylhexyl hexyl esterOxalic acid - 6.14 -
29 19.005 Dipropyl disulfide 15.55 21.06 19.07
30 19.133 Phenylethyl Alcohol 6.48 8.78
31 19.576 5-Methylthiophen—-3-ylamine 18.17 - -
32 19.704 Methyl (methylthio)methyl disulfide 18.86 8.59 9.14
33 19.949 3,4-Dimethylthiophene 3.66 2.86 1.56
34 20.159 Dimethoate 262.46 287.76 281.11
35 20.520 (1S)-1,7,7-trimethyl-Bicyclo[2.2.1]Jheptan-2-one - - 2.46
36 20.777 (E,E)-2,6-Nonadienal 7.52 - 3.82
37 21.360 OctanoicAcid - - 3.22
38 21.488 Borneol 9.02 13.11 9.96
39 21.744 3,4-Dimethylthiophene 3.22 2.51 1.55
40 21.797 4-methyl-1-(1-methylethyl)-3-Cyclohexen—1-ol - 2.33 3.10
41 22.100 3-Vinyl-1,2-dithiacyclohex—4-ene 4.47 3.79 3.60
42 22.368 .alpha.,.alpha.4-trimethyl-3-Cyclohexene-1-methanol - 4.00 411
43 22.374 7, 7-dimethyl-2-methylene-Bicyclo[2.2.1]heptane 4.38 - -
44 22.426 1-isothiocyanato—Butane 3.35 - -
45 22.450 Ethyl ester octanoic acid - 4.98 -
46 22.502 2,6,6—trimethyl-1,3-Cyclohexadiene-1-carboxaldehyde 2.59 - 1.78
47 23.073 Dimethyl tetrasulfide 43.21 26.66 29.42
48 23.237 2,6,6—-trimethyl-1-Cyclohexene-1-carboxaldehyde 7.07 - -
49 23.423 3—Carene - 1.32 -
50 23.546 3,7-dimethyl-6-Octen-1-o0l 2.85 2.24 -
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51 23.942 Benzenepropanenitrile 79.47 4091 28.22
52 24.373 3-Carene 6.66 8.72 4.79
53 24.956 Nonanoic acid - 3.85 10.18
54 25.020 (E)-3,7-dimethyl-2,6-Octadienal 13.94 3.55 -
55 25.597 Bornyl acetate 3.02 2.21 2.66
56 25.819 Dodecamethyl-cyclohexasiloxane 1.68 0.86 1.47
57 28.337 2-methyl-tridecane 1.93 1.39 1.86
58 28.448 (+)-Cycloisosativene 1.51 1.26 1.70
59 98,448 [1S-(1.alpha.,2.alpha. 3a.beta.,4.alpha.,5.alpha.,7 .
octahydro-1,7a-dimethyl-5-(1-methylethyl)-1,2,4-Metheno-1H-indene,
60 28.686 Copaene 2.72 - -
61 28.681 Copaene - 2.29 2.81
.alpha.-Cubebene
62 28.797 3-Carene 1.04 1.00 1.04
63 99,147 }E(laSn*e (1.alpha.,2.beta. 4.beta.)]-1-ethenyl-1-methyl-2,4-bis(1-methylethenyl)-Cyclohe 404 376 374
64 29.281 (E)-2-Tetradecene 1.36 - -
65 29.549 Tetradecane 2.00 1.64 1.98
66 31117 5%25,41 E i}flel?}?:ﬁ,géazﬁléifa.beta.,4.alpha.,8a.beta.,9R*)]—decahydro—l,5,5,8a—tetramethyl— 111 0.97 1.02
(-)-3,7,7-trimethyl-11-methylene-Spiro[5.5lundec-2-ene
67 31.403 4-dienel0s,11s-Himachala-3(12) - 0.77 -
63 31.408 laR-(la.alpha.,4a.alpha.,7.alpha.,7a.beta.,7b.alpha.)]-decahydro-1,1,7-trimethyl-4-me B B 0.99
thylene-1H-Cycloproplelazulene
69 31.525 (2-isothiocyanatoethyl)-Benzene 94.37 48.74 44.48
70 31.630 Tetradecamethyl-cycloheptasiloxane 13.51 26.72 13.96
71 31.828 2-Isopropenyl-4a,8-dimethyl-1,2,3,4,4a,5,6,7-octahydronaphthalene - 1.65 2.11
72 32.009 (E)-4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-3-Buten-2-one 5.20 293 3.21
73 32.108 1-(1,5-dimethyl-4-hexenyl)-4-methyl-Benzene 19.08 14.28 15.96
74 32.388 [laR-(la.alpha.,4a.alpha.,7.alpha.,7a.beta.,7b.alpha.)]-decahydro-1,1,7-trimethyl-4-m 2.57 - 2.07
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ethylene-1H-Cycloproplelazulene

[1S-(1.alpha.,7.alpha.,8a.alpha.)]-1,2,3,5,6,7,8,8a—octahydro-1,8a-dimethyl-7-(1-meth

& 32.376 ylethenyl)-Naphthalene, - 2.34 -
76 32.539 1-(1,5-dimethylhexyl)-4-methyl-Benzene 4465 4552 43.06
77 32.539 2,6-dimethyl-6-(4-methyl-3-pentenyl)-Bicyclo[3.1.1Thept-2-ene - - -
78 32.650 1,2,4a,5,6,8a-hexahydro—4,7-dimethyl-1-(1-methylethyl)-Naphthalene 5.42 454 5.02
79 32.726 Pentadecane 5.52 494 529
.alpha.-Farnesene 9.05 8.18 7.22
80 32.825 2,6-dimethyl-6-(4-methyl-3-pentenyl)-Bicyclo[3.1.1]hept-2-ene - - -
81 32.936 (S)-1-methyl-4-(5-methyl-1-methylene-4-hexenyl)-Cyclohexene 11.07 8.83 9.30
82 33.081 Tridecanal 5.76 - -
83 33.239 (1S-cis)-1,2,3,5,6,8a—hexahydro—4,7-dimethyl-1-(1-methylethyl)-Naphthalene - 1.06 1.09
84 33.425 [S-(R#*,S*)]-3-(1,5-dimethyl-4-hexenyl)-6-methylene-Cyclohexene 14.70 11.69 12.55
85 35.308 isobutyl ester 2,2,4-trimethyl-3-carboxyisopropyl Pentanoic acid - - 0.48
86 35733 | Hexadecane 0.75 - 0.48
87 38.584 Heptadecane 4.63 3.15 2.87
83 38.677 2,6,10,14-tetramethyl-Pentadecane 1.97 1.30 1.38
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3£ 3.40. GC/MS(SPME)E ©] &3t w53 =] 2] &w]/4d2(10C)

Area(total ion counts*10°)

Peak no. RT Volatile compounds Fermented Fermented
Unfermented for 5 days at for 12 days at
10C 10C
1 3.524 Allyl methyl sulfide - 1.62 10.22
2 4.509 Dimethyl disulfide 164.0 43.81 88.48
3 6.199 Hexanal 1.77 2.97 -
4 8.659 5-Cyano-1-pentene 69.98 65.88 2.75
5 11.556 Methylpropyl disulfide 87.0 64.88 67.99
6 11.860 1,3-Dithiane 105.05 39.10 49.08
7 12.308 Camphene 48.02 49.88 46.94
8 12.902 Benzaldehyde 7.29 1.52 7.29
9 13.124 trisulfide imethyl 307.51 162.33 129.48
10 13.480 7,7-dimethyl-2-methylene-Bicyclo[2.2.1]heptane 5.50 7.69 -
11 13.765 1-butylvinylmethyl Ether 169.30 - -
12 13.771 4-isothiocyanato—1-Butene - 444.43 -
13 13.963 Octamethyl-Cyclotetrasiloxane 23.39 24.69 19.55
14 14.132 .beta.-Myrcene 11.81 19.32 12.87
15 14.330 6-methyl-5-Hepten—2-ol - - 6.00
16 14.604 Hexanoicacid,ethylester - 9.00 4.98
17 14.797 .alpha.-Phellandrene 6.79 7.22 6.58
18 15.112 (E,E)-2,4-Heptadienal 1.20 3.21 3.48
19 15.543 1-ethyl-2,3-dimethyl-Benzene 1.97 1.01 -
20 15.846 4-methyl-1-(1-methylethyl)-Bicyclo[3.1.0]hex-2-ene 150.16 158.59 14851
21 16.435 Benzeneacetaldehyde 3.99 1.87 2.31
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22 16.528 3-Carene 4.12 4.75 4.98
3,7-dimethyl- 1,3,7-Octatrien
23 16.854 2,6-Dimethyldecane 3.98 - -
24 17.058 2,3-dimethyl-Cyclohexanone - - 3.98
25 17.070 (E)-2-Octenal - 5.75 592
26 17.589 Decamethyl-tetrasiloxane 3.16 4717 -
Methyltris(trimethylsiloxy)silane
27 18.026 4-Ethyl-5-methylthiazole 1004.39 1236.69 -
28 18.690 Diallyl disulphide 178.15 172.26 19.94
29 19.011 Dipropyl disulfide 14.17 24.40 -
30 19.151 Phenylethyl Alcohol - 5.90 6.64
31 19.297 1,2-Dithiolane 5.85 - 7.19
3—-amino—-2-thioxo—-4-"Thiazolidinone
32 19.582 5-Methylthiophen—3-ylamine 15.15 - -
33 19.716 Methyl (methylthio)methyl disulfide 19.84 6.72 6.92
34 19.967 3,4-Dimethylthiophene 3.88 3.03 3.31
35 20.171 Dimethoate 246.65 231.92 245.09
36 20.538 1,7,7-trimethyl-, (1R)-Bicyclo[2.2.1Theptan-2-one 2.37 2.35 -
37 20.789 6-[4-Bromophenyl]-N,N-dimethyl-1,2 4,5-tetrazin-3—-amine 6.07 - -
38 20.794 (E,E)-2,6-Nonadienal - 5.64 -
39 21.197 Methyl 2-hydroxyethyl sulfoxide 5.94 4.86 -
40 21.500 Borneol 8.60 12.13 13.53
41 21.756 3,4-Dimethylthiophene 2.36 2.49 2.59
42 22.112 3-Vinyl-1,2-dithiacyclohex-4-ene 3.74 3.38 4.46
43 22.211 Methyl salicylate - - 3.35
44 22.380 (R)-1-methyl-5-(1-methylethenyl)-Cyclohexene 3.89 3.97 4.20
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45 22.438 1-isothiocyanato-Butane 2.34 4111 -

46 22.508 2,6,6-trimethyl-1,3-Cyclohexadiene-1-carboxaldehyde 2.43 1.36 1.93
47 23.085 Dimethyl tetrasulfide 38.31 - -

48 23.097 3-Vinyl-1,2-dithiacyclohex-5-ene - 19.57 21.50
49 23.254 2,6,6-trimethyl-1-Cyclohexene—-1-carboxaldehyde 4.89 4.70 4.46
50 23.435 3-Carene 1.22 1.53 1.64
51 23.546 (R)-3,7-dimethyl-6-Octen—1-ol 2.31 3.87 2.26
52 23.954 Benzenepropanenitrile 69.95 27.83 17.77
53 24.379 (1S)-3,7,7-trimethyl-Bicyclo[4.1.0]hept-3-ene 6.84 10.25 8.03
54 24.921 Nonanoic acid - 1.77 2.99
55 25.026 (E)-3,7-dimethyl-2,6-Octadienal 13.07 5.79 6.39
56 25.609 1,7, 7-trimethyl-bicyclo[2.2.1Thept-2-yl esterAcetic acid 2.52 2.96 2.67
57 25.731 Dodecamethyl-cyclohexasiloxane - 1.61 0.61
58 25.930 2-Undecanone - 6.67 -

59 26.204 Dodecamethyl-cyclohexasiloxane 151.09 188.24 -

60 26.670 1,1-dichloro—Ethene 21.08 21.59 -

61 28.349 2-methyl-Tridecane 1.28 - 1.55
62 B | T b (1 ety o1 2,4 Metheno- H-indene, 113 1.764 -

63 28.442 (+)-Cycloisosativene - - 1.39
64 28.692 Copaene 2.01 3.04 2.52
65 28.809 3-Carene 1.01 1.35 1.28
66 29.159 g{%;l él.alpha.,2.beta.,4.beta.)]—1—ethenyl—1—methy1—2,4—bis(1—methylethenyl)—Cycloh 362 449 405
67 29.555 Tetradecane 1.82 1.89 1.85
68 30.499 1-isothiocyanato—Butane 5.58 8.17 -
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(4aS-cis)-2,4a,5,6,7,8,9,9a-octahydro-3,5,5-trimethyl-9-methylene-

69 31.123 11 Benzocycloheptene, 0.97 3.54 1.08
70 31.210 (E)-7,11-dimethyl-3-methylene—-1,6,10-Dodecatriene - - 0.91
71 31.537 (2-isothiocyanatoethyl)-Benzene 30.84 75.84 29.01
72 31.642 tetradecamethyl-Cycloheptasiloxane 20.85 29.86 24.22
73 31.840 2-Isopropenyl-4a,8—-dimethyl-1,2,3,4,4a,5,6,7-octahydronaphthalene - - 1.55
74 32.020 4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-3-Buten-2-one 2.81 3.17 2.63
75 32.114 1-(1,5-dimethyl-4-hexenyl)-4-methyl-Benzene 13.18 16.79 13.94
| 3238 | R e ek ibhaia bt thanan] e AT ety 189 23 223
77 32.545 1-(1,5-dimethylhexyl)-4-methyl-Benzene 35.07 40.98 43.21
78 32.656 1,2,4a,5,6,8a-hexahydro-4,7-dimethyl-1-(1-methylethyl)-Naphthalene 3.94 5.39 457
79 32.732 Pentadecane 3.71 515 3.47
80 32.837 2,6-dimethyl-6-(4-methyl-3-pentenyl)-Bicyclo[3.1.1]hept-2-ene 6.57 8.80 7.46
81 32.942 (S)-1-methyl-4-(5-methyl-1-methylene-4-hexenyl)-Cyclohexene 7.88 10.57 8.61
82 33.239 (1S-cis)-1,2,3,5,6,8a-hexahydro—4,7-dimethyl-1-(1-methylethyl)-Naphthalene, - 1.40 0.82
33 33.437 [S-(R*,S%)]-3-(1,5-dimethyl-4-hexenyl)-6-methylene-Cyclohexene, 11.30 14.95 12.17
84 34.084 3-(methylthio)-Propanoic acid 26.13 37.41 -

85 34.474 .gamma.-Elemene - - 0.73
86 35.745 Hexadecane 0.63 0.66 0.61
87 36.497 1,3,5,7-Tetraethyl-1-ethylbutoxysiloxycyclotetrasiloxane 1.83 - -

88 38.595 Heptadecane 2.74 3.80 3.18
89 38.689 2,6,10,14-tetramethyl-Pentadecane 1.33 1.70 1.51
90 39.021 Tetradecyl-oxirane 3.03 - -
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3 3.41. GC/MS(SPME)E ©] &3 43 #] 2] &4 £(10T)

Area(total ion counts*10°)
Peak no. RT Volatile compounds Fermented Fermented
Unfermented for 5 days at for 12 days at
10TC 10TC
1 3.431 Allylmethyl sulfide 29.33 24.43 27.49
2 4.404 Dimethyl disulfide 1171.58 287.59 151.01
3 8.333 (E)-2-Hexenal 31.78 30.00 7.47
4 8.484 3,3’ ~thiobis—1-Propene - - 14.55
5 10.862 1,3-Dithiane 497.31 570.77 264.04
6 11.556 1R~-.alpha.-Pinene 35.07 - -
.alpha.-Pinene

7 11.544 Methylpropyl disulfide - 58.53 42.46
8 11.836 1,4-Dithiane 14.76 28.74 8.09
9 12.279 Camphene 42.50 39.24 25.29
10 12.839 Benzaldehyde - 8.40 9.81
11 13.118 Dimethyl trisulfide 1235.81 325.32 191.05
12 13.468 Bis-(methylthio)-phosphine 13.10 - -

13 13.940 Octamethyl-cyclotetrasiloxane - 27.82 22.57
14 14.307 2-methyl-6-Hepten—-1-ol - 13.98 12.49
15 14.441 (E,E)-2,4-Heptadienal 10.62 - -
16 14.575 Ethylester hexanoicacid - 12.39 12.42
17 14.785 3-Carene - 6.16 3.90
18 14.773 .alpha.-Phellandrene - - -
19 15.065 (E,E)- 2,4-Heptadienal 12.99 8.81 7.35
20 15.479 2,2,5-trimethyl-Hexane 2.90 - -
21 15.589 1-methyl-2-(1-methylethyl)-Benzene - 1.32 -

22 15.823 .beta.-Phellandrene 104.04 122.04 107.55
23 16.394 Benzeneacetaldehyde - 1.91 1.47
24 16.499 ethylester 2-Hexenoicacid - - 6.98
25 16.510 (Z)-3,7-dimethyl-1,3,6-Octatriene 2.10 4.22 -
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26 16.668 2,6—-dimethyl-Octane 4.42 6.61 -
27 17.029 (E)-2-Octenal - 6.13 5.73
28 17.187 2,6-dimethyl-Octane - - 8.71
29 17.402 2-Octen-1-ol - - 12.54
30 17.472 3,5-Octadien-2-one 10.20 - -
31 17.833 Diallyl disulphide 190.77 351.38 228.33
32 18.014 3,5-Dimethylanisole 6.21 - -
33 18.131 1-(Methylthio)-3—-pentanone - - 26.06
34 18.690 3,7-dimethyl-1,6-Octadien-3-ol - - 4277
35 18.923 Nonanal 2.83 4.09 -
36 18.993 Dipropyl disulfide - 5.06 2.72
37 19.127 Phenylethyl Alcohol 2.03 1.60
38 20.107 Decamethyl-cyclopentasiloxane 135.67 222.09 -
39 20.509 Camphor 2.59 - -
40 20.520 (1R)-1,7,7-trimethyl-Bicyclo[2.2.1]heptan-2-one - 3.73 2.92
41 20.771 (E,E)- 2,6-Nonadienal - 2.54 -
42 20.993 4-Methylpentylisothiocyanate 3.68 - -
3-(1-methylethyl)-1,2,4-Thiadiazol-5-amine

43 21.127 3-ethyl-Benzaldehyde - - 2.52
44 21.383 OctanoicAcid - - 3.67
45 21.476 Borneol 4.99 5.39 5.46
46 21.797 4-methyl-1-(1-methylethyl)-3-Cyclohexen—1-ol - - 1.45
47 22.205 Methylsalicylate 0.95 2.54 2.02
48 22.362 (.+/=)~1-methyl-3-(1-methylethenyl)-Cyclohexene, 2.58 2.21 1.95
49 22.426 1-isothiocyanato-Hexane - 6.12 -
50 22.444 ethylester Octanoicacid - - 5.67
51 22.491 2,6,6-trimethyl-1,3-Cyclohexadiene-1-carboxaldehyde 0.61 - -
52 22.555 Dodecane 1.63 - -
53 23.068 Bis—(methylthio)-phosphine 26.63 - -

Dimethyl tetrasulfide

- 133 -



54 23.225 2,6,6-trimethyl-1-Cyclohexene—-1-carboxaldehyde 13.59 5.51 5.00
55 23.534 3,7-dimethyl-2-Octen—1-ol - - 0.98
56 24.910 Nonanoicacid - - 1.47
57 25.009 (E)-3,7-dimethyl-2,6-Octadienal - 2.79 2.12
58 25.143 4-ethyl-2-methoxy—Phenol - - 0.85
59 25.591 1,7,7-trimethyl-bicyclo[2.2.1Thept-2-yl ester Acetic acid, 1.00 2.27 -
60 25.586 Bornylacetate - - 2.37
1,7, 7-trimethyl-bicyclo[2.2.1]Thept-2-yl ester Acetic acid
61 27.865 Eugenol - - 0.70
62 27.958 Dimethyl disulfide 0.86 - -
63 28.331 2-methyl- ridecane - 1.26 -
o | [ [t 1 indene, ocabydry 2o dimehl 5 methylethyl)- f 15 o1
65 28.675 Copaene 1.50 1.90 1.71
66 28.675 .alpha.—-Cubebene - - -
67 28.885 S—Methyl methanethiosulfinate 1.88 2.88 1.65
Methyl 2-hydroxyethyl sulfoxide
68 29.543 Tetradecane 0.82 1.02 -
69 31.409 Aromadendrene - 0.73 -
70 31618 Tetradecamethyl-Cycloheptasiloxane 57.05 48.78 61.59
71 32.003 (E)-4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-3-Buten-2-one 7.35 2.32 1.89
72 32.096 1-(1,5-dimethyl-4-hexenyl) -4-methyl-benzene 8.52 9.07 8.83
Naphthalene,
78 32.638 1,2,3,4,4a,5,6,8a—-octahydro—7-methyl-4-methylene—1-(1-methylethyl)-, - 2.59 2.26
(1.alpha.,4a.alpha.,8a.alpha.)-
2-isopropyl-5-methyl-9-methylene-Bicyclo[4.4.0]dec-1-ene
74 32.714 Pentadecane - 1.44 -
75 32.819 .alpha.-Farnesene - 3.60 -
76 32.924 (S)-1-methyl-4-(5-methyl-1-methylene-4-hexenyl)-Cyclohexene 3.87 5.95 4.63
77 33.268 2-isopropyl-5-methyl-9-methylene Bicyclo[4.4.0]dec-1-ene - 0.76 -
78 33.414 [S-(R*,S*)]-3-(1,5-dimethyl-4-hexenyl)-6-methylene-Cyclohexene 3.14 6.25 -
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3t 3.42. GC/MS(SPME)E ©]-&3F F23 A1 9] &4 #(20T)

Area(total ion counts*10°)

Peak no. RT Volatile compounds Fermented Fermented
Unfermented for 2 days at for 30 days at

20T 20T

1 3.436 Allylmethyl sulfide - 4.04 -

2 3.501 Diethyl peroxide - - 114.70

3 4.422 Dimethyl disulfide 221.89 58.10 -

4 6.672 (S)-ethyl ester 2-hydroxy-Propanoic acid - - 15.94

5 8.344 (E)-2-Hexenal 153.93 - -

6 8513 3,3’ —thiobis— 1-Propene - 33.28 -

7 8.980 p—Xylene - 21.57 -

8 9.370 acetate 3—methyl- 1-Butanol - - 36.42

9 9.842 Styrene - 12.49 10.44

10 10.361 3-methyl-2-Hexanol - - 6.13

11 10.874 1,3-Dithiane 549.88 566.86 95.93

12 11.562 methyl propylDisulfide 58.78 68.15 -

13 11.585 1R-.alpha.-Pinene - - 22.16

14 11.847 1,4-Dithiane 25.10 27.62 -

15 12.290 Camphene 72.76 65.10 49.42

16 12.558 3-Methylthiobutyraldehyde 11.06 - -

17 12.850 Benzaldehyde 14.23 14.43 18.11

18 13.112 Dimethyl trisulfide 295.50 226.40 34.74

19 13.310 Dimethyl trisulfide - 3.17 -

20 13.386 cis—1,2-dimethyl-Cyclopentane - - 3.03

21 13.491 1-Methylene-2-vinylcyclopentane - 11.98 -
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.beta.-Pinene

22 13.963 6-methyl-5-Hepten—-2-one 141.99 102.13 -
23 13.969 octamethyl-Cyclotetrasiloxane - - 33.91
24 14.109 .beta.-Myrcene 10.78 14.24 12.35
25 14.319 2-methyl-6-Hepten—1-ol 7.60 22.00 61.12
26 14.464 (E,E)-2,4-Heptadienal 8.71 - -
27 14.604 Hexanoicacid,ethylester - 4.81 6.49
28 14.785 .alpha.-Phellandrene 9.30 7.91 8.75
29 15.082 (E,E)-2,4-Heptadienal 6.98 1.09 -
30 15.490 2,2,11,11-tetramethyl-Dodecane - 5.82 -
31 15.589 1-methyl-4-(1-methylethyl)-Benzene - 1.56 1.37
32 15.834 .beta.~Phellandrene 175.95 173.97 141.13
33 16.015 Benzyl Alcohol - - 5.61
34 16.405 Benzeneacetaldehyde 2.24 2.87 -
35 16.522 (7Z)-3,7-dimethyl-1,3,6-Octatriene 457 6.54 4.86
36 16.679 2,2,5,5-tetramethyl-Hexane 8.98 7.83 -
2,6,11-trimethyl-Dodecane
37 17.198 2,9-dimethyl-Undecane 458 4.71 5.35
2,6-dimethyl-Octane
38 17.420 Isoamyl lactate - - 2.73
39 17.495 3,5-Octadien-2-one 418 - -
40 17.612 2-ethylhexyl hexyl ester Oxalic acid - 5.74 7.41
41 17.868 Diallyl disulphide 651.62 733.95 69.59
42 18.008 1,7-dihydro-6H-Purin-6-one 18.02 10.84 6.17
43 18.725 3-Carene - - 84.43
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44 18.947 Nonanal - - 1.71
45 18.999 dipropy! disulfide 21.20 16.88 4.40
46 19.139 Phenylethyl Alcohol - 2.32 25.64
47 19.296 3-amino-2-thioxo-4-Thiazolidinone - 4.20 -

48 19.961 3,4-Dimethylthiophene - 1.57 -

49 20.118 decamethyl-Cyclopentasiloxane 215.92 - 144.81
50 20.520 (1R)-1,7,7-trimethyl-Bicyclo[2.2.1Theptan—-2-one 3.00 3.16 2.92
51 20.777 (E,E)- 2,6-Nonadienal 5.42 - -

52 21.168 4-ethyl- Phenol - - 65.18
53 21.319 dodecamethyl-Pentasiloxane 1.34 - -

54 21.482 Borneol 9.57 8.61 10.45
55 21.744 3,4-Dimethylthiophene 1.72 1.53 -

56 21.820 4-methyl-1-(1-methylethyl)-3-Cyclohexen—1-ol - - 2.24
57 22.077 2-methoxy—4-methyl-Phenol - - 458
58 22.094 3-Vinyl-1,2-dithiacyclohex-4-ene 6.56 8.14 -

59 22.211 Methyl salicylate 3.97 2.59 4.82
60 22.368 (.+/-.)-1-methyl-3-(1-methylethenyl)-Cyclohexene 5.36 3.26 5.92
61 22.426 1-isothiocyanato—Butane 5.31 7.39 -

62 22.467 ethylester Octanoicacid - - 4.09
63 23.085 3-Vinyl-1,2-dithiacyclohex-5-ene 15.13 25.54 11.41
64 23.242 1-Cyclohexene-1-carboxaldehyde,2,6,6-trimethyl-137.0 - 5.20 4.38
65 23.493 dodecamethyl-Pentasiloxane 2.50 2.25 2.38
66 23.598 1,7, 7-trimethyl-Bicyclo[2.2.1]hept-2-ene - - 1.40
67 24.397 3,7-dimethyl-2,6-Octadienal - - 0.91
68 25.597 1,7, 7-trimethyl-bicyclo[2.2.1]hept-2-y1 ester Acetic acid 2.71 2.02 3.25
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69 25912 2-Undecanone 4.21 3.42 -
70 26.034 dodecamethyl- Cyclohexasiloxane - - 1.29
71 27.894 Eugenol - - 2.29
72 28.360 2-methyl-Tridecane - - 1.14
73 28.686 Copaene 2.15 2.46 1.81
.alpha.-Cubebene
74 28.809 1-(2,6,6-trimethyl-1,3-cyclohexadien—-1-yl)-2-Buten-1-one - - 0.58
75 28.890 S-Methyl methanethiosulfinate 3.21 - 0.92
76 31.630 tetradecamethyl-Cycloheptasiloxane 41.96 55.42 7217
77 31.840 2-Isopropenyl-4a,8-dimethyl-1,2,3,4,4a,5,6,7-octahydronaphthalene 0.70 1.02 -
78 32.009 (E)-4-(2,6,6-trimethyl-1-cyclohexen-1-yl)-3-Buten—-2-one, 4.45 2.31 -
79 32.108 1-(1,5-dimethyl-4-hexenyl)-4-methyl-Benzene 16.12 16.74 11.57
80 32.638 2-isopropyl-5-methyl-9-methylene-Bicyclo[4.4.0]dec-1-ene 3.32 3.73 2.76
1,2,4a,5,6,8a-hexahydro—4,7-dimethyl-1-(1-methylethyl)-Naphthalene
81 32.767 Butylated Hydroxytoluene - - 1.80
82 32.836 .alpha.-Farnesene 5.09 3.26
83 32.936 (S)-1-methyl-4-(5-methyl-1-methylene-4-hexenyl)-Cyclohexene, 6.87 7.85 5.94
Naphthalene,
84 33.274 1,2,3,4,4a,5,6,8a-octahydro—7-methyl-4-methylene-1-(1-methylethyl) -, 0.62 - 1.00
(1.alpha.,4a.beta.,8a.alpha.)—
85 33.425 [S-(R*,S#*)]-3-(1,5-dimethyl-4-hexenyl)-6-methylene-Cyclohexene 7.69 9.08 6.18
86 33.518 5,6,7,7a-tetrahydro-4,4,7a-trimethyl-2(4H)-Benzofuranone 1.01 0.93 -
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3 3.43. GC/MS(SPME)E ©] &3t 43 #] 2] |4 £4T)

Area(total ion counts*10°)

Peak no. RT Volatile compounds Fermented Fermented
Unfermented for 2 weeks at | for 12 weeks at
4T 4T

1 3.402 Allylmethyl sulfide - 39.55 58.96
2 4.404 Dimethyl disulfide 1171.58 300.85 187.48
3 8.333 (E)- 2-Hexenal 31.78 - -

4 8.455 3,3’ ~thiobis— 1-Propene - 23.14 68.98
5 9.003 p—Xylene - - 16.57
6 10.862 1,3-Dithiane 497.31 650.85 226.82
7 11.556 1R-.alpha.-Pinene 35.07 - -

.alpha.-Pinene

8 11.544 methyl propyl disulfide - 69.77 64.44
9 11.836 1,4-Dithiane 14.76 38.70 26.13
10 12.279 Camphene 42.50 54.05 38.38
11 12.844 Benzaldehyde - - 13.78
12 13.118 Dimethyl trisulfide 1235.81 414.60 460.51
13 13.468 Bis—(methylthio)-phosphine 13.10 - -

14 13.940 octamethyl-Cyclotetrasiloxane - 20.80 -
15 14.126 .beta.—Pinene - 16.97 15.20
16 14.301 2-methyl-6-Hepten—1-ol - 13.30 17.09
17 14.441 (E,E)-2,4-Heptadienal, 10.62 - 17.40
18 14.581 Hexanoicacid, ethylester - 13.46 10.72
20 14.785 3-Carene - 7.05 6.01

.alpha.—Phellandrene

21 15.065 (E,E)-2,4-Heptadienal 12.99 8.33 4.64
22 15.479 2,2,5-trimethyl-Hexane 2.90 6.68 6.13
23 15.578 1-methyl-4-(1-methylethyl)-Benzene - 1.21 -

24 15.817 4-methyl-1-(1-methylethyl)-Bicyclo[3.1.0]lhex-2-ene - 135.38 136.74
25 15.823 .beta.—Phellandrene 104.04 - -
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26 16.400 Benzeneacetaldehyde 2.13 3.70
27 16.510 (2)-3,7-dimethyl-1,3,6-Octatriene 2.10 6.03 5.98
28 16.668 2,6—-dimethyl- Octane 4.42 7.83 8.10
29 17.029 (E)- 2-Dodecenal - 6.98 12.34
30 17.192 2,6-dimethyl- Octane - - 481
31 17.402 2-Octen-1-ol - 491 1.89
32 17.472 3,5-Octadien-2-one 10.20 - -
33 17.833 Diallyl disulphide 190.77 398.42 383.23
34 18.014 3,5-Dimethylanisole 6.21 - -
35 18.137 1-(Methylthio)-3-pentanone - 9.89 8.53
36 18.923 Nonanal 2.83 4.21 -
37 18.988 Dipropyl disulfide - 6.06 470
38 19.127 Phenylethyl Alcohol - 2.05 3.72
39 20.107 decamethyl-cyclopentasiloxane 135.67 - -
40 20.509 Camphor 2.59 - -
41 20.515 (1IR)-1,7,7-trimethyl-Bicyclo[2.2.1]Jheptan-2-one - 3.36 3.28
42 20.783 (E,E)- 2,6-Nonadienal - - 1.37
43 20.993 4-Methylpentyl isothiocyanate 3.68 - -
44 21.127 4-ethyl- Benzaldehyde - - 12.11
45 21.348 OctanoicAcid - - 2.38
46 21.476 Borneol 4.99 5.65 6.21
47 21.797 (R)~4-methyl-1-(1-methylethyl)-3-Cyclohexen—1-ol - - 1.66
48 22.088 3-Vinyl-1,2-dithiacyclohex-4-ene - 1.62 1.88
49 22.205 Methylsalicylate 0.95 2.53 2.70
50 22.362 trans—(-)-5-methyl-3-(1-methylethenyl)-Cyclohexene, 2.58 - -
51 22.362 3-Cyclohexene-1-methanol, .alpha.,.alpha.4-trimethyl- - - 2.60
52 22.444 Octanoicacid, ethylester - 13.99 7.00
53 22.491 2,6,6—trimethyl-1,3-Cyclohexadiene-1-carboxaldehyde 0.61 - -
54 22.555 Dodecane 1.63 - -
55 22.811 hexyl ester3—-methyl-Butanoic acid - 1.68 -
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56 23.068 dimethyl tetrasulfide 26.63 15.00 31.29
57 23.225 2,6,6-trimethyl-1-Cyclohexene—-1-carboxaldehyde 13.59 5.30 6.05
58 23.487 dodecamethyl-pentasiloxane - 2.32 3.46
59 24.898 Nonanoic acid - 0.83 2.14
60 25.009 (Z2)-3,7-dimethyl-2,6-Octadienal - 1.67 -

61 25.143 4-ethyl-2-methoxy—phenol - - 0.61
62 25.591 1,7, 7-trimethyl-bicyclo[2.2.1Thept-2-yl ester Acetic acid 1.00 2.87 3.23
63 26.804 2,4-Decadienal - - 0.63
64 27.876 Eugenol - - 1.81
65 27.958 Dimethyl disulfide 0.86 - -

66 28.442 (+)-Cycloisosativene - - 1.27
67 28.675 Copaene 1.50 1.68 1.92

.alpha.-Cubebene
68 28.885 S-Methyl methanethiosulfinate 1.88 2.58 459
Methyl 2-hydroxyethyl sulfoxide

69 29.543 Tetradecane 0.82 0.90 1.03
70 31.618 Tetradecamethyl-cycloheptasiloxane 57.05 64.03 66.56
72 32.003 (E)-4-(2,6,6-trimethyl-1-cyclohexen—1-yl)-3-Buten—2-one, 7.35 1.79 1.78
73 32.096 1-(1,5-dimethyl-4-hexenyl)-4-methyl-Benzene 8.52 8.29 897
74 32.382 1,2,4a,5,6,8a-hexahydro—4,7-dimethyl-1-(1-methylethyl)-Naphthalene - - 0.96
75 32.720 Pentadecane - - 1.42
76 32.924 (S)-1-methyl-4-(5-methyl-1-methylene-4-hexenyl)-Cyclohexene 3.87 4.90 5.25
77 33.414 [S—(R*,S%)]-3-(1,5-dimethyl-4-hexenyl) -6-methylene-Cyclohexene 3.14 5.01 6.88
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1}, Dynamic Headspace 2]

2 AFollA 7" Dynamic Headspace ®#o] 2-8% Sensor Typed HArz e}l o4 a7}
g ZAF(GC, Sensor Type)e] Ads< vlui2Asted SPMEW ¥ Dynamic Headspace %4 &
A3 WS i s

i F=Z 2 9} FAAA ] FrdE A4S H&l Il Bad AARE 2 GC, Sensor type T
o 7Y HMARE EFele] F AR AxE AHE v EAEEt T REY WA=
= B HAE S8l T A AHE ol&stlen, #fqt avke AAF = RQ Box, Heraclesll
(Alpha M.O.S, France)& ol &3atith. 24t 1718 AAE 5 GC type HA e ARE-3F column

it

AbgstR e, Exole3 A

] AEE 20 mL vialol

2 MXT-5/MXT-1701(10 m length * 180 um diameter) F7}A]
=7](FID)E AH&3ste] HEstAth 240 H S tha3 Zol, vt

2
%
N
NG

1 g& FHsla, 40ColA 15& incubation g+ ¥, 500 rpmo.&2 ZI&-3}o] head-space WA O =
T3t 43t GC type AAF Y Fr|AdE B2 F 3449 2ot 94k 17y A

A= 5 sensor type FH|HIIE & Ar|sista AlA el MOS AlAE HAst oW, =27
NH3, H2S, VOC, B&an|(Odon& Uro] BA gt =g AgE 1 Limin o $52 3950
AN R FAETHE 3.45).

T Bg3 AA(Sensor type)d] FrIHIFE 3t 1059 AAE GASA oY, 4 A
QRZHE HYUFE Frlo 9SS Hasslr] 95te] FAdEHactivated, granular) ZEE A}
&ste] ¥ O AHASATE =g AAE ZAA HAHSE st 574A FEH Y dAE AAE
AHgste] vl BASIE T A AR AT A= FS7A FELX 2R AIEHE o
w2} A 9 AAFg e o g FRSLT, A AEE meEl 4 L bottle, 100 mL liquid
T % 7HA AA T ZAe ds A% HrtE AsA
T T 7 7RA B ARSSATE A AlROA A

- =
Fstel BNT B9 @A FYst

e
o
z
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XS 93 GC type AAFA((Heraclesll) #24%71

Parameters Conditions
Injected volume(mL) 1.0
Injection speed(s) 125
Injector
Injector temp.(C) 200
Injection duration 13
Trap initial temp.(C) 40
Split 10 mL/min
Trap
Trapping duration(s) 22
Trap final temp.(*C) 240
Initial isotherm(<C) 4005 s)

Column Temp

Temperature program

1 C/s-150 €10 s)
2 Cls-250 €30 s)

Acquisition duration(s) 205
Detector temp.(‘C) 270
Gain FID 12
Detector
Time between 2 analysis 8 min
240

Trap final temp.("C)
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3% 3.45. 94k 31718 AR (Sensor type) A8 Al A

Molecules/Gas Detection range (ppm) Limit detection (ppm)
0-1000
Acetone(CsHsO) 1
0-300
Ethanol(C,H50) 0-1000 1
0-10
. 10-1000
Ammonia(NHs) 1
100-3000
10-100
Hydrogen Chloride(HCI) 0-1000 5
Chlorine(Cly) 0-5 0.2
Nitrogen dioxide(NOy) 0-5 0.2
0-10
. 0-1
Hydrogen Sulfide(H:S) 15 10.3
5-10
Sulfur Dioxide(SO») 0-3 0.1
Carbon Monoxide(CO) 0-400 1
Nitrous oxide(N;0) 2-10 -
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¥ 3.46. FW BF¥ AAF(Sensor type)oll &3 AlA

Al X RUHH AL -
T 1 Detectable gas HHE ¥ =494
= (ppm)
1-30ppm
MO1 TGS 2600 H, ol &, o] 2% ek CO, CH, PP
(H, base)
TGS 2620
MO02 dFL, [F7)&A 50-5,000ppm
09.2%7.8mm(§y1.2¢) = 1A PP
S| Vo3 GSBT11 VOCS(E235) 1-100ppm
Hl=
y TGS 816
A4 Mo4 We, a3 B 500-10,000ppm
@19.5%16.5mm(#7.79)
TGS 826
MO05 . NH; 30-300ppm
©19.5 % 16.5mm(#7.7g)
TGS 823
MO6 dFE, F7]8A 50-5,000ppm
©19.5x 16.5mm(§7.72) e PP
EO1 NH; 3E 100 NH; 0-100ppm
7]
S5t E02 NE-H»5-50 HoS 0-50ppm
El4 Alc/M-100 e 0-100ppm
% 0-20ppm
_ P01 PNZPP 6018002 VOCs )
o3} (isobutylene base)

(2 4d2

O Q4+ 1718 AAF(GC, Sensor type)E o] &3+ X9 dn| AR HA

A=, 7|3t W& MFAx 2 FAAAY FuAHES GC type MAAE o] &3t &
A8kt MXT-59F MXT-1701 + 7FA Y& o] &3t A 48 WPt a, w4 2
TR ARZvEIH S 19 3940 YEddn. FH4E E4PCAL tatd 54 HEH=E
o] Fozl HlolE ] sty w2 AdAdAe BRE FAFHA F2 APoE AdES FAA
71 o= dlolE] A W ol shutoln, B AFelA X & EAe Ho W &
AS fgt] FAE BAPCAS 33t 11 23 AFde% 10C, 20CY 43¢ 27 54
71Zko] Aol wet Frk 1‘%-91 }Ol% HEgstA 28 7 dAA(TE 3.95), F4 AFE 4
A & = F9 542 & 347 ~ & 3529} 2t} Sensor type &4F HAAFFL] HHF AR
e =7 U 9 yEelsow, GHHEAM R ?”ﬂoi =2 g S0 ek &
ngE SAo] EVbssttta AARENCH, A= v & 3.533% Zoh
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¥ 3.47. 4k 117}

g HAE(GC type)E ol-&¢ =X gFr]AdE(10T)

Retention
Column No. i Compound names
Time (s)
1 14.74 Butane, isobutane, 1-butene,l,3-butadiene
5 16.39 Ethanol, dimethylamine, (Z)-2-butene,
' fluorotrimethyl-silane, (E)-2-butene
3 20.79 Acetonitrile, carbon disulfide, tert-butylmethylether
A 2191 butanol, butane-2,3-dione, 2-mercaptoethanol,
' 1,2-dichloro-, (E)-ethene, butane2-one
5 999 Ethylacetate, Diisopropyl ehter, 2-methylfuran,
' (Z)-1,2-dichloro Ethane, Methyl 2-propenoate
MXT-5 6 28.64 pentan-2-ol, 2,3-pentanedione, 2,2,4-trimethylpentane,
' acetoin, hexamethyldisiloxane
heptane,
7 29.84 divromomethane,2,3-pentanedione, 1,4-dioxane,
bromodichloro methane
g 33,62 2-methylpentanal,toluene, ethyl isobutyrate,
' propylenglycol, 2-methylpropanoic acid
2-methylbutanoic acid, 3-methylbutanoic acid,
9 40.83 2-furanmethanol, 2-methyl-3-furanthiol,
(Z)-2-hexen-1-ol
) 21,69 acetonitrile, carbon disulfide, 1-propanol,
' 2-methylfuran, ethane, 1,1-dichloro-
9 99 83 butanol, butane-2,3-dione, cyclohexane, actonitrile,
' ethyl acetate
5 9345 methyl 2-propenoate, (Z)-1,2-dichloro-ethene,
' 2,2,4-trimethylpentane, chloroform, ethyl acetate
A 28,33 n-butanol, but-(E)-2-enal, 1-methoxy-2-propanol,
' ethyl propanoate, 1-penten-3-one
n-butanol, 1-methoxy-2-propanol, 1,2-dichloropropane,
MXT-1701 S 29.19
propyl acetate, ethyl propanoate
6 30.02 2-methylpentanal, toluene, 2,4-octadiene,
' (E)-2-octene, 2-methylthiophene
7 36.91 1-hexen-3-ol, 1,3-dichloro-propane, pentanol,
' 1-hexen-3-one, (E)-2-pentenal
8 39.41 2-mercaptoethnol, 2-methyl-3-furanthiol, m-Xylene,
' 1,4-dimethylbenzene, isoamyl acetate
9 44.99 vinylpyrazine, bromobenzene, 1,2,3-trichloro-propane,
' myrcene, 1,3,5-trimethylbenzene
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¥ 3.48. &4k 117

18 AAF(GC type)E ©l&3 viFA R o] FrA&20T)

Column | No. Re.tention Compound names
Time (s)
1 14.72 Butane,isobutane,1-butane, 1,3-butadiene
5 163 ethanool,methanol,dimetylamine, (Z)-2-butene,
fluorotrimethyl-silane,
5 20.05 1-propanol, acrylonitrile, 2- methylropropanal,
2-propanol, furan
A 20.75 acetonitrile, carbon disulfide, tert-burylmethylether,
1-chloropropane, methylnitrate
. 99 88 2-methylfuran, ethyl acetate, diisopropyl ether,
(Z)-1,2-dichloro-ethene, methyl 2-propanoate
MXT-5 6 20.83 1,2-dichloropropane, ethyl propanoate, propyl acetate,
1,4-dioxane, pentanal
7 1910 2-methyl-1-butanol, 2-methyl-1-butanol, dimethyl
disulfide, (E)-3-penten-2-one, e-methyl-1-butanol
g 13,61 2-methylpentanal, toluene, ethyl ispbutyrate, propanoic
acid, propylenglycol
9 40,81 3- methylbutanoic acid, 2-methylbutanoic acid,
2-furanmethanol, 2-methyl 2-furanthil, m-Xylene
10 48.58 alpha-phellandrene, (+)-alpha-phellandrene,
dimethylethylbenzene, myrcene, psi-cumene
1 17.04 ethanol, dimethyl sulfide, ethyl chloride, methyl bromide
9 98.99 1-methyoxy-2-propanol, trometamol, n-butanol, ethyl
propanoate, 1-penten-3-one
MXT-1701 ] 4424 tetraethoxysilane, (-)-,beta.pinene,
1,3,5-trimethylbenzene, vinylpyrazine, sabinene,
A 65 64 2-acetylthiazoline, fenchol, 1-(2-thienyl)-ethanone,
(E,E)-3,5-octadien-2-one, (E,E)-2,4-octadinal

- 149 -




E 349, 92t 171y AAF(GC type)E o] &3 viF X2 v E(4T)
Column | No Re.tent10n Compound names
Time (s)
1 14.95 perfluorononane
2 15.87 Butane, Trimethylamine
3 16.63 Methanol
4 18.09 Methanethiol
5 20.09 2-propanol, 2-methyl-2-propanolm Dichloromethane
6 21.3 Acetonitrile, carbon disulfide, 1-propanol, 2-methylpropanol
7 22.53 butane-2-3-dione, Butanol, 2-mercaproethanol
8 22.75 (Z)-1-2-dichloro-ethane, Methyl 2-propanoate, Butan-2-one
MXT-5 9 2481 Chloroforn, Methyl 2-propenoate, Bromochloro-methane,
Ethyl acetate
. 2713 1-2-dichloroethane, 3-methylbutanol, but-(E)-2-enal,
1-Hydroxy--propanone
3-methylbutanal, 1,2-dichloroethane, but-(E)-2-enal,
11 27.65

1-hydroxy-2-propanone

12 30.26 Methyl isobutyrate, Trichloroethylene, Fluorobenzene, Acetoin

1,2-dichloropropane, Ethyl propanoate, Propyl acetate,

13 31.23 .
1,4-dioxane
1 14.26 Trimethylamine
2 16.15 Methanol, Pentane
3 18.85 Hexane, 2-propanol, Dichloromethane, tert-butylmethylether
4 20.37 2-methylpropanal, Acrylonitrile, Diisopropyl ether
5 22.23 1-propanol, Acetonitrile, Carbon disulfide, 1-1dichloro-ethane
6 9335 Acetonitrile, Carbon disulfide, 1-propanol, Ethyl Acetate,
Methyl 2-propanoate
7 2411 Butane-2,3-dione. Methy 2-propenoate, Butan-2-one, Ethyl
MXT-17 acetate
01 8 25.26 Chloroform, Bronochloro-mathane, 2-butanol
9 26.84 2-ethyll furan, 2-methylbutanal, Thiophene, Fluorobenzene
10 27.91 Methyl isoburyrate, Trichloethylene, Fluorobenzene
11 30.16 1,2-Dichloropropane, Ethyl propanoate, Propyl acetate
19 11 62 1-chloropentane, Dimethyl disulfide, Bromodichloro-methane,
Methyl butanoate
13 44.58 2,5-dimethylpyrazine, (Z)-2-hexen-1-ol, (Z)-4-heptenal
14 46.66 3-methylbutanoic acid, 2-methyl-2-cyclopenten-1-one
15 49.94 Octanal, 2-octanone, 1,5-octadienone
16 51.26 Terponolne, Undecane, Propinylpyrrole
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F# 3.50. 94F 1718 AAF(GC type)g ©] 83 T4 Fr A E(10T)
Column | No. Re.:tention Compound names
Time (s)
1 14.75 Butane, isobutane, 1-butane, 1,3-butadiene
5 16.34 ethanol, dimethylamine, (z)-2-butene,
fluorotrimethyl-silane, (E)-2-butene
5 20.85 acetonitrile, carbon disulfide, tert-butylmethylether,
1-chloropropane, methylnitrate
4 21,08 butanol, 1,1-dichloro-ethane, butane-2,3-dione,
butan-2-one, 2-mercaptoethanol
5 24.07 bromochloro-methane, chloroform, methyl 2-propenoate,
MXTS5 (2)-1,2-dichloro-ethene, ethyl acetate
6 28.67 acetoin, 2,2,4-trimethylpentane, methyl isobutyrate,
hexamethyldksiloxane, haptane
- 29.99 ethyl propanoate, propyl acetate, 1,2-dichloropropane,
1,4-dioxane, bromochloro-methane,
g 43,77 2-methylpentanal, toluene, 2-methylthiophene, pentanol,
ethyl isobutyrate
vinylpyrazine, bromobenzene,
9 45.14 3-mercapto-4-methyl-2-pentanone, methyl hexanoate,
alpha-pinene
1 14.02 trimethylamine
2 17.12 ethanol, ethyl chloride
3 21.80 2-methylfuran, acetonitrile, carbon disulfide
4 22.82 ethyl acetate, acetonitrile, carbon disulfide
5 23.57 2,2, 4-trimethylpentane, trichloroethane
6 28.43 ethyl propanoate, n-butanol,
MXT-1701 1-methoxy-2-propanol, 1-penten-3-one
7 29.31 ethyl propanoate, propyl acetate, 1,2-dichloropropane
8 30.59 2,3-pentanedione, bromodichloro-methane, octane
9 33.11 2-methylpentanal, 2-methylthiophene
10 44.38 alpha-phellandrene, myrcene
1 48.20 octanal, trimethylpyrazine,.
trans-hex-2-enyl acetate, 1,8-cineole
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# 351 &4t a7ty AAF(GC type)E o] &3 T4 A o FrjAE(207T)

Retention
Column | No. i Compound names
Time (s)
1 14.93 Butane, isobutene, 1-butene, 1,3-butadiene, methyl
' formate
2 16.55 ethanol, methanol, dimethylamine, (Z)-2-butene
5 213 butane-2,3-dione, carbon disulfide, acetonirile,
' 2-mercaptoethanol, tert-butylmethylether
vinyl acetate, hexane, butan-2-one, butanol,
4 22.42
S(+)-2-butanol
. 9363 acetic acid, 2-methylfuran, diisopropyl ether, ethyl
' acetate, methyl 2-propenoate
6 9474 1-butanamine, bromochloro-methane, chloroform, acetic
' acid, 3-methylfuran
MXT-5 7 26.02 trichloroethane, but-(E)-2-enal, n-butanol, benzene,
' 1-hydroxy-2-propanone
g 3119 ethyl propanoate, pyridine, 3-methyl-1-butanol,
' (E)-3-penten-2-one, propyl acetate
methyl 2-methylbutanoate, 2,3-butanediol,
9 35.28 cyclopentanone, 2-methylthiophene,
N-N-dimethyl-formanide,
1,4-dichloro-butane, 2-methyl-2-cyclopenten-1-one,
10 43.39 1,1,2,2,~tetrachloro-ethane, 2-acetyl-1-pyrrolind,
pentanoic acid
1 4773 psi-cumene, phenol, dimethylethylbenzene, dimethyl
' trisulfide, (-)-.beta-pinene
1 17.35 dimethyl sulfide, ethanol, 1,1-dichloroethene
2 22.17 cyclohexane, ethyl acetae, carbon disulfid, acetonitrilee
5 20.15 acetic acid, ethyl propanoate,
' 1-penten-3-one,1-methoxy-2-propanol
MXT-1701 | 30.06 pent-1-en-3-ol, acetic acid
5 36.47 (E)-3-hexenal, butyl acetate, (Z)-3-hexenal, hexanal
(E)-2-hexenal, (Z)-3-hexen-1-ol,
6 40.71 3-methyl-cyclopentanone, 1R-(+)-alpha-pinene,
1S-(-)-a-pinene
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& 352, 9%F 371y HAF(GC type)E o] &3 T4 X 9] &Fn A £(4T)
Retention
Column | No. i Compound names
Time (s)
1 14.94 Perfluorononane, Hexadecafluoro-heptane
2 15.89 Trimethylamine, Butane
3 16.61 Methanol
4 920.09 2-propanol, 2-methyl-2-propanol, Dichloromethane,
: Pentane
5 9198 Acetonitrile, Carbon disulfide,1-Propanol,
: 2-methylpropanal
~ Methyl 2-propenoate, (Z)-1,2-dichloro-ethane, Ethyl
MXT= 6 24.79 acetate, Acetic acid
7 30.14 Hexamethyldisiloxane, 2,2,4-trimethylpentane,
: Tromethamol, 1-penten-3-one
3 3121 Dibromonethane, 1,4-dioxane, 1,2-dichloropropane,
: 2,3-pentanedione
9 35.32 1-chloropentane, Dimethyl disulfide,
: 2-methylpentanal, Ethyl isobutyrate
10 47.64 Bromobenzene, 2-acetyl-1-pyrroline, Vinylpyrazine
11 51.83 Octanal, 1,5-octadienone, 2-octanone
1 14.31 Trimethylamine
2 16.19 pentane, Methanol
3 18.77 2-propanol, Hexane, tert-butylmethylether
4 20.35 2-methylpropanal, Acrylonitrile, Diisopropyl ether
Acettic acid. 1-methoxy-2-propanol,
MXT-1701 | 5 30.18 1,2-dichloropropane
6 31.12 Dibromonethane, 1,4-dioxane, 1-chloropentane
7 34 99 2-methylthiophene, Methyl 2-methylbutanocate,Ethyl
: isobutyrate
8 45.84 Bromobenzene, 2-acetyl-1-pyrroline, Sabinene
9 4991 Burylbenzene, gamma-terpinene, Benzaldehyde,

pentanoic acid, Octanal
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Cid
)

E7Y%] (10°C, 0-129€ A%)

h s,
#l520] (20°C, 0-30% A7) F770] (20°C, 0-30% A7)
—— o8]
e =
2R (4°C, 0-12F A7) F770R] (4°C, 0-12F A%)
19 3.95. 4t 3171E HAAFE(GC type)E o] &3 vlF X, =770 4] 4 E(PCA) &4
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¥ 353 A B E 9ty AT Fu|HE =3

Sensor
NH; H>S VOC Odor

Sample

50 g 0.25+0.02 1.01+0.08 2.16£0.19 335.00+£16.31

100 g 0.43+0.06 1.30+.07 2.63+0.12 407.33+35.39
Hj =2 %] 150 g 0.48+0.03 1.96+0.23 3.99+0.31 534.00£26.62

250 g 0.32+0.02 1.49+0.15 2.38%0.16 470.33+13.96

500 g 0.35+0.02 1.22+0.18 2.75%0.36 379.00+22.20

50 g 0.42+0.00 4.37£0.25 7.54£0.36 548.33+£17.13

100 g 0.46£0.02 4.00+0.72 6.65+1.21 630.00+10.15
=7+ X 150 g 0.55+0.02 5.01+0.58 6.40+0.30 679.33120.24

250 g 0.63+0.03 5.70+0.23 6.01+0.22 742.00+£10.42

500 g 0.68+0.05 5.89+0.21 9.36+0.32 835.00+6.98
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& 354 AAE 47 F7Ish ASF mE T BFY AAze] Fu R vmEA
Sensor
MO1 M02 MO3 MO04 MO05

Sample
1.000 g | 200.47+0.38 201.80+1.47 1.26+0.01 154.50+2.25 321.90+0.70
0.500 g 196.63+0.55 204.17+1.88 0.76 £0.04 131.78+1.62 275.78+1.74
16 L 0.250 g 183.73+4.86 142.57+1.63 0.82+0.02 106.60+1.15 247.30+1.73
0.125 g 156.97+2.75 141.23+3.41 0.96+0.01 80.63+3.12 193.67+7.80
0.060 g 135.10£5.10 90.74£2.23 0.80£0.07 58.83+1.90 149.53+3.31
0.723 g 186.53+1.00 195.30£0.70 1.17+0.03 145.60+0.61 301.33+1.53
1L 0.362 g 189.87+1.88 199.10+2.41 0.84£0.04 122.30+5.98 277.00%£2.95
0.181 g 152.50+2.01 142.67+2.95 0.82+0.03 104.47+3.85 242.97+6.96
0.090 g 143.43+2.02 137.77+£1.77 0.86+0.01 93.04+1.16 213.00+3.26
0.378 g 191.63+6.58 199.40+4.64 1.30+0.05 138.23+9.23 299.27+2.93
0.409 g | 201.43+6.74 203.07+2.82 1.16+0.03 146.50+2.91 315.77+3.13
05 L 0.189 g 190.57+0.42 200.63+1.17 0.66+0.02 121.60+1.56 265.27+0.72
0.095 g 161.53+0.32 146.00£0.70 0.75£0.02 104.37+1.36 246.00+4.47
0.050 g 144.47+0.90 147.30£2.65 1.02+0.08 92.42+1.95 211.13£5.95
0.156 g 134.00£2.34 139.27+£1.77 0.99+0.06 73.42+14.41 201.40%0.00
0.95 L 0.078 g 189.93+1.31 166.23+4.05 0.81£0.13 104.73£1.95 239.07£3.43
0.039 g 147.43+1.29 147.83+£5.65 0.76 £0.04 85.79£5.31 209.33£6.07
0.020 g 136.93£8.35 129.30£5.93 0.90£0.04 67.9811.60 143.97+19.08

Sensor
MO06 EO01 E02 E1l4 P01

Sample
1.000 g 0.08+0.00 14.01+0.17 15.35+0.13 136.97£4.47 201.57+1.62
0.500 g 0.46£0.35 9.58+0.34 51.95+1.66 128.43+0.70 140.27+1.07
16 L 0.250 g 0.06£0.01 9.39+0.35 15.36+0.12 77.92+0.06 77.84+0.25
0.125 g 0.08+0.01 8.50+0.13 12.52+2.57 63.22+12.48 54.12+7.59
0.060 g 0.06 £0.00 9.06+0.51 12.84+4.64 15.40+0.07 15.40+0.11
0.723 g 0.08+0.01 14.23+0.02 15.33+0.04 137.00+1.48 200.70+2.76
1L 0.362 g 0.07£0.01 9.33+0.16 55.39£5.18 138.13+1.93 136.23+6.28
0.181 g 0.07+0.00 9.23+0.37 15.40+0.19 70.63+10.86 73.52+3.92
0.090 g 0.05+0.01 9.01+0.08 12.04+3.33 15.50£0.07 52.32+1.56
0378 g 0.07+0.02 12.450.18 9.27+0.78 15.49+0.01 140.17+0.32
0.409 g 0.07+0.02 15.19+0.01 14.38+1.57 290.40+46.33  175.13+30.02
05 L 0.189 g 0.08+0.00 9.70+0.50 15.45+0.11 303.60+35.94 77.71+0.44
0.09 g 0.060.01 9.53+0.20 15.66+0.17 122.13+15.60 76.54+1.78
0.050 g 0.07+0.01 9.34+0.90 12.83+0.31 76.42+1.06 50.34+2.91
0.156 g 0.06 £0.00 15.29+0.41 12.86+4.48 72.12+10.02 74.64+4.38
0.95 L 0.078 g 0.07£0.01 10.28+0.16 14.25+1.30 178.37+£32.91 65.98 +1.58
0.039 g 0.09£0.01 9.14+0.16 14.47+1.85 75.97+£1.01 15.40+0.09
0.020 g 0.07£0.01 9.04+0.37 12.74+0.58 66.71+14.42 15.31+£0.35
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@ AEF w2 ) Rg¥ 7z (Sensor type)e] F AT A

A Al A A ANgges Aty st wjFAA ] ol WMEE Fo] HAA
B AANFYT AEE7]= 1.6 L 8715 ol &3tgon A9 e 0~6 g2 wjF71x] <
1070] Aol e 7188 BAstden 19 397, 3.98% & 3.55¢] Uehdeh w54

o
2o AFgFo w2 ZF Ao mavus B3 A, A8 oo] ZylE £E o alA
13-4k YE ST /‘ﬂ/‘ﬂ M03 M06, E01-S A28k AAAE x4 == AF lﬂ_i
Al % tﬂi}rﬂﬂJ @Xqﬁ]T(R2)~ B
o)
50

EO1 60 EO2
\
13.0 (NH;) % (H,5) B
3 y=1.4861x%- 1.8471x + 12. 571
12.5 _ R = 09309 .
- = 40 .
g _—_— y=0.2115rn{x:“+_ 11.687 E,
= o . .. RY=0.2736 r 30
s .' & - e 8
2 115 £
] w 20
oo g ® cee e o .. ]
11.0 W [
® L]
10.5 0
0 1 2 3 4 5 6 7 0 1 2 3 4 b (7] 7
Sample weight (g) Sample weight (g)
El4 P01
140 160
(alcohol) = (VOCs)
120 140 e
100 .¥.=23.8201i(3) s 70.645 120 y=22231x+ 11217
- 2 w i
= R® = 0.8643 3 _R¥=0.9523
& g 100
= 80 ¥ ® =
S i 5 B0 °
60 o
g %o, ® £ 60 g
wvi v L]
40 i 40
= - 20 ,lltr- L]
o ]
0 1 2 3 4 5 6 7 0 i 2 3 4 5 6 7
Sample weight @ Sample weight (g)

0% 3.97. WERA e AR e FulgE EH0
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Sensor signal
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Sensor signal
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Sensor signal
s B B & B8
g2 B8 ] 8 =]
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Mo1

(H,,EtOH,isobutane) .
v =22.714In{x) + 159.36 ¢
B a5k v A e 200
i :
ey
]
- 150
(=]
g
=
-]
w
100
50
2 3 1 5 . .
Sample weight (g}
Mo03
VOCs(toluene) -
140
L . _
------ 2 2 120
s
]
= 100
Q
a
E 80
60
40
2 3 4 5 . ,
Sample weight (g)
051
(NH;)
¥ = 36.667In(x) + 257.2. i
ot “R*Z 0.959 e
= 0.48
£
B 047
w
= 0.46
2
g 045
" 044
0.43
0.42
0.41
2 3 4 . 5 ,

Sample weight (g)

Y 3.98. wiFAA & ARl w
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Mo2

(alcohol,organic solvent)

o= 25.702In(x)}+-167:55 '@

R® = 0.8945
ot @
L2
L
I 2 3 4 5 7]
Sample weight (g)
mMo4
(MeOH,propane,butane)
—— 22:4&8In(x] + 10259
- R =0.9836
. .
o«
,"
*
.
0 1 2 3 4 5 5]
Sample weight (g)
MoO6
R (alcohol,organic solvent)
.2 .
L
® ° ¥ =-0.0059% ¥ 04607 _
R? = 0.1402 *
1 2 3 4 5 6
Sample weight (g)
=2 5 =0 B
E FrAAE E40Q)



3£ 3.55. HiFA A o] A BF WE ?

st
=)
o
A
A

1

Sensor
MO1 MO02 MO03 MO04 MO05
Sample(g)

0 71.88+1.82 58.49+1.70 0.97+0.05 21.68+0.53  169.70+0.36
0.1 93.15+1.14 86.89+1.80 1.44+0.01 48.93+2.38  156.27+2.15
0.2 133.80+5.37 138.07+5.46  2.24+0.16 71.67+0.88  194.80+9.88
0.3 141.83+4.15 149.90+1.56  1.90£0.08 77.01+£1.15  229.80+2.98
0.4 142.83+£2.25 153.23+2.21  2.18%+0.03 83.29+1.53  226.23+2.20
0.5 140.23+1.94 152.60+0.72  1.73£0.06 80.00+0.11  229.00+5.35
0.7 154.90+4.69 156.97+2.63  2.16+0.14 95.60+1.63  250.23£2.99

1 157.57+2.51 163.83+6.35  2.39+£0.18  106.90£3.22 263.37£3.36
15 157.57+1.76 164.97+2.42  2.03+0.13  110.23+2.84 276.73+0.85

180.73+£20.77  200.47+£3.11  2.17+0.08  124.40+3.84 294.60+1.11
204.97+6.82 211.23+291  2.01£0.13  143.90+5.23 312.10%8.79
Sensor
MO06 EO01 E02 El4 P01
Sample(g)

0 0.47+0.02 7.26+0.08 6.99+0.60 15.56+0.01 7.56+0.06
0.1 0.50+0.01 10.70+0.42 8.89+1.06 15.52+0.06 11.75+0.59
0.2 0.43+0.03 11.77+0.23 6.41+1.06 15.47+0.06 15.28+0.08
0.3 0.43+0.00 11.16+0.02  15.42+0.17 57.87+1.38 15.46+0.10
0.4 0.46+0.03 11.62+0.14  10.41+1.38  55.58+0.14  15.28%+0.25
0.5 0.50+0.03 11.25+0.09  15.00+£0.40  52.90+5.51 15.48+0.02
0.7 0.44+0.02 11.66+0.10  15.29+0.04  57.49+1.20  15.14+0.23

1 0.45+0.03 12.60+0.12  15.51+£0.05 71.06*=2.08  49.14+0.44
15 0.43+0.01 11.91+0.13  15.35+£0.09  77.63*£0.29  61.22+0.84

3 0.46+0.02 11.72+£0.10  1543+0.09  76.83+0.33  77.58=+0.25

6 0.42+0.05 11.67+£0.13  55.94+3.44 132.10+4.88 140.40+0.10

- 160 -
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Sensor signal
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Mo2

(alcohol,organic solvent)

_¥.=29.222n(x} + 195.45
R®=0.827 -

1 2 3 4 5 B
Sample weight (g)

Mo4
(MeOH,propane,butane)
' y=30.43In(x) + 133.37
e 8. R? = 0.9517
.58
P,
s
1 2 3 4 5 6
Sample weight (g)
Mo06
(alcohol,organic solvent)
L
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¢ " ¥ = 0.00ain(x) + 0.4641
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L ]
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0 1 2 3 4 5 6
Sample weight (g)
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& 356 F24 A9 AB] PR B
Sensor
Sample® MO1 MO02 MO03 M04 MO05
0 71.88+1.82 58.49+1.70 0.97+0.05 21.68+0.53 169.70+0.36
0.05 77.94+0.41 74.52+4.42 1.31+0.17 30.16+2.32 99.97+9.67
0.1 101.23£7.06 137.30£7.59 1.52+0.34 56.98+9.01 174.70+12.54
0.2 138.47£5.73 148.07+14.78 1.55+0.04 81.46+10.44 205.60+9.01
0.3 159.40+0.62 160.27+2.54 2.19£0.15 103.64+5.35 231.27£7.59
0.4 166.43+7.68 164.10£10.57 2.20+0.14 117.97+£4.07 245.70+4.39
0.5 166.00£9.30 193.57+4.29 2.23%£0.37 116.72+10.16  254.13£9.75
0.7 208.23£4.69 212.70+1.64 2.22+0.18 139.13£3.45 266.97£2.25
1 206.35+3.46 211.00+4.29 3.30+0.33 139.58+£2.72  269.25+16.05
15 205.00£2.61 213.43%6.72 3.68+0.10 136.10+11.17  292.40%6.29
3 215.63£4.02 219.53+9.32 4.55+0.15 159.07£7.30 306.47+7.78
6 223.10+4.23 217.23+28.48 4.59+0.70 179.93+£2.06  317.83%+10.77
Sensoer
Sample@ MO06 EO01 E02 El4 P01
0 0.47%0.02 7.26+0.08 6.9920.60 15.56£0.01 7.56+0.06
0.05 0.460.01 9.44+0.26 4.98+0.49 15.50£0.06 9.25+1.43
0.1 0.46+0.01 9.75+0.41 6.57+1.14 15.47+0.03 14.91+0.68
0.2 0.45+0.03 10.58+0.33 7.56+2.36 15.52+0.03 15.51+0.01
0.3 0.48+0.02 11.60+0.34 8.81+0.54 15.47+0.11 15.26+0.44
0.4 0.460.01 10.59£1.03 11.53+0.39 58.97£2.53 52.00£5.54
0.5 0.43+0.03 11.03£0.83 12.22+£3.50 15.33£0.20 11.84+3.15
0.7 0.49+0.04 11.41+£1.03 15.39£0.12 15.52+0.02 64.17+8.01
1 0.48+0.01 11.64+0.78 14.69+0.80 15.47+0.08 76.75+1.72
15 0.45+0.02 12.27+0.15 15.15+0.48 67.05+12.10 76.53+1.42
3 0.43+0.03 12.70£0.14 15.41£0.12 152.57+34.80  159.83+37.36
6 0.50%0.04 12.39+0.62 55.54+£17.67 192.60£9.30  257.90%15.49
3. 44 AR A AR wets $ Fvl FARe
7h As Y
A 713t e A& HIE 45t A shglen, MiFdxet F4AAE ARE AR

U 4
T ZAAERE Wl 913

o PHAR FUEe BFFGA G ZANNE T Y Axd
AAE TSt o, TA® AAARE 4, 10, 20 TolA Zz 125, 129, 309744 A% 2
B@ste] BHE ARE ASSAT
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e

oy

L A3

d

(D pH ¥ A=

pHe A& 500 g= 7 #9182 dsst AFste] v &, 479 A== Ao 1 F,
A 54-& pH meter(pH Electrode blue line 12, SCHORR Instruments, Germany)E A}-83le 33

HEE =A% 02 Hd3S 73dt AAMEE AR 500 g 2 BHEE #4534 AAF s
o ma3d & 47489 ARZ Zoh A5Y 20 mLE 0.1 N NaOH&4 o 2 pH7} 8.3°] & w7}
A AASATE AAA B A= (%)= AHlE NaOHE& N o] An|HEHS ZAHs e Lo 21(3-13)
S T3l ALtk
Z=B)¥E NaOH (mL) < NaOH2] <7} %< 0.009
A= (%) = AR AT EH A NS (i) 100 -+ 2}(3-13)

2 9=

GE= AR 500 g5 ZF FEE Fs3tA AMASA vl 3 AlE 1 g& 100 8} 3435}

T, 343 3ANEe ofFx|(Advantec no.DE 2 ABZ AFLIIYET A2 10 mLE Hs}
o] 2% Potassium chromate(K2CrO4) 1 mLE 231, 0.02 N AgNO3Z HAsle] AnjE 0.02 N
AgNO3&H ] aulg S48t a9 HG-14H)E S d=%E AxtstAdd.

(A—B)><0.00117 X f XD
S

oA71A. A B AlF A&v]E 0.02 N AgNO3 &9 mL,
B: uleA &l 4nB1E 0.02 N AgNO3 &9 mL,
f:0.02 N AgNO3 & ¢] o7},
D : 3 Aul,
S A=A )

AL (%)= X100 --- 2}(3-14)

Q) T

Y= Blender2 7t wEdEle AEE AZXE o83t F& &AW F HAND -HELD
REFRACTOMETER (A-10E, ATAGO, Japan)& Ah&3te =433t

4) A

g dde DNSHoZ 43314 th blenderZ 3+ HESAE]o] AR oF 1 g& A3 Do} AT
3] 34 (eF 50 wpste] o y(Advantec no. DI & 3} 1 mLoll DNS AJeF 3 mLE Eo SA4]

vortex mixer®Z Egsta E= Eo HEI F=EHIYT. Ao Wid & =/ 16 mLE
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)443l UV-VIS spectrophotometer(SHIMADZU, UV1800, Japan)E AF&-3le] 550 nmoll A &%
TE ZAstgen, ou ma T 2 glucose EEFAC o) UG FHFE AEIA

(6) #H7t

7130 mE AR HeHIE At AMEY AARZ ZAHF Fr AR wstel #

bl BBAE W AFERA HAck ARE AEE WF L FAPAE 10° Coll A

A FedAbdl AREE T FeHANEE A4 Yol Bl RIZF dde By &
A= R g

e 10%s AAste] & Al Fost=s st dedAtel X

Mot B

o] U= SensMine =S FEton, 93 F5 HEE ol&sty 4 FHER =
E FASIESE st HrtES odolA de] o AR A, FrldA XU,

1, PtE®, ALFE, olF(GF A1 ), gtolA & ojut, &
AaoA FeEE mnh), olu, A A ofatsl Ax TE
&

o
T

, AEE FAsHoH,
75 xs FHRHAY VEEE FANSEE SRt FrFE AFHIL et FA4
(Principal component analysis; PCA)< Adste] A1FAHE 7 2 A2FAHAE s T34

A
)
3}
&
=
T.IT
3=
o]
&
A
'E‘
3

Ao grlEe FRIAT.

Ao 2o Nk ol of

2 8 (o

A= Aol el 10, 20, 4° ColA 247} 129), 309, 125 ek Agse pH 2
HYAEs ZPstach. A S4el Aol met pHE FH Sobdm BEE Frse
2 Bol sz BRI MFYA @ FAYAY SHPYR AN EF 25} 22

<1 %e]

2 pHel vl weEA APHE AL A MERA] A, 27 pHE 56000

Lo

- 165 -



375.70+0.01¢) HMYE Jebron, 10CoA AAT ALolE= 29714 pH 5.72+0.01F A4
3 Z71s0 ol% AR 12971A & pHrb WEAl Zastdth 1 Fol: pH 4.33+0.01°
4.21%0.022 A9 A FAHUT. 20T AA A wiFAA = 24AFH 543 7H435)
R A 129 o] Foll= pH 3.59+0.01~3.49+0.012 Aol LAA FA=H At

4CAAN ART A= 1F/REH 5438 Taste] 8F o|Fo& 4.14+0.02 ~4.14+0.03&
ASA FAES & T AU AF7HA Basolxl A7) X9 pHe 4.2~4.4 Mo,
B gl ALEE 4l % 433, 20C ] 7<% A% 29| pH
4.30, 4C ¢ A5 A% 370l pH 4.222 A4 7)o EEstd o, BE AlRAdA 2571 &5
F2 A7)0 wade s, B ] 0.3370.38%° WS HYOo
M 10CoA 1298 1.12%, 4C 12Fate] L1%7HA 27132 8918 24 gtk 20C Z7]4
A AF3e AR 2470 G433 Vst AR 0L A AN 2.44%E YEN S A=t b =
olF & FRIsHH . th2 WF A AA7|Zte] wE pH 2 HA4l=e WHSlE 9 3.102
~ 1% 31049 ® 3.579] UERNATH

>~
b
rr

-

6.50
- 140
6.00
~ - 120
5.50 A
\ - 100
5.00 g
r \ ' - 080 &
[=9
e / ‘\y—a"‘\v—ﬁ-‘.—“* o060 F ¢ pH
—l— A
e | — - 0.40 =
3.50 - 020
3.00 T 0.00

g I 2% 3 4 5 & F 2 9 10 11 12

Storage periods (days)

% 3102, viFZIX o AA7)3te] mE pH B A= ®3H10T)
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pH

pH

6.50 3.00

2100 - 250
— rr\é
L 200
I=
5.00 2.
\ - 150 &
450 2 —epH
4.00 s —_—
350 - - 030
3{}8 T T T T T T T T T T T T T T T 000

o 2 4 6 8 1012 14 16 18 20 22 24 26 28 30

Storage periods (days)

19 3.103. wiFA A 9] A&7l @& pH B A= ¥ 3H20T)

6.50
- 140
.00
< - 120
5.50
- 1.00
5.00 5
: - ps0 =
o
4.50 W - 060 & —4+—pH
—— A
s | - 040 i
3.50 - 020
3{}0 T T T T T T T T T T T T DGD

g I ZF 2 =94 & 6 7 & 9 1011 12

Storage periods (weeks)

19 3.104. viFA A& A A7IZbe] ©E pH B 4bE W 3H4T)
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3 357 wWiFAA e A 2= 5 7|3te] wE pH 3 4t W

A= 10T A% 20C AL 4C
A Z)V‘} oH wxe | Z)W pH wwe | :;]7‘“} pH (%)
0 5.70+0.01 | 0.33+0.00 0 5.60£0.03 | 0.38+0.00 0 5.70£0.01 | 0.33+0.00
1 5.58%0.03 | 0.39+0.00 2 4.30+0.02 | 0.87%0.00 1 4.70+0.01 | 0.61£0.00
2 5.72+0.01 | 0.35+0.00 4 4.03+0.01 | 1.09+0.00 2 4.51+0.04 | 0.87+0.00
3 4.75+0.02 | 0.56%0.00 6 3.94+0.02 | 1.394+0.00 3 4.22+0.03 | 0.99£0.00
4 4.51+0.02 | 0.73%£0.00 8 3.68+0.03 | 1.58+0.00 4 4.19+0.01 | 1.01£0.00
5 4.33+£0.02 | 0.75£0.01 10 3.71+0.01 | 1.73+0.00 5 4.14+0.02 | 1.06+0.00
6 4.34+0.03 | 0.93£0.00 12 3.59+0.01 | 1.75+0.00 6 4.27+£0.01 | 1.14+1.11
7 4.43+0.03 | 0.87%0.00 14 3.61%x0.01 | 1.89+0.00 7 4.20%+0.02 | 1.11£0.00
8 4.34+0.03 | 1.02+0.00 16 3.62+0.01 | 2.17+0.00 8 4.14+0.02 | 1.08+0.00
9 4.37+0.02 | 1.04%0.00 18 3.58%+0.02 | 1.90£0.00 9 4.13+0.01 | 1.11£0.00
10 4.32+0.02 | 1.00£0.00 20 3.60%+0.01 | 2.23+£0.00 10 4.14+0.02 | 1.18£0.00
11 4.29+0.03 | 0.97£0.00 22 3.50+0.01 | 2.34+0.00 11 4.11+£0.02 | 1.04+0.00
12 4.21+£0.02 | 1.12+0.00 24 3.51+0.01 | 2.42+0.00 12 4.14+0.03 | 1.11£0.00
26 3.61+0.01 | 2.09+0.00
28 3.48+0.01 | 2.22+0.00
30 3.49+0.01 | 2.44+0.00
W E=
HFAXe] A% &= 9 7|3t 2 9= Wals & 3583 2o 7] 9= 10T 9} 4T
o] 79 1.78+0.03%2 SUF FH< UJERAAI, 20T A 2.00+0.01 % = o] A
71ZF &9 & Wsle #EEHA Yotk
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=]
w
o
oo
=
o
oy,
ﬁq{
o
2
)
rlo
bl
YE,
N
A
2
R
i
8
b
=9
ot

(%9 %)
A= 10T AZLe= 20T AFLE 4T
A 7%&717H YD) 4= A 71 7HL) 2= A7 717HF) =

0 1.78+0.03 0 2.00+0.01 0 1.78+0.03
1 1.82+0.01 2 2.02+0.01 1 1.22+0.01
2 1.72+0.02 4 2.12+0.01 2 1.69+0.03
3 1.57+0.01 6 2.06+0.01 3 2.16+.0.02
4 1.60+0.01 8 2.02+0.02 4 2.16+0.00
5 1.58+0.01 10 2.04+0.01 5 1.74+.02
6 1.69+0.01 12 2.05+0.01 6 2.04+0.02
7 1.44+0.01 14 1.97+0.02 7 1.70+0.00
8 2.01+0.01 16 2.30+0.02 8 2.01+0.04
9 2.13+0.01 18 1.84+0.02 9 2.04+0.01
10 1.49+0.04 20 2.28+0.03 10 2.57+0.04
11 1.47+0.01 22 2.14+0.04 11 1.73+0.02
12 1.78+0.01 24 1.90+0.01 12 2.08+0.02

26 2.19+0.02

28 1.74+0.05

30 2.01+0.02

(h 4=

MENAe A% e B s me BT Wt
10.87 ° Brix 0.8 Uehtom Ag7|7ko] dojd
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#® 359 WA A% 2= % 7|3t & T W}
o ¢ ° Brix
A= 10T A= 20T AR L= 4C
A 4717HQ) 3= A7 ZHY) 3= A &713HF) 9=
0 10.87£0.12 0 10.50£0.00 0 10.87+0.12
1 10.50+0.00 2 10.50+0.00 1 9.50+0.00
2 10.50+0.00 4 10.50+0.00 2 10.50+0.00
3 10.00+0.00 6 10.50+0.00 3 10.50+0.00
4 10.00+0.00 8 10.00+0.00 4 10.50+0.00
5 9.50+0.00 10 9.50+0.00 5 10.50£0.00
6 9.50+0.00 12 9.50+0.00 6 10.50+0.00
7 9.50+0.00 14 9.00+0.00 7 10.50+0.00
8 11.00+0.00 16 9.00+0.00 8 10.50+0.00
9 11.00£0.00 18 9.00+0.00 9 10.50£0.00
10 10.00£0.00 20 9.00+0.00 10 10.50+0.00
11 9.50+0.00 22 9.00+0.00 11 9.50+0.00
12 10.50+0.00 24 8.50+0.00 12 10.00+0.00
26 8.50+0.00
28 8.50+0.00
30 8.50+0.00
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() s

WFAx e AR 5 Al FFS A0 AP wet Ta FAsts o2 AdTE
of3l| acetic acide} alcohol 5o.2 FallH o HA dasts Bd= HAth wMF04 A= A%
AT FFS 40.26+0.04~41.26+0.03 FEOE et S0l WP wet 4 CToll A%
3 AEE B9 FFol MM Zgastda, 10T 20C o AR AR A waA
&t s FAd T 5 AT A 25 5 Ve OE F AT FF WsE & 3.60
I 2

3 3.60. iFA] A 2= 9 7|3k wE gAY Wzt

(%9 . mg/mL)
A% 10T LT 20T AT 4T
A 717K a4 A 771 2K a9 A %713HF) ks

0 41.06+0.04 0 40.26+0.03 0 41.06+0.04
1 42.40+0.36 2 35.56+0.03 1 41.39+0.12
2 45.37+0.26 4 30.59+0.03 2 37.19+0.03
3 40.49+0.31 6 26.85+0.01 3 31.18+.03
4 38.46+0.06 8 20.57+0.02 4 29.04+0.06
5 35.55+0.09 10 15.90+0.01 5 32.05+0.02
6 31.90+0.10 12 18.00+0.02 6 32.82+0.02
7 30.63+0.13 14 16.03+0.02 7 49.81+0.02
8 34.99+0.04 16 12.50+0.00 8 45.41+.0.04
9 34.47+0.06 18 10.73+0.01 9 34.12+0.03
10 32.43+0.01 20 9.01+£0.01 10 49.43+0.03
11 29.36+0.01 22 9.340.04 11 43.22+0.05
12 32.60+0.01 24 8.48+.02 12 33.96+0.06

26 8.26:0.01

28 8.520.02

30 8.55+.01
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Y Az 5gA wiFAX ] ts] 10° ColA 8F Fet AAsH AP HAAZ wF
A=A Fu RS 24319 0h Alcohol7k E£gHE M01, M02, M04, M06, E14 MM EL =5 F7}

st Ade UehdY. XY 4 F AAdEe wE84HE<Q 1,8-cineole, 1-borneol, A
-fencyl alcohol 5] alcohols®= 1 Fo] AFFo|7]= AT & A RS0 Hls)] 4717 u}
2 Azt Z7tsle AEFS By on, o83k alcoholF+ carbonyle] S-S = mjA &9 T
At o3 ATy BaugEnr ok dutd o g X9 sA4Eet d@Ado] At &
72 3elgEoe] xggH AlA M1 A2 47 Foll F7st=
A7) o]Fo wmEA F7HATt oAl Zastdo. =3 VOCs7
R AAasATE F WMEE HolA Font AlA P01S F7

- T d&ﬁ
K
oot
o it
=
>
=
()
w
e rlo
By
N
X,
N

oox oy i A g
P>
ol
ol
rlr
o
o8
o
o
=
r
(=
X

a)

b

[t
=
=
OEL
N
X
e
iih)
)
oY
ﬁ
1o

Bls

gn HEle IA vs7], Ax7), F57|E FES F
MO03(VOCs;toluene) Al A= A 7
Are AA Az T Al
8.990.8 F43] 7radte= A
E14(Alcohol), PO1(VOCs) Al A7} i

83 AAE FRJAFHAT. IF =< =
e B Age Tt 7 dA AA APS 53 SAAEE A= 4 o AR

o},

ooz
L £ oop
o
£ 1o
bas
o
N

i ko oy
o

MoO1 Mo02

(H,,EtOH,isobutane) (alcohol,organic solvent)
300 300
T:“ 250 = 250
= - A = - A
] 5
n
20 ——B L 200 —i—B
w0 Q
E i 2 i
“ 450 &
i [} 150 i [
g e
100 2 E

o 1 2z 3 4 5 & 7 8 100

Storage period (weeks) 0 1 2 3 4 5 6 7 8

Storage period (weeks)
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VOCs(toluene) (MeOH,propane,butane)
6.0 250
5.0
= _ 200
= =
2 a0 T g —-—A
-1 —ir—B - 150 ——B
2 30 =
A i H -
20 v
g [ 100 —— D)
1.0 B ——E
2 3 4 5 & 7 8 50
Storage period (weeks) 1 2 3 4 5 [ r
Storage period (weeks)
(NH;) (alcohol,organic solvent)
400 17
350 -
= ‘_ﬂ -
= =
2 300 =]
e - ® s -
8 zs0 8
= —r— B E —r—B
v
200 i ¥ os — O
i [} i [
150 01
2 3 4 5 6 7 8 - 1 2 3 & 5 & 7 s
Storage period (weeks) Storage period [weeks)
EO1 EO2
(NH;) (H,S)
16 200
14
160
i =
& .5 -A S 120 —&-A
i 2
a =—sir— 5 = —e—p
g s & g0
£ i £ i
w5 w
——— [} - ——— [}
L2 —— ——
2 0
2 3 4 5 6 7 ] 1 2 3 4 5 65 7
Storage period (weeks) Storage period (weeks)
(alcohol)
420 300
350 250
E 280 A E! 200 e
o 210 —sir—B © 150 — 5
5 5
E 140 = § 100 .
i [} i [}
70 c 50 c
0 0
2 3 4 5 5 7 8 1 2 3 4 s & 7
Storage period (weeks) Storage period (weeks)
= = = & )=
% 3.105. viFZIRA 9] A7) te] mE MY HAEZ #4




3 3.61 wiFAA ] A7l mE AAY dAE E4

Sensor
MO1 MO2 MO03 MO04 MO05
Sample
0=+ 154.50+6.53 149.63+3.99 3.72+0.77 89.75+£12.61 227.90+19.97
1 201.73£5.64 198.37+8.33 1.76£0.16 109.93+1.78 272.17+1.98
2 = 207.87+5.27 208.00£5.39 1.70£0.06 173.40+8.97 327.97+7.84
g = 213.50+3.26 205.93£2.80 1.54+0.03 167.60+1.81 335.13+3.15
A 4 F 210.50£0.85 196.57+19.13 1.87£0.10 165.97+18.53 328.00£13.42
5F 258.60+1.47 271.07£2.86 2.10+0.16 171.57+6.40 328.47+4.98
6 T 267.03+£9.00 232.47+10.02 2.24+0.17 189.97+1.07 332.50+4.80
7+ 203.67+3.72 224.07£1.86 2.49+0.04 191.73+0.59 320.87+3.91
8 T 206.23+7.81 185.80+8.09 1.96+0.06 186.53+4.31 323.73+4.85
0=+ 153.63+9.28 153.63+7.91 2.10+0.19 90.52+17.47 252.20+15.22
1 & 154.37+3.98 153.80+8.34 1.89+0.28 90.07+5.87 247.20+9.38
2 T 228.47+1.78 198.20+19.85 1.63£0.04 146.77+£5.16 310.93+4.85
3T 208.10£6.34 205.97+4.45 1.88+0.01 164.33+1.81 331.30£3.15
B 4 217.50+0.90 208.97+3.40 2.12+0.04 161.87+£4.90 328.17+4.80
5F 216.47+3.62 215.63£3.09 1.69+0.12 157.60+4.11 324.93+3.23
6 =+ 221.73£9.25 205.23£2.69 2.18+0.02 173.43+2.04 322.73+2.21
7+ 243.63+£10.45 239.03£6.78 2.21+0.16 177.80+6.55 325.63+2.92
8 + 192.53+0.71 208.40£2.82 2.85+0.04 165.63+0.38 308.60+1.87
0=+ 157.03+1.96 164.47+6.66 2.50+0.25 101.48+3.86 255.00£4.50
1 202.03£1.01 199.97+4.35 2.17+0.18 116.37+4.34 277.33£5.49
2 T 201.07+3.77 214.10+£3.81 1.69+0.08 109.07+1.72 274.33+2.90
3T 206.93+1.90 204.27£1.12 1.63+0.03 174.37+4.40 334.77+1.46
C 4 F 274.60+4.41 251.83£15.66 1.93+0.29 204.03+4.74 343.83+11.31
5F 265.70+0.90 259.30£3.04 2.13+0.11 214.37+2.20 352.47+1.08
6 T 224.13+4.13 214.13+4.12 2.08+0.26 204.03+1.56 340.83+3.44
73 208.33+0.64 176.63+10.46 1.99+0.05 195.63+5.12 330.90+12.34
8 T 199.37+0.81 208.37%1.08 2.22+0.27 190.07+£3.74 327.17£2.41
0 194.27+1.64 208.90+6.97 4.66+0.63 124.97+4.39 283.90+1.93
1 201.53£2.98 218.13+£4.91 2.34+0.08 132.13+1.34 285.07+5.37
2 = 215.47+0.31 228.73£8.90 1.77+£0.04 143.30+3.73 303.67+0.64
3T 213.33£2.84 222.83%£3.39 2.02+0.11 196.73+2.80 339.90+2.34
D 4 F 197.00+1.60 210.77£2.32 1.93+0.13 191.53+5.11 343.23+1.46
5F 203.93+1.27 200.93£1.27 1.75+0.02 201.57+5.40 334.67+8.13
6 =+ 209.73+2.06 220.60£0.17 2.52+0.09 216.93+£2.20 343.00+2.35
7T 211.13+4.24 169.47+6.30 2.15%0.11 202.30£7.81 329.736.79
8 T 205.40+8.00 219.67+0.12 2.3+0.16 201.57+1.78 330.274.74
0 147.60+3.96 147.27+5.40 2.79+0.69 74.63+5.87 220.20£5.91
1 154.57+1.80 153.37+7.84 2.02+0.11 93.34+8.59 220.23+16.14
2 = 205.93+2.00 211.33£3.47 1.83+0.15 180.83+12.14 340.30+12.65
g 216.17+2.59 224.83£2.67 1.40£0.08 174.27+£3.18 334.87+0.31
E 4 F 198.10+1.32 193.00+4.58 2.16+0.28 167.40+4.80 337.97+7.09
B & 204.14+0.65 215.36£1.46 2.08+0.11 175.73+£0.25 327.67+0.98
6 =+ 268.23+1.89 220.10£9.55 1.73+0.09 223.37+5.25 337.63+0.67
7 5 211.03£18.97 204.70+4.28 2.58+0.18 199.70+4.68 333.77£7.11
8 T 210.00+7.56 208.40+7.61 2.04+0.03 179.67+2.20 316.33+2.85
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Sensor

MO06 EO01 E02 E14 P01
Sample
0=+ 0.42+0.06 10.70+0.66 15.45+0.16 57.44+16.88 53.00+7.64
1 0.43+0.05 7.65+0.06 15.35£0.03 103.65+22.86 77.98+0.05
2 = 0.42+0.00 7.52+0.27 140.57+5.60 327.27+0.61 263.80+2.60
3T 0.45+0.02 9.06+0.30 136.24+1.98 301.80+1.45 253.87+1.25
A 4 F 0.65+0.40 6.49+0.24 5.36+0.06 325.53+3.43 245.47+5.84
5 F 1.18+0.02 4.81+1.27 14.71+0.77 301.40+3.86 207.43+3.93
6 T 0.44+0.01 5.99+0.04 72.23+7.76 323.30£7.88 202.97+0.06
7T 0.39+0.05 5.36+0.30 15.42+0.09 320.87+2.90 247.63+11.26
8 + 0.42+0.01 6.41+£0.17 15.45+0.04 327.53£1.80 185.57+10.23
0 0.42+0.07 10.73+0.77 64.89+5.41 89.26+20.91 67.19£15.26
1 0.46+0.04 7.56+0.18 15.47+0.09 59.49+10.64 50.79£1.90
2 = 0.42+0.03 6.85+0.36 76.26+1.27 158.43+32.97 169.73+25.67
3 F 0.44+0.02 9.19+0.13 115.19+2.73 336.57+7.79 205.43+£3.98
B 4 F 1.24+0.10 6.34+0.17 15.45+0.10 322.87£6.99 249.30+13.91
5 F 1.35+0.10 5.36+0.25 15.40+0.03 305.89+4.82 141.10£1.13
6 + 1.44+0.05 6.05+0.27 14.79+1.12 261.83+1.16 176.27+0.78
7+ 0.42+0.01 6.72+0.21 12.4145.22 321.30+6.17 183.0314.22
8 T 0.46%0.05 5.18+0.46 46.95+1.42 136.73+5.05 140.27+0.12
0 0.43+0.03 11.13+0.26 15.35+0.13 77.68+0.45 55.91£2.58
1 0.47+0.03 7.40+0.17 15.34£0.15 87.80£19.07 75.43+4.33
2 T 0.40+0.02 6.79+0.12 14.76£0.95 57.48+3.84 64.67+2.09
3 & 0.87+0.00 7.43+0.17 175.5%1.89 323.6%2.75 264.9+0.25
C 4 F 1.20+0.04 6.25+0.61 15.81+0.78 325.87+6.86 261.77+3.97
5F 1.34+0.09 5.91+0.07 15.29+0.06 326.93+0.81 260.97+5.65
6 T 1.28+0.06 4.88+0.24 15.46+0.11 322.87+4.30 265.43+0.06
7 5 0.43+0.02 5.67+0.33 15.44+0.03 333.93£16.52 263.37+3.09
8 + 0.46+0.03 6.58+0.35 13.51+£3.27 326.47+1.83 202.70+0.00 ..
0+ 0.52+0.03 13.17£0.67 25.93+18.17 129.67+3.07 77.25+0.60
1 0.43+0.01 8.24+0.16 28.05+£21.96 116.80+4.95 106.09+£25.28
2 T 0.46+0.02 7.26+0.13 51.68+1.85 134.77+2.23 140.30+0.10
3 F 0.90+0.04 7.25%0.11 140.50+2.21 324.40+1.41 265.30£0.00
D 4 1.19+0.07 5.96+0.41 15.28+0.09 324.77+2.51 262.97£4.04
5F 1.24+0.03 4.99+0.31 15.61+0.26 318.67+0.71 263.70+2.60
6 =+ 0.44+0.03 5.22+0.21 15.29+0.06 318.43+5.17 260.30+3.64
7+ 0.43+0.03 5.01+£0.09 50.54+3.96 316.93+4.21 264.47+1.45
8 T+ 0.44+0.01 4.62+0.26 54.17+7.49 326.20 +0.61 265.30+0.17
0 0.46+0.03 12.00+0.46 15.41+0.15 60.10£1.88 15.21£0.29
1 0.43+0.02 8.99+0.59 13.51£2.46 15.36+0.13 15.02£0.51
2 & 0.45++0.01 8.28+0.36 136.93+5.38 323.10£3.50 265.33+0.05
3T 0.46+0.01 0.46+0.41 8.84+3.00 183.17+£4.96 296.53+0.00
E 4 0.46+0.07 6.68+0.32 14.26+1.98 326.47+1.79 261.67+6.47
5F 0.50+0.01 5.94+0.09 14.96£0.96 322.35£1.55 242.23£0.64
6 T 0.43+0.01 6.05+0.31 15.48+0.05 322.83+3.07 265.40%0.10
75 0.45+0.01 6.45+0.14 14.66+0.04 140.53+13.26 265.38+0.10
8 T 0.37+0.01 6.16+0.04 15.50+0.06 327.20%1.13 195.93+11.90
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4.90+1.52

6.40+1.26

5.60+2.17

3.70+2.31

3.90+1.29

5.30+2.00

3.50+1.96

3.20£1.87

4.10+1.45

4.90+1.66

4.70+1.83

3.90+1.66

2.90+1.85

6.10+1.37

3.60+1.51

4.20%1.40

5.20+0.63

5.90+1.20

3.80+1.93

4.30+1.89

3.50+1.27

3.90+1.79

3.80+2.25

5.00+1.56

4.90+1.45

4.70+1.25

5.10+1.73

4.60+1.51

4.40+1.78

5.00£1.63

4.80+1.84

4.30+1.16

6.10+£0.88

5.10£1.37

3.30+1.89

6.50+1.84

4.50+1.65

4.50+1.58

5.20£2.04

6.60+0.84

5.10+1.45

4.50+1.08

5.10+1.52

5.10+1.29

4.20+1.87

4.20+2.10

5.10£1.73

4.20+1.55

6.50+0.85

5.20+0.79

3.60+2.07

6.70+1.95

4.60£2.01

4.50+1.72

4.00+1.41

6.90+1.91

6.10+1.20

5.00£1.05

5.90+0.99

4.80+2.04

4.10+2.08

5.40+1.51

4.90+1.52

4.90+1.85

6.90+0.74

4.10+0.88

2.70+1.83

7.20+1.81

4.40+2.01

5.10+2.08

550+1.72

7.40+2.12

5.90+1.10

4.90+0.99

5.80+1.03

5.30+1.83

6.20+1.81

5.20+1.23

4.60+1.78

3.20%1.75

5.20+1.23

5.10£1.37

5.80+2.30

3.20+1.81

5.90+0.88

4.90+1.45

2.70+1.49

2.90+1.52

5.20+1.55

5.90+1.45

6.60+1.43

5.10+1.29

2.90£1.79

6.30+1.25

3.30+1.42

5.00+1.41

6.00+1.05

5.00£1.05

4.10+1.79

5.30+2.00

4.30+1.42

4.40+1.58

2.90+1.45

5.40+1.58

5.40+1.35

4.30+1.06

6.30+1.34

6.00+1.83

3.10+1.45

6.00+0.94

4.00+1.41

5.80+1.87

5.10+0.74

5.40+1.17

3.30+1.64

6.40+1.84

5.40+1.78

4.00+1.33

4.30£2.45

6.90+1.20

5.90+1.29

4.10+1.20

6.80+0.79

5.50+1.72

4.80+1.93

5.80+0.92

3.50+1.43

4.10+1.52

5.20+1.23

5.90+0.57

3.50+2.17

7.00+2.62

4.40£1.96

4.50£1.72

4.30+1.25

7.10+1.85

5.40+1.58

4.40+1.35

7.60+1.07

5.60+2.55

4.80+2.10

5.50£1.78

4.30+2.36

4.20+1.69

5.80+1.14

4.70+1.06

2.60+1.84

7.80+1.55

4.50+1.84

4.90+2.18

5.10+1.45

7.60+1.58

5.80+1.32

4.50+1.51

6.80+1.55

5.50+2.17

5.40+2.17

5.40+1.78

4.20+1.87

3.90+2.23

6.00+0.94

5.40+1.35

5.50+2.27

2.90+1.79

4.70+1.49

4.60+1.17

3.10+2.18

3.20+1.93

5.00+1.41

6.10+0.88

4.30+1.64

4.30+2.11

2.50+1.51

6.10+0.99

3.60+1.17

6.30+1.49

6.30+1.16

4.90+1.37

4.00+2.00

5.30+1.77

4.90+2.08

4.20+2.04

3.80+2.97

5.30+1.42

5.20+1.48

4.90+1.29

3.70+0.67

3.80+1.40

4.20+2.53

5.10£1.85

4.30+1.25

5.40+2.07

5.10+£0.57

5.10£1.10

3.80£1.75

6.10+1.73

4.50£1.72

3.80+1.40

5.20+1.62

6.60+1.26

5.80+0.92

4.80+1.14

4.20+0.92

4.30+0.95

5.10+1.20

4.80+1.55

4.70+1.42

5.10+1.60

5.50+0.53

4.60+1.26

3.20%1.62

6.80+1.48

5.00£1.70

4.80+1.75

4.90+1.60

7.70+1.16

6.30+0.82

4.80+1.48

4.80+0.92

4.40+1.71

5.10+1.45

4.60+1.51

5.00+1.63

4.60+1.26

6.90+0.74

4.00+1.33

2.70+1.95

7.50+1.35

5.00£2.05

4.20+1.69

5.30+2.06

7.50+1.27

5.60+1.65

4.80+1.32

4.50+0.71

4.30+1.70

6.10+2.02

5.30+2.45

4.50+2.27

3.80+1.55

6.60+0.70

4.10+1.37

5.40+2.37

2.80+1.48

4.80+1.32

5.50+1.96

3.30+2.11

2.60+1.43

5.40+0.84

5.90+1.37

5.10+0.99

5.20+1.32

2.70£1.57

5.50+0.85

4.10+1.66

6.50+0.85

6.50+0.71

5.00+1.41

4.00+1.89

4.90+1.29

4.80+1.55

3.70+1.16

2.90+1.66

5.30+1.06

5.40+1.07

5.40+1.07

5.40+1.07

5.40+1.35

3.50+1.96

5.60+1.58

4.30£2.00

6.50+£1.90

5.90+0.57

4.70+1.06

2.80+1.40

6.30£0.95

4.70+1.25

4.20+1.32

3.30+1.42

6.80+0.79

5.10+1.10

5.20+1.14

5.60+0.84

5.60£0.97

3.70+1.64

5.50+2.01

4.20+1.87

6.20+1.40

6.40+0.84

4.90+1.29

3.50£2.07

7.40+1.84

5.00£1.56

4.70+1.49

3.80+1.14

7.60+1.26

5.80+1.55

5.30+1.16

5.30+1.34

4.70+2.00

3.90+1.52

4.00£1.94

5.50+2.68

5.20+1.81

6.90+.10

4.60+1.35

2.70+1.57

7.70£1.25

4.60+1.90

4.30+1.95

4.30+1.06

7.90+1.10

5.70+1.06

4.50+1.65

6.00+1.15

5.20+1.87

450+1.90

5.50+2.37

3.60+2.32

5.60+1.51

6.40+0.70

4.80+1.14

4.80+2.62

3.20+1.69

3.90£1.52

5.00+1.05

3.70+2.16

2.70£1.34

3.90£1.85

5.10+1.66

4.90+1.60

4.20+1.48

3.70+2.31

5.80+1.32

3.90+1.85

3.80+1.23

7.10+0.74

4.80+1.14

3.90+2.23

490£2.18

4.60+1.84

5.00+1.94

4.10+1.79

5.30£2.06

4.90+1.73

5.20+1.62

4.70+1.16

4.30+1.57

5.10+1.52

3.10+1.60

6.00+2.05

3.20+1.40

6.40+0.84

4.40+0.84

3.90+2.08

5.80+1.48

4.30+1.49

4.70+1.95

5.70+2.06

6.40+1.17

5.60+1.35

4.70+1.25

5.00+1.15

5.00+1.05

5.70+2.00

3.00+1.41

7.00£1.05

3.40+1.07

7.20£1.03

4.10+1.45

4.10+1.73

5.90£2.23

4.90+1.97

4.60+1.65

5.80+2.25

6.60£2.12

5.30+1.57

4.60+1.35

4.80+1.40

4.00£1.70

7.30+1.16

3.40+1.58

6.50+2.55

2.70+1.25

Slwlo(—lols|wn|—|loln|wn|—|oln|wo|—|o|k|w|t|—|o|N

7.20£1.03

2.90+0.57

3.30+2.45

6.80£2.25

4.90+1.97

4.80+1.93

5.50+1.96

7.30£2.36

6.00+1.15

450+1.51

5.60+1.07

4.90+1.60

5.60+1.65

3.90+1.85

5.70+1.83

3.90+1.66
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(@) T34

) pH 2 4=

g

)

A A
pH 2 Agues
AL, s AEHoZ
S5 pHel Ra SE7} Wath 27
ANA AFF Aol 2dARH p 2 pastel 1 ol pH 4.20i0.0077}Z] s
s, WCAA ARY Bl duRE G2 DAL AR 129 olFels
?_:']_

4CAA A BdE 1FAFEE 43 FAste] 45 o] Fol= 4.25+0.01~4.25+0.02=
dAGtA KA =H A i#?lx} Az AZol Ar= 10TCoA 0.19%, 20C oA 0.27%, 4C o A]
0.19%5 Uehdch 24702 AZLE 10CAAE A5t A% ZEAHA 129712 95t
Al 718 A, A 20C & 4C A= A 18U 57717 53] S7HES & = AAUTH

O FolE A FAEHY A FIAHA 308 12F0E 2.09, 113%] #E FAT &
Atk 279 AL 71=Eo RuEojRA AzoA AAE ule} o] HALre AL
0.6~0.8%= = l, A% 717t &< =4 H7] o] =Esh= Aol 10C Y A9 594
065%, 20C oA A 2R 0.76%, 4C2 A= A 2R 0.69%2 &4 7<47]<>1] = A

S FA3AT gL F4AX 9 AA7IZel wE pH 2 HAF4kxe] W3tE 19 3.106 ~
:1% 3.1087% 3 3.6391 JERMHATH

2

7.00
- 140
6.50 e
- 120
6.00
- 1.00
2.50 \ g
- 080 £
3 5.00 &
450 - 060 ®  —%pH
A0D J - 040 A
3.50 1 0.20
EDD T T T T T T T T T T T T DDD
¢ 1 2 3 4 5 6 7 & 9 10 11 12
Storage periods (days)
% 3106, FAAA ] A7t @& pH B AF=RIH10T)
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pH

pH

7.00 3.00
6.50
- 250
6.00
\ - 2.00
5.50 =
\
5.00 \ 150 g
B —
450 g pH
- 100 o
400
- 0.50
350 & ‘l""‘“-i
|
3'0'0 T T T T T T T T T T T T T T T 'DD{}
0 2 4 6 8 101214161820 2224 26 28 30
Storage periods (days)
19 3.107. 43 A A3t whE pH B 4Hs= H3H20T)
7.00
- 140
.50 4
\ - 120
6.00 \
- 1.00
5.50 \ g
- 080 &
5.00 o
450 - 060 ®  —%pH
4.00 ' i, i i B P
3.50 "J 0.20
3{}0 T T T T T T T T T T T T 'DD'D
a1 2 3 4 5 6 F 8 9 10 11 12
Storage periods (weeks)
719 3108, T4 A A7t wE pH B 4t HIH4T)
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E 3.63. T4 A 25 F 7| wE pH 2 4Ats ¥
AFL=E 10 C ARL= 20 C AL 4 C
A Z)VL} oH wwe | ?;3 pH wxe | ;7)]7& o A=)
0 6.52+0.02 | 0.19£0.00 0 5.91%+0.01 | 0.27£0.00 0 6.52+0.02 | 0.19£0.00
1 |637+002 | 0244000 | 2 | 4244002 | 0764000 | 1 | 4922003 | 0.54+0.00
2 | 5994001 | 025000 | 4 | 4034001 | 098000 | 2 | 480+0.02 | 0.69+0.00
3 | 5124002 | 046000 | 6 | 3944001 | 1122000 | 3 | 439+0.02 | 093+0.00
4 4.89+0.02 | 0.52+0.00 8 3.73£0.02 | 1.41+0.00 4 4.25+0.01 | 0.96+0.00
5 4.65+0.05 | 0.65%0.00 10 3.71£0.02 | 1.51£0.00 5 4.24+0.03 | 1.08%0.00
6 4.49+0.03 | 0.77%0.00 12 3.63£0.01 | 1.80£0.00 6 4.26+0.01 | 1.08%0.00
7 4.59+0.04 | 0.75%£0.00 14 3.64%£0.01 | 1.84+0.00 7 4.21£0.01 | 1.08£0.00
8§ | 4484003 | 085001 | 16 | 3674001 | 192000 | 8 | 416+0.02 | 1.10+0.00
9 | 4384003 | 086000 | 18 | 3604002 | 2135000 | 9 | 4254001 | 114+0.00
10 | 437003 | 0964000 | 20 | 358+001 | 2144000 | 10 | 416+0.02 | 1.16=0.00
11 | 4374001 | 095+000 | 22 | 3534001 | 218000 | 11 | 422+0.02 | 1.09+0.00
12 | 420003 | 0964000 | 24 | 357+001 | 2084000 | 12 | 425+0.02 | 1.13+0.00
2% | 365-001 | 2114000
28 3.55+0.01 | 2.06+0.00
30 3.60£0.01 | 2.09£0.00
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+ 10C 9 4C
FAT & 99

.03
+0.029} 1.23+0.02%7+A 57}t

AN
tlo og
b

(F9 - %)
Agex 10 C s 20 C A= 4 C
A % 717HL) 4= A 7%713H2) pH A&7 HF) pH

0 0.92+0.03 0 2.65+0.03 0 0.92+0.03
1 0.94£0.01 2 2.59+0.01 1 0.92+0.01
2 0.93+0.01 4 2.70+0.02 2 1.02+0.01
3 1.01£0.03 6 2.75+0.02 3 1.13+0.01
4 1.05+0.01 8 2.57%+0.02 4 1.00£0.02
5 1.06+0.01 10 2.65+0.03 5 1.10£0.01
6 1.0540.02 12 2.75%£0.02 6 1.24+0.02
7 1.04+0.01 14 2.67%+0.03 7 1.35+0.00
8 1.08+0.01 16 2.75+0.02 8 1.13+0.03
9 1.08+£0.01 18 2.72+0.02 9 1.11+0.01
10 1.18+0.01 20 2.61+0.02 10 1.12+0.03
11 1.04+0.01 22 2.78+0.03 11 1.14+0.03
12 1.02+0.02 24 2.80+0.02 12 1.23+.0.02

26 2.62+0.02

28 2.71x0.01

30 2.74+0.02

(h 3=

FAIA ] A% L% D zbe] AA-LE 10T 9 4T
oA} 9.00° Brix® FAFSF g5 H AL, 20C o4& 11.00° Brix #F o= YET A 471kl
we} 1009 4ColME 2 sl glo] YA RAHUADL, 20CTASAE A F2AH

& g =

3029 9.00° Brix 7}#A 7432 3oldt 4= A



2 41.23+£0.02~52.03+0.71 mg/mL FEo 2 YESOH, A
Aol wpet g FFol MM 3] daste] A T84
A L% 20 CAAE & 218 = o

gatgnh. 44 L= 2

A 2% 10C ¢ 4CoAE HAo] 2
%MH 26.63+0.01~36.37+0.03 mg/mLZ &= A}
gt wE2A Zdastd AR FEA-ANAME 845+0.02 mg/mL7tA] =
713t mE F AFo] T W3k E 3659 Eo

=] o]

at
ol

3 365 FA4AA A &= H 7|7t wE YT Wl
(&9 : mg/mL)
A% 10 C A= 20 C AT 4 T
A 771 7H YD) sk A 7%712HD) AT A 771 2K( s
0 52.03+0.71 0 41.23+0.02 0 52.03+0.71
1 41.55+0.01 2 43.99+0.46 1 40.75+1.34
2 44.53+0.03 4 40.11+0.03 2 32.24+0.03
3 38.71+0.02 6 38.39+0.02 3 28.78+0.03
4 40.71+0.11 8 29.62+0.01 4 27.90+0.03
5 35.76+0.01 10 23.05+0.01 5 26.38+0.03
6 34.36+0.01 12 10.55+0.01 6 39.28+0.04
7 32.80+0.13 14 8.13+0.01 7 36.02+0.02
8 31.23£0.26 16 8.81+0.01 8 39.67+0.05
9 31.60=0.01 18 8.55+0.01 9 43.60+0.07
10 27.72+0.08 20 8.74+0.01 10 46.40+0.05
11 28.90+0.06 22 8.57+0.01 11 47.88+0.05
12 28.63+0.01 24 8.49+0.34 12 36.37+0.03
26 8.34+0.01
28 8.44+0.02
30 8.45+0.02
) 7}
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SdAlel Tz Al thsl 10° CollA 8F &t AAstn AAME Hx=e] wjF4A Fr|A
< B4R Y. 444 9 A Alcohol7} 2&H M01, M02, M04, M06, E14 XA &<

= T AAT. VOCs7h =3Hd A M03S AAZ7|3F &<k 1Hast
WIS Holx| edtont AlA PO1S dAHLI7E 2 w7t A

N -lh'
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E 3.66. TR AAZ7Z mE AAY HAFE A
Sensor
MO1 MO2 MO03 MO04 MO05
Sample
0=+ 206.43+15.82 214.80+£14.10 5.40£0.10 183.37+£7.03 304.77+3.09
1 243.70+6.20 212.63£14.35 1.68+0.28 157.60+3.13 306.90+7.16
2 = 213.10+1.13 175.95+3.18 1.90+£0.08 154.07+0.47 318.87+0.55
3T 205.10£0.85 175.25+2.90 1.61+0.02 201.15+0.92 339.80+0.99
A 4 207.07£2.68 216.40+2.97 2.16+0.18 193.30£1.35 332.47+£16.34
5 F 214.00+2.13 211.30+0.98 1.96+0.04 205.33+2.81 340.07£8.72
6 + 214.73+4.67 222.20£5.25 1.97+0.02 209.90+7.09 343.07+2.46
7T 214.73+2.40 222.80£4.03 2.32+0.14 209.77+£8.05 337.33+2.96
8 + 212.70£3.55 215.53£6.92 2.27+0.05 202.73+1.27 330.20+0.56
0 & 137.43+5.26 146.07+17.93 2.29+0.22 72.02£2.55 172.57+18.16
1 209.43+1.92 199.97+23.43 1.82+0.21 130.20+£5.59 286.83+3.09
2 5 215.60+0.99 222.15+2.62 1.62+0.13 147.20+2.40 296.00+6.79
3 & 217.05£3.61 183.80+40.45 1.61+0.00 178.80+4.95 333.50=0.85
B 4 202.33+2.40 210.70£9.85 2.37+0.31 184.53+1.17 340.47+1.43
5 F 266.00+4.36 274.47£3.55 1.94+0.06 195.60+7.93 343.67+3.96
6 T 273.13+2.77 227.47+5.34 2.21+0.24 208.63+2.27 342.20+1.51
7+ 214.43£4.55 217.47£3.26 2.11+0.19 195.33+3.33 332.00+4.74
8 T 212.00+6.87 221.53£3.52 2.64+0.04 191.93+6.57 322.87+7.79
0 218.00£16.89 195.03+9.57 4.73+0.35 168.73+1.56 291.50+2.43
1 & 214.73+3.01 221.40+17.46 1.74£.016 153.33+8.63 303.53+3.67
2 5 211.30+5.07 162.17+3.36 1.80+0.04 119.50+13.39 276.60%9.06
3 F 168.10+1.30 164.10+1.30 1.58+0.17 150.60+1.28 311.40+4.16
C 4 F 206.70+1.56 286.60£2.13 1.86+0.29 202.70+5.21 332.07+£17.42
5F 275.47+3.43 295.00£4.36 2.42+0.01 218.33£6.07 346.13+7.79
6 T 272.83+1.90 284.00£2.70 2.33+0.18 217.33+1.11 341.27+6.89
7+ 225.83+2.80 227.17£0.90 2.14+0.04 215.93+3.97 347.90+3.87
8 T 216.27+1.67 220.03£5.12 2.47+0.03 214.67+6.28 298.17+6.29
0+ 217.47+15.74 158.10+14.99 3.80+1.29 164.11+13.86 275.30+17.49
1 204.10£5.84 205.20£18.53 1.63+0.27 145.67+16.95 289.37+17.20
2 T 222.40+4.06 210.70+7.84 1.69+0.13 126.17+3.33 281.10+£7.30
3T 236.47+1.74 236.20£4.26 2.19+0.07 211.90£6.59 348.90+6.32
D 4 F 219.23£1.68 221.90£5.80 1.85+£0.27 224.87+4.06 349.23+2 57
5F 221.23£1.48 217.90£1.66 1.88+0.04 202.77+4.70 324.73+4.40
6 =+ 220.07+7.39 215.43£7.68 2.30+0.06 242.43+2 .51 334.77+6.28
75 205.83£11.89 207.95£7.31 2.26+0.17 238.50+4.05 337.20+3.04
8 + 188.03+6.71 185.93+4.35 2.01+0.06 232.53£8.36 336.00+3.78
0 163.27+4.73 149.23£7.37 4.07+0.17 102.65+14.53 214.73£18.30
1 213.53+1.50 222.20£4.16 2.06+0.22 145.53+5.52 288.03+8.97
2 = 264.85+3.32 272.50+0.79 2.40+0.49 163.05+0.21 286.13+£30.17
3 224.70+3.70 233.47£8.38 1.83£0.04 172.83+3.11 330.23£11.86
E 4 F 251.43+6.87 261.40=0.75 2.02+0.15 163.53+1.914 337.73+8.30
B & 218.90+1.20 227.63£5.32 1.87£0.08 179.30+£2.05 330.97+1.00
6 =+ 221.73+5.92 219.03£3.85 1.80+0.06 205.37+2.06 334.70+1.90
7T 228.13+7.42 222.33£4.28 2.07+0.18 176.80+4.68 307.03+7.11
8 T 214.83+3.69 223.37%6.76 2.24+0.09 205.37+0.78 338.37+2.06
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Sensor

MO06 EO1 EO02 El4 P01
Sample
0=+ 0.41+0.02 12.62+0.42 73.35£7.26 250.27£16.22 178.77+9.80
1 0.44+0.02 7.69+0.05 69.02+6.11 136.83+10.44 194.50+7.82
2 = 0.43+0.02 8.64+0.41 77.76£2.79 235.93+0.53 177.57+£0.10
3T 0.86+0.02 6.90+0.03 137.75+0.49 308.50+4.24 265.30+0.00
A 4 F 1.40+0.18 5.53+0.11 15.47+0.09 258.11+0.90 264.87+0.84
5F 0.45+0.02 5.62+0.02 15.39+0.16 325.07+3.35 257.53+3.30
6 =+ 1.21£0.05 5.88+0.12 15.45+0.04 326.70+1.28 265.13+£0.15
75 1.31+0.13 6.35+0.50 15.49+0.05 322.90+7.16 265.13+0.32
8 T 0.42+0.01 5.73+£0.02 50.93+£4.68 327.87+0.06 265.27+0.06
0=+ 0.42+0.02 8.61+0.21 8.61+1.03 11.90+4.42 54.27+8.20
1 0.46+0.06 7.60+0.65 15.36£0.19 77.77+£0.27 117.37+10.19
2 T 0.48+0.01 8.38+0.48 53.05+1.10 113.39+2.53 141.01+£8.92
g & 0.86+0.02 7.85+0.03 180.90+0.49 144.20+4.24 265.00+0.00
B 4 F 1.37£0.07 5.27+0.12 15.44+0.07 264.26%1.44 265.57+0.12
5F 0.41+0.03 6.19+0.73 15.09+0.63 320.23£5.90 261.43+6.78
6 T 1.32£0.04 5.23+0.05 15.47+0.08 326.03+£2.04 265.17+0.15
75 0.41+0.01 5.72+0.54 54.18+2.82 323.43+7.74 264.97+0.59
8 T 0.39£0.00 6.50+0.15 15.23+0.56 323.20+7.20 261.97+5.95
0=+ 0.45+0.02 9.99+0.41 29.54+24.45 138.07+£1.85 133.10+4.86
1 0.43+0.05 7.14+0.11 26.63+£19.78 122.70+8.75 140.37+0.06
2 T 0.48+0.02 7.68+0.44 73.18+2.49 115.89+0.69 177.34+0.61
3 F 1.32+0.05 7.96+0.76 46.64+1.23 269.20£15.86 140.47+0.06
C 4 F 1.33+0.09 6.29+1.28 15.26+0.24 319.05+5.70 260.93+1.38
5F 1.35£0.05 5.49+0.23 15.47+0.12 255.27+6.35 264.40+1.56
6 T 1.31+0.13 4.88+0.27 15.51+0.02 318.03£16.74 265.20+0.10
75 0.49+0.04 5.36+0.27 50.28+6.56 315.20+0.70 262.27+1.00
8 T 0.44+0.00 12.01+£0.24 15.32+0.17 315.20+3.00 262.83+4.10
0+ 0.46+0.03 10.03£1.26 12.82+4.17 110.81£10.87 115.21+38.56
1 0.46+0.06 7.09+0.31 11.77£6.27 111.90+5.56 126.93+12.67
2 3 0.47+0.04 8.17+0.08 15.49+0.08 16.65+2.08 117.08+3.92
g & 1.34+0.01 8.45+0.46 117.34+2.27 322.83+£2.66 265.30£0.00
D 4 F 1.37£0.05 5.68+0.34 15.46£0.03 327.86+0.14 260.73+£2.36
5F 1.26+0.02 5.92+0.07 15.47+0.12 266.37+1.81 263.83+£1.26
6 T 0.42+0.01 4.45+1.01 14.41+1.62 327.33+0.51 256.07+3.07
73 0.45%0.03 5.34+0.19 77.67+0.35 319.55+4.80 257.75%1.73
8 T 0.43+0.01 5.67+0.42 77.25+0.89 327.33+0.51 262.37+2.08
0 0.44+0.01 11.59+0.73 11.70£1.87 39.47+7.06 46.94+2.58
1= 0.41+0.03 8.41+0.38 14.73+0.92 75.64+1.09 87.40£16.63
2 = 0.42+0.02 8.19+0.04 63.06+2.72 13.94+1.87 116.02+£2.27
3 & 0.47+0.01 8.52+0.39 174.58+2.66 226.90+5.59 265.40£0.00
E 4 F 0.43+0.05 7.12+0.52 15.54£0.18 323.20+£5.88 260.33£4.61
5 F 0.44+0.02 5.89+0.17 15.34£0.10 302.70+1.21 253.73£4.51
6 T 0.40+0.01 5.72+0.18 15.52+0.05 314.27+0.06 258.80+8.02
7 5 0.41+0.01 5.85+0.14 15.50+0.04 314.93£13.26 265.30+0.10
8 + 0.39+0.02 7.59+0.25 56.18+9.54 327.93+0.12 265.20+0.26
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4.50+1.08

5.10+0.74

5.10+2.33

3.30+1.95

4.10£1.29

4.10+1.29

2.90£1.79

2.90+1.45

5.20£1.55

5.70+1.25

5.50+2.01

6.10+0.74

3.50+2.42

6.60+1.26

3.10+0.99

5.10+1.85

4.50+0.71

5.00£1.33

4.40+1.51

5.20+1.48

4.50+1.08

4.00+1.49

3.70+1.57

5.20+1.62

4.80+1.32

5.60+1.58

4.30+1.77

4.20+1.81

3.90+1.60

5.30+1.89

4.90+1.85

5.10+1.91

4.20+0.92

5.50+1.27

3.60+1.90

6.40+2.12

4.40£1.17

4.80+1.55

4.60+£1.96

6.10+1.37

5.80+0.79

5.60+0.70

5.00+0.82

4.70+1.42

5.00+2.36

5.50£1.78

4.50+1.96

4.60£2.12

4.80+0.79

4.50+0.71

3.50+2.01

6.80+1.40

5.10+1.52

5.10+1.66

6.30+1.77

7.40+1.07

5.80+1.03

4.70+1.16

4.50+0.97

4.30+1.42

6.00+1.49

5.30£1.77

4.90+1.66

3.70£1.70

4.40+0.84

450+1.18

3.10£1.73

7.20+1.62

4.60+1.84

4.30+1.95

5.70+1.57

7.40+1.35

6.10+1.10

4.60+1.26

5.40+0.97

4.80+1.32

5.80+1.75

5.60+1.07

4.80+1.14

3.50+1.43

4.30+1.34

5.60+1.17

5.90+2.02

3.20+1.62

3.90+1.73

3.90+1.60

2.40£1.26

3.10+1.52

4.80+1.40

5.10£1.97

5.60+1.58

6.20+1.03

3.30+1.77

6.10£1.10

3.50+1.51

5.10+1.52

4.60+1.26

4.80+1.48

3.80+1.81

6.00+1.76

4.00+1.41

4.00+2.00

3.50£2.46

5.80+1.75

5.60+1.35

4.90+1.29

6.20+2.30

5.70+1.57

4.00£1.70

5.90+1.52

4.00+1.76

5.90+1.45

4.40+0.84

5.50+1.58

3.90+2.02

7.20+1.48

4.10£1.52

4.60+2.12

4.70+1.95

6.30+1.42

5.80+0.79

4.60+1.07

5.40+1.71

5.30+1.49

5.60+2.27

5.60+1.84

4.00+1.70

4.00+1.49

5.10+1.10

4.70+1.06

3.60+1.90

7.20+1.48

4.80+0.92

4.60+1.17

5.70+1.95

7.10+1.66

6.30+1.16

4.70+1.42

6.60+1.17

5.90+1.52

5.40+2.01

6.00£1.05

4.50+1.27

4.60+1.58

4.60+1.35

4.20+1.69

2.90+2.02

7.30+1.42

4.30+1.95

4.80+1.81

5.30+1.34

7.80+1.32

6.10+1.60

4.30+1.64

6.40+1.17

6.50+1.35

5.40+1.90

5.40+2.37

4.10£2.28

3.80+1.81

4.50+0.85

5.80+0.92

4.30+2.75

4.70+1.89

3.70+1.57

3.60+1.51

2.70+1.57

4.20£2.20

4.50+0.97

4.90+0.99

3.70+0.82

4.10+1.37

3.70+2.67

6.20+1.03

3.30+1.34

4.90+2.23

5.30+0.67

4.40+1.26

4.00+1.94

5.60+1.51

3.90+1.20

3.70+1.34

2.80+1.48

5.30+1.57

5.30+0.82

4.40£1.07

3.70+0.82

4.20+1.48

3.20+1.81

5.90+1.29

4.10+1.79

5.40+1.65

4.90+0.88

5.00+0.82

3.30£1.25

6.90+0.99

4.20+1.48

4.30+1.34

3.30+1.57

6.20+1.62

4.80+1.32

5.10£1.20

3.90+0.88

4.50+1.51

3.10+1.52

5.90+1.10

3.90+1.52

5.70+1.34

5.00+0.67

5.30+0.95

3.60+1.84

7.50+1.27

4.90+1.52

4.40+1.58

5.00+1.83

6.80+1.40

5.80+0.79

4.90+0.74

4.70+0.95

4.40£1.17

4.90+1.66

6.10£1.45

3.80+1.03

5.30+1.34

5.40+0.84

4.80+1.32

2.80+1.62

7.30+1.16

4.70+2.00

4.70+2.06

5.20+1.40

6.60+1.78

5.90£1.10

4.60+1.07

5.10+1.20

5.60+1.17

5.30+2.21

6.10+£1.45

3.90+1.60

4.20+1.81

5.50+0.85

4.70+0.82

5.40+2.37

2.90+1.29

5.00+1.94

4.10+1.79

4.00+2.58

3.30+1.64

4.30+1.49

5.90+1.20

4.10+0.88

4.90+1.73

4.10£2.28

7.20+0.92

2.80+1.32

4.40+1.96

5.10+0.88

5.50+1.18

5.20+1.69

4.40+2.01

4.80+1.69

3.80+1.14

4.20+2.53

5.10£2.02

4.50+0.97

5.30+1.64

4.60+1.17

4.80+1.62

3.70+2.31

6.00£1.63

4.00+1.76

5.50+1.84

4.80+1.32

5.50+1.18

4.10£1.85

5.80+2.20

510£1.52

4.30+1.34

4.40+1.78

6.00+1.83

5.50+1.08

5.70+1.06

4.60+0.52

5.00£1.70

4.30+2.26

5.70+2.45

3.80+2.30

5.10£2.28

5.10+1.10

5.10+£0.99

4.30£1.57

6.30+£1.89

4.80£1.55

5.10+1.79

6.00+2.16

6.60+1.65

5.60+1.17

4.90£1.10

4.70+1.06

4.60+1.58

4.90+1.73

6.00+1.70

3.80+1.69

450+1.18

5.30+£1.06

4.80+1.03

3.00+2.00

6.80£2.35

4.30£2.06

4.30+1.77

5.40+2.84

6.90£1.37

5.30+1.57

4.80+1.14

5.00+1.25

5.00+1.56

4.60+2.41

6.00+2.21

4.20%1.55

4.70+2.50

5.80+0.92

5.50+0.97

6.90+0.99

2.50+1.35

4.10£1.73

4.30+1.42

3.60+2.01

2.40£1.07

3.60£1.07

4.60+1.43

3.60+1.17

4.60£1.58

4.30+2.06

7.10+0.74

2.90£1.10

3.90+1.37

4.60+0.97

6.00+1.15

4.90+1.97

4.60£1.58

4.00£1.76

4.40+1.78

4.60+2.17

4.10+1.45

4.30+1.16

4.00+0.82

3.90+1.37

4.40+2.22

4.60£1.58

4.60+1.90

5.30%1.70

3.10+1.97

4.40+1.07

5.70+0.95

3.80+2.25

6.40£1.96

4.50£1.72

4.50+2.07

5.30+1.70

5.70+2.11

5.90+1.10

4.30+1.16

4.40+0.84

4.80+1.69

6.80+1.75

4.90+1.97

5.30+1.89

2.90+1.20

5.50+0.85

4.40+1.17

4.70+1.83

6.40£2.07

4.50£1.72

4.90+1.66

5.60£1.26

6.60+2.01

5.60+1.58

4.90+1.29

5.50+1.35

4.80+1.40

6.30+1.83

6.30+1.06

4.20+1.55

3.60+1.78

Ao o wo— ok w |~ |o|hw|o|— o w|to|—|o |4\

4.80+1.03

4.80+1.40

2.50+1.43

6.40+£1.78

3.80+1.81

4.10+1.85

5.30+1.70

6.80+1.75

5.90£1.60

4.10+1.37

5.00+1.25

5.00£1.63

6.70+1.77

4.10£2.38

5.40+2.50

2.80+1.40
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4. Ao A= e FEAE A

o

AA o] sA4AGE e o|3ls B4 H Fr|AdEe 24 UHE FEAZE AASATG
368). sAAEE Hx7], HAx7], A&7IE2 FESASH FAHE 114FY IE=
1,8-cineole, 1-borneol, A -fencyl alcohol, allylmethyl sulfide 3}3&3 MO1(H, olgHE, ©]
g, CO, CHy), MO2(F &, fF7]18A), M4 &, =23, F&h), MO5(NHs), MO6(Y =&, 7
Ao} AA e sA37|30] BT E Frlste AEFS BATh 54710 AAETE
st= =4 =Z+= methyl allyl sulfide, dimethyl disulfide, diallyl sulfide, methyl propyl disulfide,
methyl trisulfide 52 #3}3E5°] AZFH AT

Oll

ﬂl}o
Oko o ofv

A2
|
Ay

U

SAAE WAL HErle FAAE FEow pH 45014, 4% 03-0.8% 5o o
MO3(VOCSIAL A ztol 271 RE %7 A7 3248 Basts 48 veo n%re £4
ARE AH & 5 YA vErdAe) LEE AFIIZS 10CAA 0-4%, 20THAA 0-1,
4COIA 0-272 vpEpsto.

A&7 AS 3lo] BRug uiel o] pH 4.2~4.4% uf 71x9] mto] 7ba Egtom, o]uwj
9 A=+ 0.9~1.1% Ateole] WM& EAT. EOIINHIAA = Hs7]ol A AlAgko]l 548 A
st H&r]e] AxEE E8Y F JdeAeRE AEEHMW,  4-Ethyl-5-methylthiazole,
3-amino-2-thioxo-4-Thiazolidinone, 3-(methylthio)-Propionic acid, 1,3-Dithiane, Methylpropyl
disulfide, Octamethyl-cyclotetrasiloxane, 2-methyl-6-Hepten-1-ol, 3-Carene,
.beta.-Phellandrene, (Z)-3,7-dimethyl-1,3,6-Octatriene, Nonanal®] EZEo] A|Zx & Fof H]5|
7t ARewd mE A& A Fehe AFe Bt wFe) SH Pr) JPow B
|3 Q1= 4-isothiocyanato-1-Butenex= g+ & /éfﬂ oA FAHASH A7 M B
FL Hol A&r)e AR UHSHAT £xW AN AZAFLEE 10T 5-129, 20T
24, 4C 3~12F= YElytt)

7)ol EAAF FEOZ pH 4.003) A= 1.2~2.4% o] om, E02(H.S), El4(Alcoho),
PO1(VOCy o] Al gre] A7) o]Fo] wWEA Frlste] Hs7]e FHAARE AA T+ UM
ot Il 25 AA7|ZES 10T oA 139 o)X, 20C 3Y o), 4T oA 135 o] g
2 YUERT
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E 368 A9 SAAT WE FAAE

2=

2;; Bk ZAANE
A%712 10T : 0~4%, 20C : 0~1%, 4T : 0~2F

"l Tolshst 54 [ pH 45 o4, A% : 0.3-0.8%
; SPME(GC) | -
A== MO3(VOCHAI A 74~
AZ717F 1 10C : 5~12¢, 20C : 29, 4C : 3~125F
ols}st EA | pH 4.2~44, 2= : 0.9~1.1%
4-isothiocyanato-1-Butene,  4-Ethyl-5-methylthiazole, 3-amino-2-

ijj thioxo-4-Thiazolidinone, 3-(methylthio)-Propionic acid, 1,3-Dithiane,
; SPME(GC) | Methylpropyl disulfide, Octamethyl-cyclotetrasiloxane, 2-methyl-6-
Hepten-1-ol, 3-Carene, .beta.-Phellandrene, (Z)-3,7-dimethyl-1,3,6-
Octatriene, Nonanal
A= EOI(NH3) : Azt 543 7H4T
A%71zE 10T : 139 o], 20C : 39 o4, 4T : 135F o4
* [olsret =48 [pH 40 olal, 4% : 12-2.4%
j] SPME(GC) | -
A= E02(H,S), E14(Alcohol), PO1(VOCy) : Al A gk w2 A ZF71st
1,8-cineole, 1-borneol, A -fencyl alcohol, allylmethyl sulfide 3}3H&,
=712t | T7F | MO1(Hp, Al&HE, o]&FE CO, CHy), MO2(EE-&, 7184, M0O4(H
7 dol] & g, 23 2Eh) MO5(NHj), MO6(L=-2, 7184
=475k .. | methyl allyl sulfide, dimethyl disulfide, diallyl sulfide, methyl propyl

disulfide, methyl trisulfide ¢ 333=

A 54, A4 Test-bed® 53 A% AZ 2 A3
1. AL QA2 §714 9 3 A test-bed 7+F 2 B5H7}
7). @4 Test- BedE 5% AA7e) A% A% 2 A43

D AT

AA e Az DA BUE Y 5 FAEY AAE 75871 st AAEAAA
C&FAAN F7 AAEE Yol AT ZAuiZ7DE ez AR dsHrtE AAlska
2 skt Test-bedell gk AXYAAANA BL A=d w29 F44] =

TAstA o™, FAY AAA RS 10CoAA & @3 AFstas] AAg7ztel] ©E X9 ©o]
EHo] 25 TSl AREH U

(2) A3
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WFA% 2 F40Xe A 2= 2 7|3t e AE AstE nuEAsr] {3 olgst
Z(pH, 4=, d)EA S I BF3 AAA(Sensor type)S o] &3l Fn|ARS BAS AA
st om, o] HolEE AAE HAAF golH# g F=o o] &3t olBHYgES T3
AAAZE o] 83st] AX Az dAANA vjF10x], FAAX], LT FrdES E435t A
TASES AAFAT T A AzGAY ALz met uFEY Al AIARE AduF
o] g ES AAY AARZZ B39
(3) Test-bed A& JANA Az 7Ax9] #7278 Database =
b pH & HAMN=

Test-bed A1 A ANA A= vjF=A X} F2-7A X i3l 10° CollA 105 &< A %3t
pH 2 HAANEE =AH3AT AR &HA0] AP wegl pHeE HAxp YolA 2te= Z7}

9 & ] 2}

ki ope

& fr N fl

AR A&7E AA 2F ol A4 7)o =EsASS s e
240%8F 2.12%% 3el=Eo] AA7|7F Fok & WHIlgle] €A A FAH
717kl & pH, AT 2 dx9] HIE 3

=
b 2= Z X
2.50
6.00
5.00 o e = o
4.00 ~—— - asc E
" e - f\.q__ﬁ i 1.50 E
i
2 3.00 ¥ ==
3 100 T ik
2.00 A T AT
100 | o =
0.00 0.00

0 1 2 3 4 5 6 ¥ 8 9 10

Storage period (weeks)

29 3111 MDA ] Aol e pH ¥ x| Wel
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Z!
2.50
6.00
5.00 2.00
400 | i 5:
< -
2 3.00 %
1.00
200 | - T g
0.50
1.00
0.00 0.00

o0 1 2 3 4 5 & 7 B 9 10
Storage period (weeks)

29 3112 70 A ) AA7e] mE pH 9 4we] Wel
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F 3.69. AA ] A7l WE pH, 4=, A= W3}

SESIE 2277
A x717k

572 DH A=) | A= DH AR | A=
0 552001 | 0.38+0.00 | 240+0.02 | 579+0.02 | 0.28+000 | 2.12+0.02
1 4514001 | 063001 | 2364002 | 4424003 | 0.55+0.00 | 2.04+0.02
2 4184003 | 0.9240.00 | 2394001 | 4084001 | 0.81+000 | 2.02=001
3 395001 | 138+0.01 | 2374001 | 3.97+001 | 1.21+000 | 2.09+001
4 387001 | 147+0.00 | 2344002 | 3.86+002 | 1.45+000 | 2.10+001
5 3774003 | 1744001 | 2264002 | 3764001 | 1.66+000 | 2.00=002
6 360001 | 1L77+0.00 | 2.26+0.02 | 3.67+001 | 1.68+001 | 2.05-0.00
7 361001 | 18140.00 | 2224001 | 3.69+001 | 1.78+000 | 2.06=0.00
g 3574001 | 1.82+40.00 | 2204000 | 3.65-0.01 | 1.86+001 | 2.03%0.00
9 361001 | 185+0.01 | 2094002 | 3674002 | 1.87+001 | 1.96=002
10 | 3604001 | 186=0.01 | 2154001 | 365+0.02 | 1.87+001 | 201001

(W) AARE o] &3 AR I L&A

3.1159} % 3.70, 3% 3.71¥% 2o} 1053t A& 713k 5 &
AXANA 5 GA BF Hl=g AAe] Wl FeFs Bow, B A3 wjFgxe T4
te] WstsjEo] fFASHA BREFAT olet 2 W= FAAX 9 wlFAX Y A=A
2ot e Ame Ao E Qe AA SO WIIE W FARRE ZAoE HTH
Test-bed A @QAA A=z AR HA= AlA W T
Z=3le] A Test-bed Al o o]-&3Ath

ox
i
fo
3
o
rlr
=
B
)
N
P!
o\

N

N
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MOl nMo2
(H,,EtOH,isobutane) (alcohol,organic solvent)
300 350
250 300
= — 250
= 200 =
-2 -2 200
= 150 =
2 g 150
£ 100 &
100
s0 Sk
o o
o 1 2 3 a s 5 7 8 8 1D o i z 3 a s & 7 8 8 1D
Storage period [weeks) Storage period (weeks)
MOo3 Moa
(VOCs(toluene)) (MeOH,propane,butane)
3.0 250
L 200
= z0 =
=2 B 150
g s g
2 £ 100
& 10 &
- 50
0.0 o
o i 2 3 a s 5 7 =3 8 10 o i 2 3 4 s 5 7 a g 10
Storage period [weeks) Storage period (weeks)
MOo5 nMoe
(NH3) (alcohol,organic solvent)
200 0.6
350 s os
300 = pa
= -
& 250 2 os
- 3
5 200 & o2
g 150
L o1
100
s0 o
o z 3 a s = 7 a =] 10
o
St iod eks|
o &1 2 3 q s 5 7 =3 9 10 orage period fuecks)
Storage period [weeks)
(NH;) (H;5)
ia 350
1z 300
=X — 250
= ]
2 2
-2 g -2 300
H H
2 B 2 150
o )
A K
a 100
2 50
] o
o 1 2 3 a4 5 5 7 =3 a 10 o 1 2 3 T3 s 5 7 8 9 10
Storage period [weeks) Storage period {weeks)
El4 PO1
(alcohol) (VOCs)
350 300
300 250 o ——
= 250 E 200
2 2
e ] 1s0
2 150 2
&K & 100
100
s0 50
o o
o i 2 3 4 E & 7 =3 8 10 o 1 2 3 a s & 7 8 8 10
Storage period {weeks) Storage period {weeks)
= =] © = = H o -
a9 3114 WA Ag7Igre] e g el W
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(H,,EtOH,isobutane) (alcohol,organic solvent)
300 300
250 250
= 200 = 200
= =
LB =
£ 150 £ 150
=3 =3
£ 2
& 100 & 100
so s0
o o
o 1 2 3 a s = 7 8 =] 1o o i z 3 a s = 7 8 =] ic
Storage period [weeks) Storage period [weeks)
(VOCs(toluene)) (MeOH,propane,butane)
2.5 250
2.0 200
= =
B1is E 1s0
i =
H H
£ 10 £ 100
@ @
&a &
0.5 50
oo o
o i 2 3 a 5 & 7 8 =] 1o o i 2 3 4 s & 7 8 9 ic
Storage period [weeks) Storage period [weeks)
(NH3) (alcohol,organic solvent)
400
550 &
<o _ ©s
e~ g oa
5 250 2
k- = 03
£ 200 2
g
z 150 =2 02
&
100 22
iy 0.0
o i 2 3 a s & 7 8 =] 10
o 2
Storage period [weeks)
o 1 2 3 a 5 & 7 8 =] 1o s d ¥
Storage period [weeks)
{NH;) (H;5)
1z 350
10 300
== — 250
T B8 =}
2 =
2 £ 200
- 6 i
2 g 150
a 4 &
100
2 s0
] o
o 1 > 3 a s (3 7 8 o 1o o i 2 3 a s [ 7 8 o io
Storage period [weeks) Storage period (weeks)
(alcohol) (VOCs)
200 300
il
350 sty ——
300
-5 P 5 200
5 200 5 150
= =
Z 150 & 100
100
- so
o o
o 1 2 3 a s =1 7 8 k=] 1o o i z 3 a s =3 7 8 =] ioc
Storage period (weeks) Storage period (weeks)

a9 3115 F44 A2 AA7IZte) mE
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& 370, MFRA ] Ag7)zke] ME G4 el W
Sensor
MO1 MO02 MO03 M04 MO05
Sample
0+ 142.83+£2.25  153.23%2.21 2.18+0.03 83.29£1.53  226.23+2.20
1= 170.87+£2.40  177.33%=4.10 2.04£0.02 113.00£6.24  245.13+4.37
2 F 176.83+1.80  200.57£5.87 2.07+0.07  133.07%+13.78 281.03+1.63
3 F 208.43+0.42  216.97+5.49 1.92+0.32  145.97£15.19 294.97+6.21
4 = 195.80+£1.08  213.43%9.10 1.89+0.11 164.67+£4.06  325.27+2.84
5 F 192.05+£0.07  225.30%6.22 1.30£0.10 188.20+3.39  354.50+0.04
6 5 203.47£4.92  220.77+5.16 2.44+0.25 180.33+£2.76  342.63+0.25
T 272.47+1.10  232.70£1.99 1.91+0.09 190.77+£1.85  343.27+4.36
8 T 219.83£8.40  224.33+4.21 1.90£0.08 214.40+£3.12  343.23+2.21
9+ 216.90£3.64  220.90+9.06 2.15+0.15 200.37£1.51  341.23+1.89
10 = 277.53+£11.47  288.80£8.62 1.59+0.08 222.27£7.05  343.73+5.38
Sensor
MO6 EO1 E02 El4 PO1
Sample
0+ 0.46+0.03 11.62+0.14 10.41+£1.38 15.58£0.14 15.28£0.25
1= 0.45%0.04 8.46+0.45 12.02+8.46 22.33£6.27 31.25+4.24
2 5P 0.46%0.03 8.41£0.33 12.06£0.25 60.09£7.9 110.01+3.29
3 F 0.46+0.05 7.21£0.11 12.02+0.53 78.23+0.88  114.58+£31.96
4 = 0.45+0.01 7.32+0.17 81.43+£6.14  149.73+£21.27  240.77+3.59
5 F 0.50+0.04 7.16+0.13 314.73£4.29  324.80+1.13  265.40%0.00
6 5 0.47+0.01 6.26+0.23 14.27+2.05  325.23+2.89  260.97+1.10
T 0.50+0.10 6.11+0.19 15.42+0.14 324.83+3.57  263.73£2.63
8 0.38£0.05 5.76+0.12 15.41£0.04  315.50+2.43  265.27+0.15
9+ 0.45+0.07 7.01+0.69 15.44+£0.09  325.87+£1.40  264.60+1.39
10 = 0.43%0.05 5.40+0.07 14.34£1.86  327.73£0.20  265.27+0.23
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£ 371 F40H ] A7 he] W Pl giel W
Sensor
MO1 MO02 MO03 M04 MO05
Sample
0+ 166.43+7.68 164.10+10.57  2.20£0.14 117.97+£4.07  245.70%£4.39
1= 201.77+6.52  222.20%£9.38 2.19+£0.06  148.60£14.90 294.70+5.14
2 F 230.60£2.71  245.37+8.79 2.18+0.03 160.13+7.86  304.10%=4.67
3 F 258.43+1.24 259.87+14.77  2.23+0.08  175.60+14.24 310.00+14.39
4 = 212.87+2.62 209.37£19.89  1.95+£0.01 208.37£4.74  342.63%+2.25
5 F 212.43+£2.86  207.03+3.09 1.16£0.06 172.53+£0.49  333.33+£3.82
6 5 269.93+£2.93  235.67+3.62 2.17+0.11 185.07+£7.27  352.37£7.69
T 280.23+£0.96  280.73+2.25 1.56+0.04 187.97+4.53  332.50%3.90
8 T 220.67£3.61  227.97+3.66 1.94+0.07 208.73+£2.45  329.23+5.85
9+ 217.23£2.21  223.97+0.35 1.69+0.10 207.90£2.96  344.33+2.84
10 = 216.23+£2.02  211.70+3.01 1.82+0.02 221.83£3.63  340.60+3.34
Sensor
MO6 EO1 E02 El4 PO1
Sample
0+ 0.46+0.01 10.59+1.03 11.53+0.39 58.97+2.53 52.00£5.54
1= 0.44+0.03 8.46+0.50 28.77+5.88 72.17£6.34  145.63%9.99
2 F 0.47£0.00 8.36+0.55 29.54+0.90 65.00£6.32  195.33£3.74
3 F 0.49+0.02 8.01£0.25 29.83+25.04  75.57£6.26  223.07+36.58
4 = 0.45+0.02 7.39+0.04 136.53+3.60  263.67+46.09  265.30£0.00
5 F 0.45+0.00 7.04+0.08 307.56£2.95 376.95+1.53  267.33£2.12
6 5 0.45+0.02 7.19+0.31 14.87+0.35  317.17+£5.83  263.30+3.81
75 0.45+0.01 6.74+0.41 134.12+£2.30  323.63+7.13  263.50£2.02
8 0.41£0.00 6.57+0.06 15.48+£0.01  245.60+15.72 262.70+0.95
9+ 0.42+0.00 6.43+0.08 15.45+£0.10  326.13+£2.40  258.00+2.79
10 = 0.43+0.01 5.63+0.13 69.68+1.90  327.00+1.73  263.47£1.56
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Analysis of Flavor Patterns in Baechu and Chonggak Kimchi at Fermentation Periods by
GC/FID-based Electronic Nose(3F=2] #3813, 2015)
Analysis of volatile components on various storage conditions in Baechu and Chonggak

Kimchi(gh=-24 23} 3], 2014)
A Study on the Application of Sensor for Electronic Nose(3+=2]%3}3}3], 2014)
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e ABSTRACT :

This sty was comparian the Raver compends and investigation the w .
physie-themical properties during Kimchl lermentation, Ssechu and
Chongagak Kimchi were fertnented ot 4 for 3 months. Each sampie of i,
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fermented Kimchi we: Jectronic nose sysiem with gas L

AZel X7t BBUN ChBUMED U tection (GC/TID). The Kimchi
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conditions in Baechu and Chonggak Kimchi

Ve-SeulHwang'*, Ik Jae Lee?, Sung Hyun Kim

2!

6, Kimchi-ro, Nam-gu, Gwangiu, Republicof K

W ot of Kinch, 86, Kimchio Nan-g, Guang Repblcal Kres <
“Scientec Lab Center, Suite ofKorea e e No:33, HanshinS-mecs, Kvanpyung Dong, Yuicong v, Dacicon, Republ

of Kimchi, §
2.1

RA(

This study was conducted to investigate the changes of physico-chemical
characteistics and volatle components of kimchiduring storage periods. Commercil
Kimchi chonggak Kimehi were used in this study. Samples

were fermented at 10 and 20°C for each O to 30 days. The volatie compounds were
ed i solid phase microedraction(SPME) fiber and analyzed by using 3 gas
chromatograph-mass spectrometer(GC-MSD). After fermentation, the pH has
remarkably decreased from 5.6~5.7 to 34-4.1 and acidty has significantl increased,

Kimchi were fermented at 4C for 3 months, These Analysi items of Kimchi

T e T e gocoocy =L . e i it o i e
passes. A5 a result of flavor compound analyss,  total of 24 volatle flavor compound, ] Fig-1 Thep and sy akesof s sorage conisons Femertationst 10°C (A and st 20 ) pattem of the fermented Kimehi nsor-type electronic
including 8 S-containing compounds, 1 terpens, 2 acid, 3 miscellaneous compounds, e, The st concantrationtR) of various storage conditions. Farmenttion & nose system. Sensitivites of five semiconductor sensor were increased with
3 aphatc ocarbons compounds were deetd by uing o GMS, The major [ ) Ll ® increase of fermentation time but electrochemical and photoionization-type - e . P

tile compound was sulfur-compound and these compounds were sersor were unveacted. So. we appled o sufurreact and alcohol-eact S e
gradually reduced during fermentation. sensor in sensor-type electronic nose confirmed good conelation between i ThepH Saedm

SaRoiies a0 of the sensos, Senor ype Secronc o i el
fferentats he flavor pofles of Kimch ccording o the fermentation
DS = paiods, making dffent roups i the inceelcpenert ol FCA ot

MATERI & METHODS

@ Sample preparation

To anayze the compasition change o the stoage period, the samples were . - - .
saecu Kimehi and Chonggak Kimch Baechs Kimchi chonggak Kimchi -

e purchased from 3 lcal marke. Edble portions of Kimch! spproxmately . .

Kimehi A), Chons

ERIALS & M
@ pH & Acidity ®

R, m B

n ':¢.L. *

i 2 o of i 500 g were blended i a mixr including al leaves and stems and Kimchiice. . -
Femanatons 10 The resuling liuid was fitered with 4 layers of gauze and used 33 testhiquid - -
Acidity @ L L . - Fig. 2. Content of reducing sugar according to
# Salinity & Reducmg sugar assay @ pH, acidity and salinity - —— sl yp. el s v Bch
* The sality gl - W) "= The pH was messured vith 3 pH meterSCHORR Instuments, pH electrode = Hinci (4, Crongaek Ko ®)
- e fn 12, The samples were blnded in a commercial biender and fiered
W L i using gauze. Then 10 mL of Kimch samples were tizated with 001 N
L the basis of Iactc acd The sainity of the fitrated Kimchi samples were
l - measured by Mohe method o
e nion m 2% Potssiom chromata(C0) @ Tation ;
i # Reducing sugar assa ¢ =
+ Reducing sugar assay | ~ g sug: y - -

Kimehi A, Changask Kimeh )

z s = P 5, GC/MS chromatograms of the vostile components in Kimchi Sample ypes were
W Baechu Kimehi(A) Chonggak Kimchi ()
‘) v T3 Vot croun of o fom SVE s GV Sample pes e echu

—— @ Fharsion b m ons ‘m
: = : s s
o l ; cacreicnesSampleype ere. e ineh 3, Chnggek Ko
0 w ¢ e A4 L bt 10 bt C 1 L bt O K pc, € A pck
OHeiogGmin ® ... 1 m.,.,w == GreasI Mt CONCLUS

# Volatile components analysis by SPME (GC-MS) = s e - # Flavor pattem analysis by Sensor-type electronic nose
The volatile componenets. o! Kimehi during fermentation were determined by B D s ok M e Jblo L duiter ypssof ocmlonons, ® This study was conducted to optimized of the pretreatment equipment
GC/MS(7890 gas chromatograph/5975 mass selective detector, Agilent Co, USA) 2 e, e e and to investigated changes in Physicochemical characterization during
wiing skl pnmum.mmm 50/30 m DVB/CARIPOMS) dentication of - = e fermentation.
each component was carried out by mass spectrum library (NISTOS, WILEY 7N) 2 © The pH decreased significantly during fermentation, while total acidity

o o e e e e CLUSION LN C L - was showed reverse tendency during fermentation. The salinty was
Tl COAS o e o o o = : - z decreased a little at the beginning of the fermentation and increased
- - after fermentation. Also, reducing sugar content was  decreased

gradually during fermentation period
© We was comparative analysis of twelve sensors. Semiconductor type
sensors were confirmed the sensitvity according to the pre-treatment
equipment, while electrochemical sensors were showing a low

sensitiviy.

= © Compaing the pre-treatment devices, measurement of the liquid
sample using 1 mL bottle was confirmed of the optimal pretreatment

- . Inthis study, we investgated changes in the contents of volatls during fermentatio,
- The Kimehi fermentation induced  gradual reduction in pH and increase in acicty
from 019 % 027 %l to 096 % 209 %(12th, 30th day). The salnity (X) was
o et o decreased a litte at the beginning of the fermentation and Increased after

= fermentation. However very little difference was showed during the whole

5 5 fermentation, Also, the reducing sugar values rapidly decreased after 4, 8 days of
storage at 10 °C, 20 C, respectively. Using gas chiomatography-mass spectrometry

this study examined the variety of volatle compounds contained in Kimchi duing
fermentation, which resulted in the identficaion of 27 and 17 voltie compounds,
respectively. The sulfur-containing compounds were detected as the major

== mpounds, and terpens, lcohols minor compoun i
= compounds, and terpens, alcohols were etected as minor compounds. <Shrmort Matioel i equipment.
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