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Abstract

We developed the Eco medium for Escherichia coli and total coliforms, which was modified by Violet Red Bile (VRB)
medium, and derived the standard curve of exponential phase at OD4i0 by using type strains such as E. coli ATCC11303,
Enterobacter cloacae KCTC2361, Klebsiella pneumoniae KCTC2241, and Citrobacter freundii KCTC2359. Also, we used
total 93 samples of spring and stream water to compare the detection ability of total coliforms between the method using Eco
medium and such as most probable number (MPN), and plate count methods. As aresult, the qualitative analysis of E. coli and
total coliforms using Eco medium contained ortho-nitrophenyl-3-galactoside (ONPG) and 4-methylumbelliferyl-3-D-
glucuronide (MUG) was same as those of Korean standard methods (Colilert kit). And the colony forming unit (CFU) detected
in Eco medium was similar to those of result from MPN and plate count methods. Moreover, the agreement, sensitivity, and
specificity of the developed kit was more than 97.5% in comparison with Colilert kit for 350 samples. Thus, the Eco medium
can be used both qualitative and quantitative analysis of E. coli and total coliforms.
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U HeE FEIEAEHAE T ddEES o
FHs Arete dHoE gadAYo]l FAEY JloH
o] AARl 95t “wiA= AAY FEgEo AFEE 4
sl 4EstE HlA|[Colilert(ldexx Laboratory) T ©] 9}
L 5" EFS ARSI L HAHY o &aa
AR dFH SHEAZN SoldeR EAste &
&9 WEate 712 & o] &3t o] 7Aool JtrRiAEE
FFel MBS AZolu FF wsE FHFoEN A
&t ot 74 SHEHLE B-D-gdactosidase®
25 HAste AdeE FoHi, tigd2 B-D-glucu-

=
ronidase §45 TRAstE AHFLR2 Fodth waA o5
o Hojdez wgste 71de AU, 59 whs

2%g 47 BEH] Astel W T AEe] ABolY I
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2 F gF3FES B- galactosdase.J aka d%ﬂéi I
%l 5-bromo-4-chloro-3-indolyl beta-D-ga actopyranoside(X-gal,
=A),  ortho-nitrophenyl-B-galactoside(ONPG, =24), 4-
methylumbelliferyl-3-D-gal actopyranoside(MUGA, 83), 3,4
cyclohexenoesculetin-3-D-galactopyranoside(S-Gal, S4)&
o] 835} 1(Edberg et al., 1989; Kilian and Bulow, 1976; Le
Minor, 1979; Venkateswaran et al., 1996), &2 2%
B-glucuronidasegt= FARAE 7HAA YO B2 4methyl-
umbelliferyl-B-D-glucuronideMUG, %), 5-brom-4-chloro-3-
indol-B-D-glucuronide cyclohexylammonium salt (XGIcA,
EA)E o]&F = UtKClark e a., 1991; Edberg and
Kontnick, 1986; Feng and Hartman, 1982; Koburger and
Miller, 1985; Moberg et a., 1988; Poelma et a., 1987;
Rice et a., 1991). Z2E2 HeE FAZPAIEEA A

H Colilert 71E2] 2% MUGS ONPGE 7|22 sl= Hl
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B-galactosidaseE Aitete TUHAHT
o] Algld EMF A 7IZEZ ONPGE FH7Ietd O
nitorphenol 2 E3 =] =TS YeRiiL, B-glucuro-
;g_

A% olg@th =
d

2

nidaseE A 4tsh= T2 MUGE 4-methylumbelliforone

o7 Raflsty JFS vehdth wgbAd ol sadd s

o] &g Colilets AIE o] tdstal FAAAIE] Frhe
o)

2 o $39 WFEH F
WgFEe A& AN £ Qe A4 7ES A
£ A =Ho] gtk olF fete] RFEA FHFFE

ol ¢ Eco WiAE /Wt 1 He5& Ut

2. A7y

2.1, HiX| MH

I% FPAFQ Bacillus subtilis ATCC168% ol &<l
Escherichia coli ATCC11303, & th#+¢l Enterobacter
cloclacae KCTC2361, Klebsiella pneumoniae KCTC2241,
Citrobacter freundii KCTC2359, @] IS4
Acinetobacter calcoaceaticus KCTC23578 FAI#F2 3o
35°Coll A wi st APl o] &stnh MAE AHLAE S
53] Yeast Trypton Sodium chloride(YTS), Eosine Methy-
lene Blue Agar(EMB) 2 Violet Red Bile Agar(VRB)<] 3
Zo g2 APsIYA(Atlas, 2004), o5 HIAIES M FEst]
HTHLRE Eco MIAE NSt TN A= %
410 nm¢t 600 nmell A FFE=E S5, old OD37
< UV-Vidbhle spectrophotometer(UV-3300, Humas, Korea)
2, 32 FFEA7I(DyNA Quant 200, Amersham, USA)
£ ol &3ty st th(Park et a., 1995).

22. AAPIE M= & HE ZTAL

MEd Eco viAlol LFFHS] ONPGSF MUGE #H71she
A AATES AZSAT AATIEE HiAE 5202
(Freezon 4.5, Labconco, USA)&te] A =& om ZEtAE

ol go} 7|Es}t sttt ol F7tE+= ONPGE MUGE
SR} AP Zol w9 AFE FHFEIAY] Wil EelA
= Z &HA, 7EY TR FAIFTE 35°CoA 18
AIZE et F Hy AR Aol dAF R 545t
S AT TS 93719 E AIRE o83t A
Wy ES ZAXAFHA Colilert 71ESY] A A} Eco
BRI NA W Fs F59 MPNTG Zaujgdos F A

A HAPIES| SEAIRE(Colilert 7| E)zto

AN =SS EASE| K| FM253 H[3E, 2009

/e Ecolxol ONPGY} MUGE H7tste] tigoz
JIEE AzsILh 18 Az A AZFE 71F < 30 kg
o WA 2 AAIEE AxstL, o] J1EE AU thgFst
A FHg 350708 & AIRE AHESte FFAIEHQ Coli-
lert 71E9t v WAIE S TPt AdE 7ES} FHA
M) Colilert 71EE o|&3a] AAE &= g3ad =
g 2% ds Hudgdes AA8H  agreements}
sensitivity 18] 3 specificitys %2 T3t th olw] Agree
ment= Colilert9} $Y35HA SEEE AXEE 9v)sH,
MNard 7|ES} Colilet 71E7F 2% FAQA A|54E2 az,
AEd NEE FPolA T Colilet 1EE SAQ AEFS
bz, MEH 71EE 4ol Coilet 71EE F4A Al
EFE cE, AEE J1ES Cdilet 71E7F 25 S491 A
EFE d2 EAT 4, Agreement= (a+rd)/(arb+c+d)* 100
© 2, Senstivitys al(atc)*1002.8, Specificity= d/(b+d)*
10022 Al4tetsith

=

3. Zut H IH

3.1. BHX] MH

g v el gt oz AMgEE YTS, EMB 2 VRB
Hj Ao 2 g F<Q B. subtilis ATCC168% a9l E.
coli ATCC11303¢} ¥ t°d#+<2l E. cloclacae KCTC2361,
K. pneumoniae KCTC2241, Citrobacter freundii KCTC2359
a8x aESAAF A calcoaceaticus KCTC23578 A
Tkl 35x2°CollA 18A1ZFE<SH g AF, 3TF A
BERoA g & g wol & JEste g &
9l & 4 Utk 283 ONPG 2 MUGSHY] weAd S &
Q157 98t tiE#< E. coli ATCC11303¢+ & W&+
¢l E. cloclacae KCTC2361, K. pneumoniae KCTC2241,
C. freundii KCTC23595 35°CollA] ®igsh &, wjke
(ODio~12)S e A7 2AEF dAHSZ 104, 100
i, 1,0008] 10,0008 S|A st A9 Fg WHSAIFIL Hl
Al ONPG ©=, MUG ©%, 183 ONPGY MUGER
9 3FF AkS AV F 18 A7t WS A3, A
&o @2} ODa°l 43 EobAaL = E o] Fojz|
£ AL gl a8y VRB % EMBHIA M A= #1A]
o e e Mi JE dEd FAFo] vad g2
108 SN FAAE FHoRE FHOl o)L, EMB
WA B ALE AASE 2¢ FdFS sFFHe=E 4
F 9AE + ¢l EMB WX dEdd 2 F WA E
AAe] AT ez was ek 2 whd crystal violet
3} neutral red7} AAE VRB WA Y AL 2FEHTFY
FEFE A wA gop MAE AAT VRBHAE A
I F 34T AE XE S A2 fdEdAn.
webx] VRB HiA A Mg A ASA, 45 JES J7L
z4sto], ¥M¥E VRBWAQ Eco WiAE NSttt
A7 49 VRB wW{AE Argste] 18A17F wiFE FH-
10u] S s FHe] ODmogkel 0.3~0.7 BE=H 2, Eco
iz o] A9 < 0.7-1.0& YERH ], Colilet-18& ] &3S



o) (Fricker et a., 1997)¢] ZA3et U3 Z24E Yepd & A

g1t %
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< A 1074 A5k, MUG 2 ONPG7} H71 B@HsH(Fig. 1(b)), ©1 el A AAIE A|5EE Fof At

YTSH] R ¢} Ecovl Aol HE & Zul 24413t 74A] vl &3k £ F JEF ATk 71EY FAHF ol &EL wlX

™A ODyo?t ODsoS Z83MHth 1 A3 12413F v gt A7 Al 2FE AEY XY HE&E V|EeE ZgiH

A% Ecodl AL tde] 10V, 2UgFEL 10714 ol 100 mLe] B X85 Yi &5 &dsiL, 35°Ce
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> rr
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2 YTSHIA = digdwe] 10° ZU3F2L 109714 A 24N B W T kA wka () ZF)ol 365
A WA A §o)5HH T 24X7F WY Tl = Eco: tE nmel ZMS Ao ZAMFES W FF(ZH)ol UE
43 & PFEE ZF 107, YTSE 2% 10714 843 UEe Ag §¢oz #qlse %P%‘si ZAgstach. A

A oA frelste] YTSHiA] Btk Eco wWix]7} ol& A+ ANE FY 3 ug A JE, & FFRo] FHow w

SAE YA 94T A4S IAT + AANTae D, UE AR U §4 9UE AR Tew ddEel HO
2 wEd ARe o2 Fg 20 JeRIITE

32. 71E M= Nid 71E9 vheAE 187 HAstd FAIHEFE Wl

EcoMl o] MUGS ONPGE #7147 & ok 5A|7F Eo Fste] Hd Ay 94 10-10PM 2 FAF A 5S

ok 244 ONPG$ MUGZF 3719 7 71Ed] 100 mL¥ FQ st
=59 &A1zl F 35°CellA] 24A13HE <t w5 ODen
& @5k, WG A e F3= F¥ZAE Fg 3

s 3
T8 &7, o] Ae FEART]
7 52 el

Table 1. Absorbance measured after 12 and 21 hours incubation for Eco and YTS media

Media E. coli Total coliforms
Dilution 410 nm 600 nm Dilution 410 nm 600 nm

Rate 12hrs 21hrs 12hrs 21hrs Rate 12hrs 21hrs 12hrs 21hrs
10° 3.024 3.012 2.955 2.823 10° 2.48 3.012 2478 2.823
10" 3.024 3313 2.83 2.948 10™ 2.07 2.836 2.201 2.726

Eco 0™ 2.003 2.711 1.969 2.647 0™ 0.216 2.836 0.138 2.384
10" 0.555 0.058 0472 0.045 10 0.101 0.083 0.058 0.055
10" 0.046 0.069 0.031 0.046 10" 0.074 0.07 0.049 0.048
10™ 0.043 0.064 0.03 0.045 10™ 0.067 0.073 0.053 0.049
10" 0.03 0.055 0.022 0.037 10" 0.048 0.06 0.033 0.044
10° 1677 3321 0.969 2.952 10° 0.851 332 0.521 2.952
10" 0.222 3321 0.151 3.128 10" 0.32 3321 0.172 3.128
0™ 0.009 0.018 0.012 0.008 0™ 0.006 0 0.001 0

YTS 10" 0.003 0.002 0.01 0 10 0.009 0.002 0.002 0
10" 0.013 0.293 0.007 0.241 10" 0.91 0 0.978 0
10™ 0.003 0.009 0.004 0.005 10™ 0.009 0.003 0 0
10" 0.012 0.005 0.004 0 10" 0 0 0 0

@ (b)
Fig. 1. Photography of the developed kit and freeze dried medium. (a) freeze dried medium, (b) developed kit
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Fig. 2. Photography of the developed kit. (a) before incubation, (b) total coliforms positive after incubation, (c) total
coliforms negative after incubation, (d) E. coli positive after incubation.
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Fig. 3. Absorbance (600 nm) of E. coli by incubation time.
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Fig. 4. Absorbance (600 nm) of total coliforms by incubation
time.
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1 ol3te] FAujgdMe BF = 2 G FA
o2 #EHAT aYx A FECM 10%E A"
AEY S 1571 gl =
i, 10°2 NE Fee 1A Wgstd = fo%
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Fig. 5. Sengtivity of the developed and Colilert kit by spec-
trophotometer (ODe).
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SAUMYHE 0|8 tiF

Hjgrol ME MPNYHoZ AT E gt Z¥(Table 2),
PgFe 109 XA 87 1600 MPN/100 mL, 10™w)
S A B 300 MPN/100 mL, 10™%4]= 22 MPN/100 mL,
10%8 = 2 MPN/100 mLolQlal, BoujPyS 1067}
200 CFU/100 mLE A+t 2FE YT A3 S
E3to] CFUSH ODmogk?te] 4@#AE Faia Bz A4
AL ANSATHFg 6). 1 BF gAY dgEH F
g S defined substrate 3% (Edberg et al., 1988; Ed

Table 2. Quantitative results of total coliforms obtained by
various methods

E. coli
- MPN method
Dilution Combination of positive | MPN / Plate colony. count
rate (CFU / 100 mL)
(Volume 10, 1, 0.1 mL) | 100 mL
10° 5-5-5 > 1600 2260
10™ 5-5-4 1600 200
0™ 5-5-1 300 0
10™ 4-2-0 22 0
10" 2-0-0 4 0
Total coliforms
- MPN method
Dilution Combination of positive | MPN / Plate colony. count
rate (CFU / 100 mL)
(Volume 10, 1, 0.1 mL) | 100 mL
10° 5-5-5 > 1600 1800
10™ 5-5-4 1600 100
0™ 4-1-1 21 0
10™ 4-0-0 13 0
10" 0-0-0 2 0

CFU/mI

4.00E+06
3.50E+06
3.00E+06
2.50E+06 -
CFU/M00mI  2.00E+06
1.50E+06
1.00E+06 -
5.00E+05 - *
0.00E+00 T T T T
0 0.05 0.1 0.15 0.2 0.25

y=1E+07x+282311
R?=0.9596

OD410nm
OD410nm VS CFU
4 50E+07
4.00E+07
3.50E+07 y=7E+07x-1E+06
3.00E+07 R2=0.9914
2.50E+07 -
CFU100m! 5 bo407 -
1.50E+07 -
1.00E+07 -
5.00E+06 -
0.00E+00 T T T T T
0 0.1 0.2 0.3 0.4 0.5 0.6

OD410nm
(b)
Fig. 6. Standard curve from absorbance (410 nm) vaue
versus colony forming unit using type strains. (a)
total coliforms, (b) E. coli
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d Zdet dA S, Eco WA & AEE <
Aoz F

is}

T WBLY & ARE ZEAIEEL MPNEY
agar®} LB(Luria Broth)el A & o] &3t FHAuFHoZ #&
25t 2 Aol AdE Eco MiX|ANA #& vl gt
H| 253 tHTable 3). o]l Eco ¥iAoA 9 & had+ A
&2 35°CoA 11IAIHS wiger & 3 Je s &47] 4

o

3 410 nmellA FBEE 54853, 5EF ODumok
Fig. 6olA Alttd &F Aol dddstd 2714 E F
Fotdnh 1 23 FAIEHY 4 Yo d2 AT
7z el web 2A Zolk uA HlaLsty] of gl
T Eco WiAZ geld z7] #o 3HANFHeE 9l
Trote] FuaAdle vud 42 AoR yeygt. wEA
EE YL ol &T #FE ¥R FAste AL o¥EA
% ODmoft s F4st] dAFE FEatH A8 A
T B AS52 vt 7bsd LR dddEn.

a2 Eco Wi Aol ONPGE H7lste] Wit &

T BAAANANE AA 9370 A8 F Eco XA 677K,
MPNo] 6671, Top agar’t 697, LBulA|7} 767171 4o
2 AEHA IFAAEHA AY AR ZFHE HERIY
o WA membrane filtration WHS o]&3le] Colilerts}
FI4& &7 A (Eckner, 1998; Pope et d., 2003)3 A
9 FYH & uiXe gAY FE4AA w Fast
A ol&d & e AeE AT

3.4. Colilert 7| E2}2e| MAMA|E H|W
ZAAAWNY Colilet 71EQF & 7|E 25 "R E &7

¢

=
o
ST MY F SPom wd wao] BeHy F
ARE F4, 365 nme) Ael4
W ogE oz s

2 ¥FskA glon wixe M @2 mHmoz Z Zolr}
AL = &= A FAHPY 3P, 18 F
BEY WA FFE oF 2 go 2 HRIAT AATHE
Z22g "o A8 100 mLE FUst wixE &A1
T 35°CY] g7l A 24X 7HEF Wl FA T AR Y

ol

=

Mdd 71E9 /94 HAAE 99 Alge 93IAE, F
AlEFE v gt AxS AR, B4 FFF, TXE Y
£ AE AE T UIA Svstd, & 42 S
35070, g A 250709 A EE FHsdch A9 2
T T AT FHeE WEA AR =T @Yo A
2 HlRst] By FHol & Aol7b (A, it FH
Algo A AL S ZAEIEE | UEdE 8% 8o
2 Hol o7t gtk & 3507 A1E F AdE 7)1 Ee]
A 155707F FAH o2 Colilet 71EE 153707 & AFF T
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Table 3. Results for total coliforms test by various methods

Fgoz WEEI(Table 4), = Hg# 25 A 71E
2 Colilet 71E7F SY3HA 2507 A& 5 64707F S
2 g Eo(Table 5), /A2 71E7} Colilert-18& o] &3
Z3}H(Chao et a., 2004) Bt ¢3S I 2
A AFE 0] &3l agreement$} sendtivity Iz 31 spe-
cificityS geldt 23, 3 F& EF 975% o9 A=
g 2o 2 AgeA e 71EE Colilet 71E9 5
F B5L AT Y Aoz FAFYTh

Table 4. Congruity of the developed and Colilert kit for
tota coliforms

Calculated Plate countc)
Sample| OD total MPN?
No. | 410” | coliformsa)” | (100 mL) (CES%SSTLL) (CFU/Lll;OmL)
(100 mL)
1| 2.914 22749] >1600 20300 16000
2| 0.066 406 8 5300 0
3| 0.079 508 13 1600 670
4/ 0.268 1990 900 5800 13370
5| 2.613 20387 >1600 30000 46900
6| 0.436 3308 =>1600 2000 6770
7| 0.182 1316] >1600 3500 7300
8| 2.914 22749 >1600 40000 >3000
9| 0.433 3285 900 3800 10570
12| 0.283 2108 300 2000 5800
13| 2.537 19791 =>1600 10500 30630
14| 0.100 672 130 200 670
15| 0.344 2587 240 1500 2470
16| 0.496 3779] >1600 8200 17200
19| 0.343 2579 900 3000 5030
20| 1.782 13868 >1600 21600 15870
21| 0.344 2587 1600 8100 4330
22| 2.862 22341 <2 17500 23430
23| 0.350 2634 <2 6700 9670
24| 0.927 7160 <2 58600 27830
25| 2.862 22341 <2 >1000 73970
27| 0.173 1245 900 2200 2933
46| 0.082 531 2 21200 35733
64| 0.061 366 13 41100 43067
66| 0.117 806 0 0 133
67| 0.226 1661 0 200 2267
68| 0.238 1755 0 100 33
69| 0.141 994 0 0 0
70| 0.157 1120 0 100 0
71| 0.223 1637 0 0 4600
72| 0.165 1182 0 0 33
73| 0.124 861 0 300 733
74| 0.155 1104 0 0 0
75| 0.217 1590 0 0 133
76| 0.178 1284 0 2000 233
77) 0.129 900 0 1000 167
78| 0.229 1684 2 900 100
79| 0.202 1473 0 400 567
80| 0.162 1159 0 4200 267
81| 2.761 21548 23 700 5467
82| 0.430 3261 30 0 2833
83| 0.304 2273 0 100 4900
84| 2.874 22435 >1600 > 200000 >500000
85| 2.874 22435 >1600 > 350000 >500000
86| 2.874 22435 >1600 >500000 >500000
87| 0.651 4995 4 >500000 >500000
91| 2.874 22435  >1600 0 >500000
92| 1.476 11467 2 35500 > 366600
93| 0.531 4054 0 0 > 350000

3 Calculated by using standard curve
® After 11 hours incubation at 37°C
° After 24 hours incubation at 37°C

AN =SS EASE| K| FM253 H[3E, 2009

. Colilert kit
Tota coliforms — -
Positive Negative
Positive 153 (a 2 (b
Developed kit - @ (®)
Negative 4 (c) 191 (d)
Agreement(%)” 98.3
Sensitivity(%) 975
Specificity(%) 99.0
) (a+d)/(atb+c+d)* 100
")+ al(atc)*100
1 di(b+d)*100

Table 5. Congruity of the developed and Colilert kit for E.

coli
) Colilert kit
E. coli — -
Positive Negative
Positive 64 (a 0 (b
Developed kit - @ ©)
Negative 0 (c) 186 (d)
Agreement(%)” 100
Sensitivity(%) 100
Specificity(%) 100
1 (atd)/(atbrctd)* 100
")+ al(a+c)*100
1 di(b+d)*100

4 2 B

Violet Red Bile (VRB)WIAIE HEAIA g4+ € 5 o
Bads A& AT & U Eco HWAE JHLEtA
3, FA|#FQ E. coli ATCC11303, Enterobacter cloacae
KCTC2361, Klebsiella pneumoniae KCTC2241%} Citrobac-
ter freundii KCTC23598 HES F ODamolA Y EFE o
AeE FHAh & F 9BFY ARER I =9 EA
ste FUdET TE /ML Eco WX ¢ EFAAME
g4 (most probable number, MPN)H 3} HaujgHoz 7
Atsted Wl A ODpo#tg FFstd FHST Yo
T #AFS AY {FARIAL, Eco HiAYl ONPGS:
MUGE H7lste ol AEEY dddd & 4TS
BAAFS 23, Yy 31 AIEEQ Colilet 71E
¢ 59 ZIVF ASS AT B0 EAEE
o] &3 Colilet 71ESHS] HuAdPFAAN Add JE=
agreement, sensitivity 18] 31 specificity”} =5 97.5%0]4
oz ZANGEYY Colilet 71EQ 55 o149 5L
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7RI gl 2 AFelA MEE wixE s g3
9 BE 2 BT AA /K83 AMRE F S AL
2 AsdEd
AL AL
2 dAFEe FEFY AN SE 7 & EA (Eco-
technopia 21 project)* 22 x| w2 FA YY)
E 28
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