G- B RE-SFY X
Graduate Institute of Food Science
Tunghai University

LR oF - SN
Food Technology Section

i~
Master Thesis

hERE D RRR BL
Advisor : Chuan-Liang Hsu, Ph.D.

Br T 0B FAR Y L Skt 2 R
Quantitative determination of microorganism in black tea

drinks using electrochemical method

PiLi iRy E
Graduate Student : Hsia-Wei Li

PEAR-FE-&SF

June, 2012



SPTACI T BB AT TRME T A F S T I kg

N
243
i
D
%
T
c
oy

SRATAT LHBR €T hels g 0 v AR
E IR A B AT IOT RIS A G Y o B RS
- B A APBGEFEL S A s RA S M2 R EE- R LIRS
oS ARk FRENERAIFBADE AP A penfin T EA

A 4 g - AFIEEOEf R

A

~

TAGFRE S FRR AR L M R E R AR LT

i

ESERE MRS T isééiﬁmwﬂ%a*&&uaﬁ%é

ERH At ad o TABRE M e Lo EARE Lo BA kY

=

TR Rk 0 2 AP LAY B R R TR P =
EEARER LY S RFRAY 0 L AT FER NG B RS ALL

EPomcEae R BFRT AL NARBLALLFT S # Ak

A
A BRI D BB AEBLA 0 5 SRS UTACR R > AA
BRI EHDT L FAEE A R % AT
TR TR R S 2 H SRE P REE R A

.,1,,

ERE L EBEELAET YRR X RS RESY > &

LN'

N

TR o EARBATEI F AL B RS 8

AN

h

L BENN AR E RUF Y g FEFpE AR PERE 2 BE2 W K

+

FIE L - o Bor e E o B AR R T TS RAR

1



’fr’ﬁiﬁﬂ’l/ig 4—’\7% ?1" N

FoOREF P
WEEAFRRE > iz RAFZ3 00 FREF S FFHM P

\91

s WETR P AN BP BOREGELAITF LR Y RS RS B AR
4 o Aty AP TH %&*B}%51 PO B EC 0 d AN 2 B 9 i
oo AR RIS X SRS E LRPS WA E AR A
PREHEZ P 57“?‘1"5%#%#5 G AR R PREFSEN L R
e BRI o F AT FIEARIREN DX > BRPFFL G R
o BATHFT T ATA E - Bhy A REH O R E 2 AR B
b RO o

BREERSDI AT ORBRAFZ ZANERE W 2 R
§ B A EAP AP BPEFOE D AR RAE SR 2o 2

FrFkxFz o el PR ETELIEFET A SR AT R duie-



#&

FHORE S b ez — wf 2 AiES - A g EE
RAEERIE Brgpl <~ FEEE SR FEORES 2 5 AP
system ~ Coliform agar # Petrifilm™ % - fe 7 g5 s % g iy R E L P
AR e AT AR UE - FRE LG R AMRDRRIZES P
AR R O h s ik ¥ F ke 7 Escherichia coli - Enterobacter -
Citrobacter ¥ - % Salmonella »Pseudomonas f- Morganella = &2t % % {7
X7 F Warg:,riﬁ—] » W (FIE i o w3k T A 03 % 05V ¥ adE g 37C »

5 R A EARSTA 2 N BHA Y BT B E R - Uk
Bpe Fll TR TR e > A4 P RAS VR &7 TR
ol CRERLR LA L EI ARG RFFE B LRI
ko E kY 2 s kR &P pF T (Detection time, DT) & 4% |4 R
% ﬁ%ﬁ?&&i%ﬁiﬁﬁ%[ﬁ?é 10" 3 10°CFU/mI - ¥ § % * 7 3 7 45 o
ﬁ%mﬁﬂfééa%
Yoo MR FZ B F N RARAS Rl RRITE RRIFE NIRRT &
% FAE R 3T 107 CFUMI 12 350 3¢ 10 o pF o+ Apdis @ stk iRl S 2 3
24 % 48 | PF > A 2P AEHE S ik o

1:1>L

R ED RA X FEFE S FEIGL
7l 7]

B4t 37 o = %5 1% fF(Escherichia coli) ~ < % % ¥ (coliform)
v % g2 g i & E (amperometric) ~ iz % (black tea)

+ 3% ¥ P (rapid detection)



Abstract

The contamination of highly plate counts including Escherichia coli in
black tea drink, one of the most popular beverages in Taiwan, has been
becoming a major concern for the public health. The traditional methods for
detection of E. coli include API System, Coliform Agar and Pertrifilm, etc.,
however, these culturing methods are excessively time-consuming and take
cumbersome steps. In this study, a simple, rapid and cost-effective analytical
method for the detection of E. coli and coliforms was established. Cultures of E.
coli, coliforms and non-colifoms gram-negative bacteria were tested using the
electrochemical method. The amperometric measurements were performed in
the selective medium by the addition of black tea drink at a working potential of
0.3 V or 0.5 V and temperatures at 37 °C. The results showed that a linear
relationship exists between the logarithm of the bacterial concentration (over
the range of 10 to 10® CFU/mL) and the detection time (DT). The addition of
black tea drink into the selective medium caused the release of electrochemical
active substances in microorganisms and produced a significant signal through
the electrode reaction. The correlation coefficient (R%) was 0.9354 and 0.9144
for the detection of E. coli and coliforms, respectively. The DT obtained from
the proposed method is about 10 hours, which is shorter than those by
traditional culturing methods. The proposed electrochemical method could both
rapidly and sensitively determine the concentration of E. coli and coliforms in
black tea drink samples.

Keywords : Escherichia.coli ~ Amperometric - Black tea - Rapid detection
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Fig. 2.2. lllustration of cyclic voltammograms.
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Fig. 2.3. The sells situation of tea drinks in recent years in Taiwan.
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Fig. 2.4. The production of tea drinks in the world.



221 AEFEALSAGE

Table 2.1. The components in the various tea leafs

T e,
cowal k|| | e
(%) | (%)
BOE 12.64 5.88 2.82 46.62 4.56 10.64 5.83
%% | 1253 5.17 3.11 47.83 3.70 10.18 5.19
2% kx| 1153 5.09 2.93 46.65 3.53 9.57 5.20
T E R | 11.24 6.62 3.73 42.87 4.28 14.00 6.79
R 10.47 7.05 4.62 46.72 5.14 9.66 6.68
H Ok 10.47 3.82 1.97 40.03 4,31 18.98 5.35
5 ac x| 12.46 4,01 3.00 44.34 2.80 12.22 6.33
= x 13.16 4.39 2.73 37.53 2.87 10.68 5.11
3 6.98 2.82 1.10 20.27 3.47 24.97 5.39

(FR &R A b FERPF 2

http://tatung.cis.justgogo.tw/cis/ContentV2.aspx?mp=17659 )
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$63 % 1001302250 8.4 131 Fw if BT ERT) FF AR TE
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% 22~ oA R

Table 2.2. The beverage hygiene standard in TFDA.

5w 2 HFk AEEEE | SR | HPYE
(cfu/mL) (MPN/mL) | (MPN/mL)
-~ P R g 104.rm- e |10
E kT8 FEAFEY | FEAC Y £ 1 £ 1
Bt 100 1T | B R IA
S ~NY%EFEAE RS
(-)AEHFR2FF
B2 B 2R — 10° 1= 10 1277 £ 1
R
(Z)BER*FES %5 (100 rn; ed |10 0T fe
AR R R(R) | FESEEY | FESEY e = 1+
o200 1T | s A A
(2)#FEE* S~ x 10 275 el
*ET A — RREFERE | KB e
s
Z o NEERFEE
e B2 gk |10' T g |10 g
(& Foehert s 7 FEAKE | FESAY E e = 1+
Fook o AR 2 | 200 1T s s
PR A8l 10 127 e g
PSR FPEA KK £ 1+ £ 1
1 4 L o b 1
(FRLR: FLyasrEr gL
PEIEI0E T 29 P 485 % 1001302250 54 B & w iF)
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2

3

S HLE S

3.1 REXRA

1. #c& 4 2 % (Model P100 ~ P1000 ~ P5000, Gilson Pipetman, Connecticut,

12.

13.

USA)
123 2% o ik (CHI802B,CH Instruments Eelctrochemical Analyzer, USA)

1208 ¥ -k 1 (CY-130, Cheng Yang Instrument, Taichung, Taiwan)
%8 208 12 & 45 (KK04-498, SANYO, Tokyo, Japan)

Sv A P4 B (SK-10541, Shin Kong Insdustries, New Taipei city, Taiwan)
#p L B g # + (AT-MIO-16E, National Instruments, Texas, USA)
7B~ =+ (NI USB-6008, National Instruments, Texas, USA)

% R &F § & = 7%(TM-328, Tomin, New Taipei city, Taiwan)

M A 43t BB (SK-20162, Shin Kong Insdustries, New Taipei city,
Taiwan)

T & B8 45 (TMC-75, TATUNG, Taipei, Taiwan)
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32 A4

Frfis ' L T -9 32 & % (lauryl sulfate tryptose broth, LST broth) -
¥ % # % A (nutrient agar, NA) ~ ¥ & 32 % /% (nutrient broth, NB) ~ LB 32 %
;% (luria-Bertani broth, LB broth) - 5 it 3-v (Bacto™ Tryptose) - =+ #&
¥ % 2 (plate count agar, PCA)#=p g BD(Becton ~ Dickinson and Company,
Maryland, USA) : Petrifilm™ 5 3M Businesess, Maplewood, Minnesota,

USA) «

3.3 i F A
B ot 2 H iR A fk(lactose)pp CHENG HSIN TANG 2 7,
SAT, S# F E#E(lucose)iEp COTA o2, s¢ 3, L% &

$E(sucrose)fr & #&(fructose)iZF pp xfe i 5 & 7, Fra 9, S& ; L2

aiF

7y fa4h (sodium lauryl sulfate, SDS)i% pE SIGMA = &, St. Louis, MO,
USA ; &Ei & = 1 47 (monopotassium phosphate, KH,PO,) ~ i & & 49
(dipotassium phosphate, K,HPO,4) ~ # i 4 (sodium chloride) ~ #ifc = & 4
(sodium dihydrogen phosphate)3=ptp § 4 % S4k:S €42, < K3, p &

95%¢z fig(ethanol)pp F PP iv 1 2 2, w & Bk, 53 11 975 B 45 % 3R
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34 FHFHE&

wE N R ER D H

(FEEJIEF, FFD, 2#); ¢ KeFE

|4
>

FF- K, pat, o) FRBEEE P ERYEHERELEE

o]
;}1@

=
()

it

sl

FACEH LA BT e o SR AERRISE
FERGE 2 RARLE S FARY N INkRR 2l o X0 R T B Im
e e Iml ERMER LA THRAFE Y BETRR D 27 2L FR2

il § ERED BRG R TR FREAER IR R

BAml 2 e &3t gl Iy g ¢ R TP o

3.5 T Fik

AR BT FBR S 4525 m R+ % 4% F(E.coli) 2 t& - Citrobacter
freundii. - Enterobacter aerogenes. - Klebsiella spp. % 3 & ~ 5 1% ¥ Fix
oz 3 k2 s 5 R F ¥ F th Pseudomonas aeruginosa. - Salmonella
typhimurium. » Morganella morganii. o

Atk kihe 45 L% s 51 £4 B3 “r(Food Industry Research and
Development Indusitute, FIRDI, Hsinchu, Taiwan) 2 4= F /& © < (Bioresource
Collection and Research Center, BCRC, Hsinchu, Taiwan) 2 & /= < %
(Tunghai University, THU)2 1R XX 7 R % 2 2 A P R % 2 R/ 6 A%

A% KiRAAt & 3o
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231 AT AT Z A B EE A B EFE SR FERKRE LR

Escherichia coli ~ non-coliform bacteria and coliform strains used

in this study.

Species LAB No. Provenance
Escherichia coli BCRC 10239 FIRDI
E.coli unknown THU
Salmonella typhimurium unknown THU
Morganella morganii BCRC 10706 FIRDI
Citrobacter freundii BCRC 12292 FIRDI
Enterobacter aerogenes BCRC 15630 FIRDI
Klebsiella spp BCRC 17913 FIRDI

Pseudomonas aeruginosa unknown THU
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AR B2 H%KT SR AT A %R THEN AL B ET

BRI BERVIRLER LY § TR~ B PR £

2T A RTRE S BREEAFZBRR TRfrER E A
AT REN > T G e T 0 F LB R
o Bcdh e d — £ 4 o 7 (National Instruments, Texas, USA) 91 & 2 7

# B~ (peripheral component interconnect, PCI) » it 5L 4% 1 1% Iz £

¥
£

o Btsd EA P A 2 Labview & Z 425N (3 ELEEE ,E;%’TE Py

I Hp AT FAPRERS BET P REERERER R
AR ~SERALEFETEST AR TEAAAAHATO T BRI
B x 3Mpetrifilm™ 2 &R 0 HRAR S L MRIE YT E TS T4

B E > FERPHRE Iml RRRER T E Y LB R A > TR R
FT o2 S URERT FR 4 RRES > HRREERrRE B 243 48
D RERES S B 31 4w ) o U FMIER ST FRPIFFRE T
’}ggﬁﬂ,%,l‘z«flj?r TiE sz F pEFiai s SR FHER

B32 5 252 FHEHE 27 AL S T2 BB Fa A
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ERCFRAS G FHERTRARS RN G A S HER PR
AT PFEHE-HFLNAGERE AGRFE B EEINAR G
KRl 2 Al kR 5 - @ B ECHEFGET R GEER)
WEheR? A EF S EFRFETLARLITCF AR ER T
T L F 2 g EE SRR 2P X g 2 o 3M petrifilm™ (@ s
E)EFV RO RRLAE LR o B33 2Tk el

P2 iR B L F RS ERERAALE Iml e r THRAFF
R THREE TR Y R T ITCEE C RBR LS 03V 2 05V 3
FRE R Bt B2 8217 NP GFFERNT I EF R

B
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1 Ml v 150 T g 4 2. 1151 %?B’»lml 5
Gk BB R D ERCOIE SR

3. BIFPWHEMET 0 EAL 4, %@%ﬁﬂﬁT,%%f
Cop A Ry REVRQEALL

D, BBEEENRAHY Y 6. ¥ A PARS FE
24~48h > E P G P+ o BB d S PH Y
- -H}/‘ﬁ;"‘io

B) 3.1 ~ Petrifilm ™ $-i# # |3 ¥ A2 o
Fig 3.1. Procedure for E.coli / coliform by Petrifilm ™
(F5 L % e http://www.3m.com/product/information/Petrifilm-Plate.html)
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Fig.3.2. Electrochemical procedures for detection of microogansim.

36



=
=l E

oL
B1 33~ 7 i 8 4 sda il ? o2 inde o vt FF R

Fig. 3.3. The process electrochemical detection.
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3.7 %% % 4 (cyclic voltammetry, CV)
BERREZ L - FAERERFB TR TR A - A= 2G5
A ez B Ree® - B NIME S S8 h b B § T
FRIF-RE(F- 2 2)ENMREIMRAF)RT RF »FH T
FlRE > 0T ETR R 2 (CV)(F 0 2006) 0 ot EIRT 2 E A st o PR R
FFd R THE LIRS XV ARG AR AT
FEERHBFIY F Len2 2 (F 0 2007) o OB HRRZ 22 AFTHFER 0 T

BRI FR ST Ay P RRT 2 TN
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AFT G ¢ TR * 2 Ftke 7 Eschericha coli ~Enterobacter - Citrobacter -
Klebsiella f= Morganella pt-p & 1 £ EF 7 214 H F e < B0 5
Fo ko BRI R E S T oAz 0 H ) e 34 41T o H IR S s
F 70% SEF el R B T A LG e F 2 IR R T ok
A Bt g TS L UH R BN AR B R B
NN F AR MEFRE R 03~05ml dh Rl AL F AP
BO-FHET o o R BFR LA IO T R Bt BRI
Frip TR RAP AR TLERTHEAEIA4 BRRERET

7 Ftk o

39



B L5 B

3. UMTRHEMBAKEANE

4. UBTREREZMIEE

L.

ST TR (BRRRTER)

5. A 03~0.5 ml #EEIXHFRAAET F
B EREERBRIFRAR

0.3~0.5 ml
ERBER

:

2. MBPEAu e BK 0 I UASE TRk I

e

SNERY /&?
[}
="

6. B4 0.1 ml BIF B RTHENE T FR
ERE FRBRERRMARIE T2
AR MERBENETEERRL

PR F AR l
H <:> 5~10 ml

5 XA

Bl 3.4 FHLE AR FHRET -

Fig. 3.4. The activity of microorganism.

(FH &R 8 F1EFRFAL AP TR )
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Frd - BRauE
TR RIS F S
- RBASGEFRRET HEA A0 (Ui R E RS

WIREREE Y ARAF AT RSY TR T S E AR Qm R

=

WA Fz FiR* EMBAgars &£ > 22 %¢ £ HRERE L mFLI

G) 25 EFHEMLS S » wd 3 H i < 54 F¥E 4 Yersinia

(B 0 2010) > #T AT T 2 B ZRRBIE A G FE SR FTFE
Petrifilm 21 EMB Agar > 714 = % s 754 > BT 5 3M Petrifilm™ g£-
BRPIAL AL REXRBRTLEZ2EMERARAE - 2EEH T
SRR kLo B BRI ITIA LB 3.2 TV ERKRBE AL B 3.3 K &
Tz e B FOEREER ALY o - A S P (e SR
F) LU i & AIRE T o f W EARE PH B3 0 S T R
¢ %+ § T (Poortinga et al., 2002) > - 4 & B F2 £ T 85 pH2-3 >
WS pH 4-5 8 ki o Fptarg gt B AP B A ARBR T IO

FEB A ATTRE RN KA TE TR e B

L‘]

BT Y AT A G FAO LT RATA A 2 TN € A P A i

W RE 0 ek g S K PER R (RO S R ) > R AR

BAEY [ TFEES I AL RMTEL G R L DR SR
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AARUERUEATEAILRMPHT > THY BVSETR R
WMIY2ERBET R R 2L Fladratme ) b kAT gk
o B plbe gk EF T aE A A B *E%]’/gi);gj RN N ?fr'}fﬁ:'i E_ig 7oL
Bo(iF > 2010) o f b abdaH T v A SR EEH @ E FRALEE B ES
SR ME LTSS ERTIFIRIBAATAFREAL AT R E D
plo B ¥ FITRB AL AR ORI R I R KL P DR T Rk
VR AR B ERFAE AR AR IRLIRBRAT - K
PFREREE A5 ERHPH E7 %32 50 =+ 0 & X 5 FAEMH
Enterobacter - Citrobacter)s #-3 *1 > £ <™ " 1 ¥ 6.0 2 5d % fkipl
FREFAGEFHEFTFTPN § AL AR SR FFENT BT
AR ARG Y (B BALE S BRATASERENIBEEE A
iRl e

X FHEBEEASLSP Y g Frte g e pH B ehit £ 5 A A b
be LST 2 % % ¢ Tz 4c 1 KHPO, ~ KHPO, & #mifie i e > 7 2R 32
RRAIF A pH B4 4 6.8(5 > 2004) >0 F) A F B gL Eow] 0

B AEE L N IAE B Mt E LST broth @ 4 ‘% AR

-

REER R R RPIEAY ARAL AR PHELZE T F

=

B AT R AT AR KA Fep B A A
B imEk ) BN TEAF AL TINE TG R T Rl
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P A B EFA S EAFER B 42 L A5 AECE LB R
BHTAEREAAZRR D BB A EY S RE L RICBEAR TR

by TR -
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2.5 == (a) E.coli
=== (b) Enterobacter

== (¢) Salmonella (a)

Current (pA)

B4l ~ 58 Ao SE [AETIBRE A2 %R -

Fig. 4.1. Detection current profile of the amperometric sensor when electrode
was immersed in LST-Lactose (a) E.coli (b) Enterobacter (c) Salmonella
inoculums of 10> CFU/mL. The sample volume was totally 2mL and the

sensor was placed in an incubator with the temperature precisely controlled at
37+0.1°C.
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12

10 {a) - (a) E.coli
=~ (b) Enterobacter
8 | == (¢) Citrobacter

i (d) Morganella

(e) Pseudomonas

Current (pA)
=

Time (h)
Bl42  * S FAHEfrd s BERAYRASEFT B 2 A2 KRip -

Fig. 4.2. Detection current profile of the amperometric sensor when electrode
was immersed in non-buffer solution LST-Lactose (a) E.coli (b) Enterobacter (c)
Citrobacter (d) Morganella (e) Pseudomonas inoculums of 10° CFU/mL. The
sample volume was totally 2mL and the sensor was placed in an incubator with
the temperature precisely controlled at 37+0.1°C.
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2 R TE A ARBIES PR TREFEH

FHR? NERTCEEH GRS AR FAEL fRS Y EF
0-01-03-054c07V E2 T BRI EAXTL ITC 5d 9 4
TREFHAERRERET A SERFR 0LV T2 R EAPEE > 2 PR
NHUTRTHBRFERTEEEL 8 07V T2 REEFAET ) HH T
TR Az m e B A 2 St 230030 0.5V T 35 B F el 4
CENER 3 TR NSRS SR SRR RS LA RN E 2
FRRLI-IVERPN F5ET 03V {r-03Via) 2k P k3t §
WP A 0.3V T A 2 ek i R (GF 0 2006) 0 il A R R
Wl T ORIE KL 0.3V e x B EFHEH A0S Flicz il RIFR A
M B A4 cR 4504 BE T bR ER T X B FE 05V TR
B o RRIER Y gm0 a2 Ak 05V & 0TV T L g A
B a2 0TV T A TR s B AEE D T & S FE A0S Fik

B T RIFR TS5 05V
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]

Current (pA)
2

Time (h)
Bla3 - ~HHEFA*FFITRTZREFD R -
Fig. 4.3. Current response curves of E.coli at 37°C using the sensor. The

electrode was immersed in media with E.coli inoculums 10° CFU/mL.The

amperometric measurement was performed between 0V to 0.7V.
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= 3
=
2
5 2
&
1 0.7V
ov
0
0 2 4 6 8 10 12

Time(h)

Bldd “HREFAFEIRTRT ZE VM o

Fig. 4.4. Current response curves of coliform at 37°C using the sensor. The
electrode was immersed in media with coliform inoculums 10°> CFU/mL. The

amperometric measurement was performed between 0V to 0.7V.
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4 0.5V
-
=
E 3 0.7V
=
=
“ o2

0.3V
1
— 0.1V ov
0 [l | 1 1 1
0 2 4 i) 8 10 12

Time(h)

Bl4S5~ R 2 A 2R T BT ZRE Y R o

Fig. 4.5. Current response curves of bacteria count at 37°C using the sensor.
The electrode was immersed in media with total bacteria count inoculums 10°
CFU/mL. The amperometric measurement was performed between 0V to
0.7V.
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4.3 78 s RiRBIKE 2 i B FF

YL PRI B ARR] Gk AR TRk 13 = 25°C ~ 30°C ~ 37°C -
RCEHPERHED Bor? 2 FEEFRRA - 5% ¥ 7 25C ~30C -
37°CaF Tin'k 5 4o 4.6 #7157 » Ap#>t 30°C ~ 37°C ehik i+ > 25°C et ip)
PRRPRIRE > R > @ 30CT A ORI ARN > B HT
S R GER G Ry 3TC; A R EE A GEFFOINLS D N EG

4 EBRHBLITC AL HE T MEFES -
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<
~ 37C
T2
?C' 25C
-
S
1 | 30C 42°C
& e v
0 1 1 1
0 5 10 15 20
Time(h)

BA46~chd ABARERT2ZRBE W M o

Fig. 4.6. Effect of the current response curves at 0.5V using the sensor. The

electrode was immersed in media with bacteria count inoculums 10° CFU/mL.

The amperometric measurement was performed between 25°C to 42°C.
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A4 g AR ERRPD B K2 F2H:

TRy HHLED B REs g0 R AR RER2 7 0B
G FRERAFEN G A RIFURARL L2 E(0.1m])
Ed FARAANARE L R 4424248 B2 > d B% R 47
e Ao AP a2 P2 E 32 8RR 27 840X Ais
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10°2 10°> v s g K2t 3 BB 0 PP BH R @

IR
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¢ X% (0)

2R B = F(10%

3 L4 F(10)

BMA7~7 Lo r 2 &850 BA ARG 22 FBRIES -
Fig. 4.7. Detection of microorganism in various black tea samples cultured

in NB medium.
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4.5 s RS R B XY M3 F 2 B
R RE 2 - PR RTLERTFE > ffd 2% T
cEMNFCRRTAC L E o TR EL BRAL IRF B
g o PlEompE R i- 55 (Rabaey etal, 2004) - 2573 # * AR K
FE KRR ECFNET LRGN RAERE 0T T EFRL
JRERRR - )2 A AR TR ARMA SR G AR ET
2 o CV i #HE5-1.0 T 10V HFf@E 5 01V/IS & * v 4
TR HREZE - TFEFTEIR G TR R R

o dmre dog MIAF G R N e d R E T B A S R

Il

PRETMASL Pwmied 2L 4 BEFTI 2 7% FRGTINER(F
2006) o ¥ fr P gl A K R A2 EERY €4 B NHEF - R
(hydroquinone) 2 H =4 4= » ¥ 2 & #-F + B L5 T & (Qiao Y et al.,
2008)-d S % F A48 AP G F T R IR A ¢ Ei K (R
M2 )RIE o FEER AP LA L FES T SRR D

i%%ﬁ%‘*i\‘a”t-ﬁ?ﬁ%”,ﬁ*05"”*{??7’% Vi: A A M Y e

Z LB EMEF BEIERE AR IR R T R 8- IR o
7]
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3. 7hr

o 6hr
i hr
g 08 . , s
S 2hr ¢ iz %(0)
Al . 3hr,
SRy & 4hr

Iffg’ S5hr

40 08 -06 -04 02 0 02 04 06 08 1.0
Potential / V

20

16 7hr_

ehr.
EE 0.8 Ohr_
LR - 1hr,
% 0] i 2hr
E 04 ] - 3hr | @ g 3@@*&1 ’}-‘fﬁ(lOS)
- 0.8 ] i 4hr_

42 5hr_

_1_5d.‘,‘.‘_.‘,‘,‘,‘H,‘H,..‘_.‘_.,,H.

40 -08 -06 04 -02 0 02 04 06 08 10

Potential / V

B 48~ ERRE 2 WD G RME P2 iRPIESE
Fig. 4.8. Detection of microorganism in various black tea samples using

Cyclic voltammograms .
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AR CFE SRR e F 2 T PR 2w 5 583 % 185 ) P 0 4o

Bl A9 5rm o mmig B s e AR FE 5 &R K4 Hlks v s

BRRRERR AN LA RS RRIERE S R R FR
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Fig. 4.9. Detection of microorganism in various black tea samples using

electrochemical sensor .
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47 TF iR FEFHE S AFLE L AR
S
SHERERHIBERARE AF 2R ARTIRERRE
PO ] R RS BRAR L ERERE A AR I A KRES
W T sk 2 ¢ 75 Sodium lauryl sulfate(* £ Sodium Dodecyl

Sulfate, SDS)¥ rifr|E jF < 15 1+ -4 B EFRRAESSd SR

(5
A
E:1
W
[

BEGARAF  RTVRPZERST TN BT

(Pederson & Skinner, 1955) - & = < ;;;Je ? e dp &) LST broth & 5 /& &< % 4%
A& B R P2 Tk 0 AF SR & LST broth = 4 % 37 ¢ 7 dv b B
BT R ) LT R R o PR RS TR RE
T gske ey (@) RT B r & o & LST
broth # i & = & & 7 sodium lauryl sulfate -~ NaCl - tryptose - lactose -~
KH,PO, v K;HPO, % > # ¢ KH,PO, fr KoHPO, 5 B 3 e » ¥ B3 &
A pH BEaF L 62> 2L AP ARS RO Ty TR > A R
S M A G R AR i R 2 RS B G R
Sv B o 7 ‘v ERpL % e 2. LST broth ™ v Hig 2 5 37TCT B %
18 ] pF > £5d ko a 10°CFU/mI {5 ¢ BE P o T ke x e s
risz R FHRETRTRESEFTCERP w05V 2 HETLRR

B R A 37C - B 410 5~ B4 Ffe 18 FHE 5§ MRS p
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LST broth = 4e b iR o2 vt i o 202 R e g v pb A 2 < £

w_
i
?S
=
W
‘:;;T‘
¥
ﬂ\
:\4\
F_&
(s
f*ﬂ

fe BB AR Ao BT - TR R
R EMEL LR RETIERAG A E ST RPR L B ¢ SRR
BEAR T N R RSB A R L 2 N R AR B AR LR Fe &
2 A G TINRI(E 0 2006) 0 ¥kt kR FE S E B EME A G
FafL % B 22 LST broth ™ 2.2 % » 4c @] 4.11 #7771 » 7 5o if P~ 5 4% [

(a) Escherichia - (b) Enterobacter - (c) Citrobacter > (d) Morganella 25 %

ELA A o @ 2 B 2 £ A (e) Pseudomonas d Y 2 g g
AR ST § 5 TOELA L JR T AR (B )5 e BEEL S i 1

HI AR SRS EAEE A EAETE S A SR HL KR
Flerck o m 3B REARY F AR DR RE T AT R AHEIRET &
AR AT R R R R P 2 ARk 4 0 AR Y A S
Fl ) Bt RIFR g2 orid %7 RpIER AT oo < SR B FH
A

fé st 4 % 33 & B 5 % Escherichia > Citrobacter > Enterobacter >

Soobs kR T BRI K R R AR A5 1 i LST
broth # & lactose 2 #F » 7~ iE * glucose 't & AF RS 4 > Ay A
FARREIIARABIE R KT S EF A G RFER 2y

¥+ # ¥ ( Enterobacter % Salmonella) & - tx4&4&* 2 glucose & # ik 2

59



LST broth #+t fi > 412 0.5V B 2T B ~ B AR T 37CHE V8 1
Rl BEETRAL SEETEFETEREL VT R EREAK

v

B = & 5 lactose.
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—= (a) E.coli

== (b) Enterobacter

—— (¢) Citrobacter
(d) Morganella

=#= (e) Salmonella

Current (pA)
w

Time (h)

400+ % 5 Ffe s B AHE TR R KL B4 8

Fig. 4.10. Current profile of the amperometric sensor when electrode was
immersed in LST-Lactose with black tea (a) E.coli (b) Enterobacter (c)
Citrobacter (d) Morganella (e) Salmonella inoculums of 10° CFU/mL. The
sample volume was totally 2mL and the sensor was placed in an incubator
with the temperature precisely controlled at 37+0.1°C.
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4.7 == (a) E.coli
—— (b) Enterobacter
(c) o

3.7 == (¢c) Citrobacter
z (d) Morganella
§ 27 (e) Pseldomonas
=
=*]
-
= 17
u .

0.7

(e)
| |
-0.3

Bl 411~ = 5 AE sl 6 REFY R E R T A A A a e F
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Fig. 4.11. Current profile of the amperometric sensor when electrode was
immersed in non-buffer solution LST-Lactose with black tea (a) E.coli (b)
Enterobacter (c) Citrobacter (d) Morganella (e) Pseudomonas inoculums of
10° CFU/mL. The sample volume was totally 2mL and the sensor was placed
in an incubator with the temperature precisely controlled at 37+0.1°C.
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""""""""""" 5= (a) E.coli

== (b) Enterobacter

10 | @

== (¢) Salmonella

oo

Current (uA)
o)
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Time(h)
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Fig. 4.12. Current profile of the amperometric sensor when electrode was
immersed in LST-Glucose with black tea (a) E.coli (b) Enterobacter (c)
Salmonella inoculums of 10° CFU/mL. The sample volume was totally 2mL
and the sensor was placed in an incubator with the temperature precisely
controlled at 37+0.1°C.
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TERAASEAN I FBRALF T LR 283
AR AHEFAAGEFE R A2 BT xR A

LSTbrOthﬂyf%—eﬁi;ﬁ-ﬁ:;;}é}i,ét)\z y ;F%“';’i"ﬁ &G 2 B

7

A B S 528210212~15~20%rix > R ek K OE S HRES B 37T
0.3V Ti7R V5§ k5Pl o %587 3HE 413 f ;E‘i?:%c,i:fﬁ’&if]t
4o 0%brix oK P b A B T REF o XY EE R R
MBS 5 L A g s A 2 ¢ R ik e 10°DriX MR 2 o B R B E o 2
ST ALY 2T VARG AP AL AL [ 5

2 R B FEG A LT S 10%riX -
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30

—LST broth
- —VLST + 0 brix
25 ,
—LST + 5 brix
LST + 8 brix
20 | —LST + 10 brix

—L.ST + 12 brix
—LST + 15 brix
LST + 20 brix

Current (pA)
[y
]

J
0 é |
0 5 10 15 20 25 30
Time (h)

BlAl13 = B ENF kR KL BEd & o

Fig. 4.13. Current profile of the amperometric sensor when the electrode was
immersed in LST broth with black tea, LST+0, 5, 8, 10, 12, 15, 20°brix Media
with E.coli inoculums of 10> CFU/mL. The sample volume was totally 2 mL
and the sensor was placed in an incubator with the temperature precisely

controlled at 37+0.1°C.
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2. (Yﬂmﬁ“Yexp)E
N

Standard Error(%) =

Y mod = Traditional method value
Y exp = Electrochemical method value

N = sample numbers
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Fig. 4.14. The current response of E.coli detected by electrochemical sensor.
The range of cell density was between 10* to 10° CFU/mL in black tea. The
sample volume was totally 2mL. The temperature of incubator was 37.0 +
0.1C.
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Fig. 4.15. Calibreation curve of initial cell density of E.coli in black tea vs.
respons time. The sample volume was totally 2mL. The temperature of
incubator was 37.0 + 0.1°C.
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Fig. 4.16. The current response of coliform detected by electrochemical sensor.
The range of cell density was between 10* to 10" CFU/mL in black tea. The
sample volume was totally 2mL. The temperature of incubator was 37.0
0.1C.
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Fig. 4.17. Calibreation curve of initial cell density of coliform in black tea vs.
respons time. The sample volume was totally 2mL. The temperature of
incubator was 37.0 + 0.1°C.
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Fig. 4.18. The current response of total bacterial count detected by
electrochemical sensor. The range of cell density was between 10° to 10’
CFU/mL in black tea. The sample volume was totally 2mL. The temperature
of incubator was 37.0 £ 0.1°C.
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y = -0.4528x + 7.8191
R% = 0.9024
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Fig. 4.19. Calibreation curve of initial cell density of total bacteria count in

black tea vs. respons time. The sample volume was totally 2mL. The
temperature of incubator was 37.0 £ 0.1°C.
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Table. 3. Detection of E.coli concentration in black tea samples
using electrochemical system.

3 T ALE KR FARE- S 303
B R REEE 1 (h) = e
(IoCFU/mI) (log CFU/mI)

A 1 1.30 14.83 121

A 1.47 15.16 1.04

B 3 1.95 11.50 2.95

B 4 1.90 — _

C 5 — - o

C 6 — - o

D 7 3.69 8.50 4.53

D 3.77 9.33 4.10

E 9 — - -

E 10 — - _

F 11 0.90 — -

F 12 0.85 — —

® Detection by Petrifilm™.
®formula : y= -0.525x + 8.9974.

—: A
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Table. 4. Detection of coliform concentration in  black tea
samples using electrochemical system.

# 5 T FEwR T FEZRR
B R REEE 1 (h) = e

(log CFU/mlI) (log CFU/mlI)
A 1 1.60 17.00 2.35
A 2 1.78 17.67 2.13
B 3 2.39 13.33 3.55
B 4 2.17 14.67 3.11
C 5 2.98 11.17 4.26
C 6 3.11 10.67 4.42
D 7 — — -
D 8 — — _
E 9 1.48 19.83 1.42
E 10 1.30 20.17 1.30
F 11 2.52 15.33 2.90
F 12 2.49 16.00 2.68

? Detection by Petrifilm ™.
®formula : y= -0.3279x + 7.9234.

—: R
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Table. 5. Detection of Totol bacterial count concentration
in black tea samples using electrochemical system.

¥ 5 T B E CHRLIE BES - Bl
VS S 3 % P (h) 2 i
(log CFU/mlI) (log CFU/mlI)

A 1 2.08 13.83 1.57
A 2 2.08 14.00 1.49
A 3 1.30 — —

B 4 3.78 7.83 4.28
B 5 3.40 9.00 3.75
B 6 2.70 12.17 2.32
C 7 3.26 9.67 3.44
C 8 3.18 11.83 2.47
C 9 3.00 12.17 2.32
D 10 3.84 11.00 2.84
D 11 3.82 11.17 2.77
D 12 3.89 10.17 3.22
E 13 3.36 11.50 2.62
E 14 3.20 12.00 2.40
E 15 3.28 11.83 2.47
F 16 1.85 — —

F 17 1.78 — —

F 18 1.48 — —

? Detection by Petrifilm ™.
®formula : y= -0.4528x + 7.8191.

—: A
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Table 6. The standard deviation of detection of E.coli concentration
in black tea samples using both of electrochemical and traditional method.

R e BRI CRLE S B &
(log CFU/mI) (log CFU/mI) T E D (%)
A 1.39+ 0.12 1.13+0.12 0.31
B 1.930.03 0.00 1.00
C _ _ _
D 3.69+0.06 4.32+0.30 0.64
E _ _ _
F 0.875+0.04 o o

*Mean + standard deviation (n=2).

b 2

) (anod“Yexp)
N

Standard Error(%) = \/

Y mod = Traditional method value
Y exp = Electrochemical method value

N = sample numbers
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Table. 7. The standard deviation of detection of coliform concentration
in black tea samples using both of electrochemical and traditional method.

Number Traditional Electrochemical Traditional &
method ° method * Electrochemical

(log CFU/mI) (log CFU/mI) (%)
A 1.69+0.13 2.34+0.04 0.66
B 2.28+0.16 3.35+0.30 1.07
C 3.05+0.09 4.35+0.11 1.31
D 1.39+0.13 1.39+0.08 0.04
E 2.51+0.02 2.80+0.16 0.31
F 1.39+0.13 1.74+0.19 0.41

*Mean + standard deviation (n=2).

b

Z (Ymod“Yexp)z
N

Standard Error(%) = \/

Y mod = Traditional method value
Y exp = Electrochemical method value

N = sample numbers
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Table. 8. The standard deviation of detection of Total bacteria count
concentration in black tea samples using both of electrochemical and
traditional method.

R bR CRLE S2 Bz &
(log CFU/mI) (log CFU/mI) T E D (%)

A 1.82+0.45 — -

B 3.19+0.71 3.45+1.01 0.35

C 3.15+0.13 2.74+0.61 0.57

D 3.85+0.04 2.94+0.24 0.92

E 3.28+0.08 2.50 £0.11 0.79

F 1.70+0.20 — _

*Mean + standard deviation (n=2).

b E (Ymod“Yexp)z

N

Standard Error(%) :\/

Y mod = Traditional method value
Y exp = Electrochemical method value
N = sample numbers
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