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Three commercially available kits that were supplemented with substrates for emzyme reactions werc
evaluated to determine their abilities to detect coliforms and fecal coliforms in foods. Japanese and U.B. Food
and Drug Administration standard methods, as well as fweo agar plate methods, were compared with the three
commercial kits. A total of 50 food samples from various retailers were examined. The levels of detection of
eoliforms were high with the commercial kits (78 to 98%) compared with the levels of detection with the
standard methods (80 to 83%) and the agar plate methods (56 to 83%). Among the kits tested, the Colilent kit
had highest level of recovery of coliforms: (98%), and the level of recovery of Escherichia coli as determined by
B-glucaronidase activity with the Colilert kit (83%) was comparable to the level of recovery obtained by the ULS,
food and Drog Administration method (87%). Isolation of E. coli on the basis of the B-glucuronidase enzyme
reaction was found to be good. Levine’s eosine methylene blue agar, which has been widely ysed in various
faboratories to isolate E. coli, was compared with 4-methylumbelliferyi-8-p-glucoronide (MUG)-supplemented
agar for isclation of E. coli. Only 47% of the E. coli was detecied when eosine methylene blue agar was vsed:
however, when violet red bile (VRB)-MUG agar was used, the £. coli detection rate was twice as high. Of the
200 E. eoli strains isolated, only 2 were found te be MUG negative, and the gene responsible for B-glucuren-
idase activity (uidd gene) was detected by the PCR method in these 2 strains, Of the 90 false-positive strains
isolated that exhibited various E. coli characteristic features, only 2 non-E. coli strains hydrolyzed MUG and
produced floorescent substrate in VRBE-MUG agar, However, the PCR did not amplify sidd gene producis in

these VREB-MUG fluorescence-positive siraius,

In 1990, a coliform rule to detect coliforms and Escherichia
coli with fluorogenic substrates was promulgated in the United
States (10}, and this method was subseguently adopted by the
Japanese government for drinking water. In this new proce-
dure, two active substrates, o-nitrophenyl-B-p-galactopyrano-
side {ONPG) and 4emethylumbellifervi-p-n-glucuronide
{ MUG} are combined to a(muétammxly detect toial coliforms
and E. coli. Total coliforms produce the enzyme B-galactosidase,
which hvdrolyvzes ONPG and releases a-nitrophcml, which pro-
duces a vellow color. E. coli produces the enzyme B-glucuroni-
dase, which hydrolyzes MUG to form a fluorescent compound.
This simple and rapid detection method was developed for
detecting coliforms mrface water (3, 5, 6, 28), drinking water

{8, 30, 31) marine water (27), marine snow (20}, wastewaler
tl%} Lecas material (31), ané food (23, 28). Production of
Beglucuronidase was observed in about 97% of the E. coli
strains examined {18). In the family Emerobacrerisceae, the
only other microbes that reportedly are able to produce B-gluc-
uronidase are some Salmonella spp. (13, 19), some Shigellz spp.
(13, 18), and some Yersimia spp. (33). In addition to these
organisms, some Staphvlococous species are also able to hydro-
lyzc MUG (22).

Following the success of the technology described above (U}
and because the assay is rapid and seasilive, many companics
have produced chromogenic-flucrogenic substrate systems for
ernumerating coliforms and fecal coliforms; these systems in-
clude the Colilert system (Environetics, Branford, Conn.), the
lauryl sulfate trvptose (LST)-MUG system (Hach, Loveland,
Colo.), the Colitrack-plus system (BioControl Systems, Both-
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1, Wash.), the LMX broth system (Merck, Darmstadt, Ger-
mmy) and the Promedia system (Elmex, Tokyo, Japan). Many
of these systems are based on LST enrichment followed by
fluorogenic evaluation; one exception is the Colilert system, in
which miniroal medivm 5 wsed to promote bacterial growth.
Some workers have documented the use ::::f the LET-MUG
method for detecting E. coli in foads (13, 22, 32, 33) and the
use of LMY broth with soft cheeses (i{’)t 20}. A collaborative
study has been carried out to determine the applicability of the
fluorogenic assay for detection of E. coli detection in chilled
and frozen foods {23). Although Moberg et al. (23) obtained
some false-positive results, ithas been reécommended that the
LET-MUG procedure should replace the US. Food and Drug
Administration. (USFDA) methed for screening meat and
meat products for the presence of . coll

This study was undertaken to compare three commercial
preparations of fluorogenic substrate-based detection media
(Colilert, LST-MUG, and Colitrack-plus) with USFDA (14)
and Japanese standard methods {15) for detecting fotal coli-
forms and E. coli in foods. This study was also designed 1o
produce data on the suitability of the MUG-based products for
detecting E, coli in raw and processed foods of various kinds.
In addition, MUG-supplemented agar was compared with
eosine methylene blue {EMB) agar for presumptive isclation
of E. coli.

MATERIALS AND METHODS

Stock cultures and media. The microorganisms nsed In this smdy were B colf
ATCC 25922, and Klebsielln prewmenias TFO 13833, All ¢ 4
grown in Trypticase soy broth {Biken Co., Tokyo, Japan) at 357°C for 24 & baf
they were used. The overnight cultures were serially diluted o sterile phosphate-
buffered saline {PBS) water.

Foud samples, A total of 50 food sarmples were obtained fronn retail establish-
ments. These samples represcsted the folowing products: finfish (13 samples),
shellfish (¢ samplesy, meat snd meat products (38 samples), vegetables (12
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FIG. 1. Various protocols used 10 detect coliformes and fecal coliforms or B
coli. MMO-MUG, ONPG-MUG minimal medium.

sarnples), and other foods (3 samples). All of the samples were it
transported 16 the baratery in an wbﬂx and the backerialogical analy
initiated withic 2 to'3 h of purchase. A 25-g analytical vnit of each food was
homogenized for 1 min with a hemogenizer (mﬂfipl SH-001; Elmex) along with
225 mil of sterile FBS, and then serial 10-fold diltstions were prepared with sterile
PBS.

Comparison of varions miethods for detecting total coliforms and fecal coli-
forms, Two internationally wsed standard cdu ms {tm Iapanc% p’owd‘u’e
and the USFDA procedure) ; ]
agar methods were used
samples daring April 1954 threugh March 1995, and tne resuits ahn inei were
compared. Flgure 1 shows the promools of the provedures nsed in this study.
Prepuared LET broth, brilliant green lactose bile (BGLE) broth, spd E (B
broth were used whei and where NECEssAry; these. media were obtained from
Central Kagaku Corp., Tokyo, Jagan. A thres-dube, three-dilation, most-proba-
ble-number (MPN method was used for the Tepanese standard, USFDA, Co-
lilert, TET-MUG, and Colitrack-plus tests. Double-sirength media were used
when necessary,

{i) Jap t d method. Three dilutions of food homogenate (10, 1
0.1 mi) were morujated fnto Sanl portions of BGLB broth, and the preparations
were incuibated at 35°C for 48 b Gas-positive BOLB broth tubes were considered
zw: f«:)r the pri: Horms, mu a p(}mm ct tm omparaum in gach
5 f‘ All

il

g ) u,ptw» E. coli
cologies were picked from each prep , purified, and 1civntmed {sen below),

(i} USFDA method. Three diflutions of food homogenate (10, 1, and 0.1 ml.
were noculated into LET broth, aid the preparations were im,ul" dh.d at 35°C for
24 b (14 All growth-positive LST brotls tubes were subjected 1o further analyses
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with BGLB broth, BC broth, EMB agsr, and VRB-MUG agar as deseribed
above.

ity Calilert method, Bach Colilert kit contains two active substrates, ONPG
and MUG, w simultaneously defect total coliforms and B, colf, respectively.
Three dilntions of 10 ml of a food homogenate were inocenlated into three
ONPG-MUG minjmal medivm (Colilert) (Aska Diagaostics, Tnc., Tokyo, Japan’y
rubes that contalned concentrated powder of th_ Chre nxﬂuguuc,-ﬂm*w» i stib-
stratesupplemented media, and the preparations were incubated at 35°C for
24 1. The contents of the tubes that fluoresced wers streaked cnto EME agar and
ar, and presumptive £ coll colonies were purified and identified
or fram transparent o yellow was considered a positive reaction
for the presence of coliforms, and bluish fuorescence vnder 365-nm UV Light
was considered & positive reaction for the presence of E. cofi, and the MIFN was
recorded.

{iv) LET-MUG moikod. Three dilutions of 10 ml of & food homogenate were
inoenlated ino three LET-MUG wbes (Central Kagaky), and the preparations
wire jncnbated at 35°C for 48 b Hach LST-MUG kit contains LET broth
supplemented with MUG, In which total coliforms feroent lactoge and produce
gas within 48 h. £ ol w sted by the B-gluceronidase reaction after 24 h
s deseribed above for the Colllert method, and the MPN was recorded.

{v) Colitrack-plus method. B solitrack-phus kit {Gunze Sangve, Ine., To-
kyo, Japan) contains nine wells so that three sets of three diluntions of 14nl
samples can be inoculated. Each inocolated kit was incubuled at 35°C for 24 b
The presence of gas bubbles. in: the viewing dome alter 48 b of incubation
i & test was presumptively positive for colifornms. E. coff results were
determined after 24 h of mcubation by detérmining whether finorescence was
present in the chambers.

(viy HGME YRE-MUG agnar method. Bamples (10 ml) of food hommgcna'e
were filtered through hydrophobic grid membrane ﬁlte:r {HGME) units -yore
sire, .45 prm; Gunre Szngyo), aod the HGMF filiers were placed
agar and imsxh;ﬁ!est for 48 h at SS“C Reddiﬂh pirk coinnigs

fmtes LC bmm and gas ;:rmuiuut)(m At 44, S“Ca'riez 24 holine t

(vil} Desoxycholate sgar hod. Desozycholate agar (Wissu
vsed to count solifors £
were incubated 4t 35°C for 24 hi Bed colomies were vonsidered coliform colonies,
and typicalJarge, dark red colonles were translerred fnto BC bioth and incubated
at 44.5°C to confirm that they were B ooli colonies.

_ Determination of fiuorescence in MUG-hased kits. Foods that exhibited anio-
caeence ander 365 0m UV light before incubation were centrifuged at 9,000
y Vi at 4°C, and the resulting precipitates were rusmp.ndad 1 sterile
PBS before they were anpdyzed. In thes analysls tbes fnoculated with E,
CFU/ml) were (sed a8 pesitive conlrols { analyzed by the Cofflert and LET:
xmthods} and fupreseence e shat was as great as the flucrescence 1
sity of thie comtrols after 24 h of acubation at 35°0 was copsidered a posi
resuls.

Isolation of E. coli. Initia

iy, BME agar plates were used to solate I colf from
food samples 1 to 29, along with VRBE-MUG agar. In addition to colonies with
a green metallic sheen, colonies with violet centers and violet coloaies were also
picked from the BMB agar plarés and purified on yplo-say agar {Eiken) plates
before they were identified. As the rate of . cofi isolafion i FMH aghr was very
fow, £, coll isolation was carried out on VRB-MUG agar plates for subsequent
food samples (samples 30 to 50) Colonies op VEB-MUG agar plates that
exhibited fluorescence at 365 nm. were picked and purified before they were
identified.

Tdentification of &, zoli. All of the strains isclated were sxamined Lo determine
their characteristios on BEMB agar, whether they produced gas ar 44.5°C |
faeditnn, and whether they exhibited Bghu wronidase tv. B-Glucuronidase
activity was ¢hecked by using Bactident . coli (Merek) as recommended by lh‘.
manufactorer. Biocherical chamuum of the bacterial isolates were deter-
mined by using the EB-20 system (Missit] and the Biolog identification sysiem

{Binlog, Hayward Calilly as recommendod by the ma‘xufac.lme (35}
PCR assays. B coll strains were grown on bryplo-5oy agar plates munig it at
?7(( » bacterial cells in a well-iselated colony were resuspended ln sierile

10 4 congentration of 107 CFU/ul and used as & DNA template. Gligonu-
clentide prisners based on previowsly published muclentide sequesice data for
widA genes {2) wens synthesized with an spparatus (Beckman Instruments, Toe.,
Fullerton, C as recammended by the manufacturer,

Bacterial DINA was amplified by vsing 100wl yolumes. A 10-ul portion of &
10°-CFU/ml bactesizl suspension prepared in sterile PBS was added to a PC R
mixture contiining 2o 4 mM Mg ¥ Trie-HCHpH 83, S0mM ECL 0.2
mbd dATP, 0.2 mM dGTE, 0.2 mM JCTP, 02 M JTTP, each primer at »
u)mmtm mn ef J u\A and 2.5 U of Y?wmaw aqm:ﬂ:wﬂv (.zm) f)Nf‘x {vohme‘asg
Aanpli :
by i :
i final axmm;on step at feA

fur 7 i, Im irwmx* SN A a;npi !
aliguots of each PUR mixture were analyred by mbmar:m pelelect mphnrew« on
3% agarose ieve) gels. The samplew were glectrophoresed for 50-min at 100
Voand then stained with ethidive bromide for 15 min, slained bands were
visnalized by UV traosilfomination and photogranhed. Molecular
#1-bp ladder; Gibeo-BRL) were inchaded in euch gel.




2238 VENKATESWARAN ET AL

AprpeL, BENVIRON. MICROBIOL.

TABLE 1. Comparison of various methods for detecting food-borne coliforms, fecal coliforms, and E. coli

Mo. (% of saraples positive for®:

No. of food samples from which E. coli was isolated in the following categories”

Method

Coliforms Feeal coliforms Finfish Shelifish Meal and tneat Vegetables COthers

{n o= 50 (n = 50) (n = 13) (rn=4) produocts (n = 18) {n=12) n =13
Japanese standard 32 (80n 12(52.2) i} 4 8 3 0
USFDA 33 (82.5) 20{87.0) Z 0 12 & U
Colilert 39 (97.5) 19 (82.6) 1 1 i3 3 0
LET-MUG 37 (92.5) 15 {65.2) 2 1 g 1 {
Colitrack-plas 31(77.5} 12522 0 1 o Z 0
HOMFE VRE-MUG 33 (82.5) & (34.8) G G 3 1 0
Desoxycholate agar 22{55.0% € {26.1) 0 G & 5 {}

¢ The aurnbers of coliform and fecal coliform samples positive for cofiforms, fecat eoliforms, o

r B codl were 40 and 23, respectuvely.

* The mumbers of finfish, shellfish, meat and meat product, vegetable, and other samples positive for coliforms, fecul coliforms, o1 B coll were 3, 1, 13,6, and ¢,

respectively

RESULTS

Comparison of various methods for isolating coliforms and
fecal coliforms. The resvlis obtained with various methods for
detecting coliforms and fecal coliforms are shown in Table 1.
Of the 50 food samples tested, 40 contained coliforms and 23
harbored fecal coldforms. For eoliform detection, two commer-
cial kits, the Colfert and LET-MUG kits, performed well (lov-
els of detection, more than 90%) compared with both the
Japanese standard method (level of detection, 80%) and the
USFDA method {level of defection, 82.5%). One of the agar
plate methods, the desoxycholate agar method {level of detec-
tion, 55%), was found to be hanmtul for some coliforms come
pared with VRB-MUG agar method (level of detection,
82.5%). The incldence of E. coli in the 50 food samples that
were analyzed by all seven method is also shown in Table 1. Of
the 50 samples tested, 23 were found 1o hatbor E. coll, 72% of
the meat and meat product samples were vontaminated, and
55% of the vegetable samples were contaminated, Two finfish
samples and one shellfish samgple alsocontained this organism.
Idemification of the presumptively positive E. coff strains
showed that the Colilert test detected the organism in all 13
meat and meat product samples that harbored E. coli. The
USFDA test failed to detect E. coll in one meat sample. Sim-
ilarly, the Japanese standard, LET-MUG, and Celitrack-plus
methods detected E. coli in 62 to 69% of the samples when
meat and meat products were tested. Four samples that were
E. coli negative as determined by the Colilert test but positive
as determined by the USFDA method had an E coll MPN
range of 1 to 7 CFU/g. Three of the four Colilert E. coli-
negative samples detected by the USFDA method were vege-
table samples. The chromogenic-fluorogenic system did not
perform well when it was used to detect F. coli in vegetables;
however, this organism was detected by the USFDA method in
all samples. £, coli that was solated from a shrimp (Black
Tiger) was correctly identified by all three fluorogenic sub-
strate-based methods used, but £, coli was not isolated by the
USFDA method.

Isolation of E. coli, Isolation and recovery of E. coli were
checked by wsing EMB agar and MUG-supplemented VREB
agar {Fig. 2). Initially, EMB agar and VRB-MUG agar were
used to isolate £ coli from 29 food samples. Althiough colonies
that had a metallic sheen, violet coloration, or viclet cenler
coloration were picked from EMB agar and identified, E. coli
could be detected in 44% of the presumptive fecal coliform-
positive tubes, £, coli was isolated from EMDB agar when the
fecal coliform concentration was >9 CEFU/g (44% of the sam-
ples), whereas mast K. coli-negative samples on EMB agar
comtained <8 CFU of fecal coliforms per g (56% of the sam-

ples); the exceptions were food sample 25 (from fried garlic
chicken: 1.5 x 10" CFU/g) and food sample 28 {from boiled
pumpkin; 4.3 x 10" CFU/g). Only the foliowing three food
samples (Fig, 2) contained K. ¢oli when EMB agar was used:
{food samples 1 (from chicken meat}, 21 (from boiled chicken
meat and egg bolled with vegetable and fish paste), and 23
{(from hackberry-grown mushroom and spinach salad). Fecal
coliform concentrations of >2.4 % 1 CFU/g were found in
samples 1 and 23, whereas sample 21 contained only 9 CFU/g.
However, £, coli was isolated from all of the fecal coliform-
positive tubes when VRB-MUG agar was used as the isolation
medium.

On the basis of the resulis described above, it could be
concluded that the MUG-supplemented. less selective VRB-
MUG agar was superior to EMB agar. Hence, VRB-MUG
agar was used to isolate E. coli from food samples 30 through
50. The results obtained showed that . coli was isolated from
90% of the 59 fecal coliform-positive tubes when VREB-MUG
was used. Only six tubes that were presamptively positive for
fecal coliforms did not yield E. coli. With I8T-MUG agar
there were two false-positive samples (both from pork meat),
with the Japanese standard method there was one false-posi-
tve sample (from pork), and with the HGME VYRB-MUG
method there were three false-positive samples (two from pork
and one from sweet poiato). E. cofi was detected in all pre-
sumptively fecal coliforme-positive tubes by the Colilert and
USFDRA methods when VRB-MUG was used as the F cofi
Isolation medium,

Characterization of E. coli isolates, Table 2 shows the char-
acteristic features of K cofi strains that were isolated from
EMB agar and VRB-MUG agar. The strains that were isolated
on VRB-MUG agar from samples 1 to 29 were not compared
because at least one isolate from a fecal coliform-positive tube
was positive for E. coli. The isolates that fell mto three cate-
gories, categories 1, IL, and 111, were defined as follows: cate-
gory I strains prodaced typical colonies on EMB agar {green
metallic sheen, violet centers, violet); category Il strains pro-
duced gas from lactose in EC medium at 44.5°C; and category
11T strains exhibited B-glucuronidase activity. Straios that had
these characteristics bul were oot ldentified as £, coll were
considered “false positive” isolates, and straing that did aot
exhibit E. cofi characteristics bat were identified as . coli were
referred 1o as “false negative” isolates. A total of 91 strains that
had the characteristics of all three categories were isolated on
EME agar, and 43 of these strains were identified as E. cof
strains. Only 27.9% of the colonies that exhibited characteris-
tics typical of E. coli on EMB agar were identified as E. coli
colonies, This finding reaffirmed the fact that EMB agar is not
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isolation of E. coll In the medium of:

Methods

Eosin methylene blue agar stresked samples: MuG supptememed vic»iet red bile agar streaked

ElE]e = =] i]l_J_IL_JL_}UEEIl]
B _ B

1} Japanese standard

-

2} UBFDA

3) Colitert

2) LET-HIUG
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&) HGMF VRE-MUG agar C[ :
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numerals bulleates semple number
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E cofi charectsr was obessved in the methods emploved unt the org was fiof lsolated

FIG, 2. Sensitivity of EMB agar and VRB-MUG agar for differential isolation of £. celi from presumnptively positive fecal coliform tubes or colonies.

a suitable substrate for isolating £. coli. A total of 95% of the gas from lactose, and 99% of the strains exbibited p-glucuron-
strains produced gas from lactose at 44.5°C, and all 43 strains idase activity, findings which were consistent with the data

that were identified as E. coli straing had B-glucuronidase ac- obtained for strains isclated on EMB agar. Among the Talse-
tivity, A total of 23% of the fecal coliforms (12 strains) pro- positive isolates (Table 2), 10% of the strains picked from

duced gas at 44.5°C in BC medium, and 11 of these strains  VRB-MUG agar produced gas at 44.5°C in BC mediurs, com-
were identified as K. preumoniae strains (Table 3). pared with 23% of the strains isolated from EMH agar. Fur-

A total of 184 strains thal exhibited at least one of the three  hermare, two strains that were ot identified as E. coli strains
characteristic features mentioned aho_ve weie ‘SGlaulﬁfi from hydrolyzed MUG and produced the fluorescence substrate.
MUG-supplemented VRE dgdf and identified. Of the 157 (e strain was identified as an Escherichia vulneris strain, and
strains that exhibited typical K. coli characteristics on EMB the other strain could not be identified to the genus level.

% w E. col . i : . . - e
ii?éLéé?n;:;;écvjiintt}ﬁ&gaﬁg;{;ﬁasf“;dm;gl[3;&;:;“:&“&?‘;52 These two sirains exhibited only one-fifth of the fluorescence
wolated from EMB agar during t%i s study (27.9%). A total of intensity (as determined with a spectrophotometer at 365 nm)

929 of the strains kolated from VRB-MLUG agar produced that was recorded for type strain E. coli ATCC 25922, Further-

TABLE 2. Specificity of EMB agar and VRB-MUG agar for isolating . coli from foods®

Moo of B coli % of Bl coli

T teolates eotates that . Al Mao. (%) of
Category Characteristic M‘edax‘ﬂm g.sed\ 10 Mo. of solates that )sa.a%s' thut molatﬁs that )ffn\_of .ff’lbfa'  Fadse-positive
isoiate B, colf had had negative isolaies wolatoe
characteristic  characteristic e
I Typical colonies on EMB agar  EMB agar 50 12 28 31 28 (76}
YRB-MUG agar 157 135 86 22 2214
i Gas production in EC medium  EMB agar 53 41 95 2 12 (2%
at 44.5°C
VRE-MUG agas 159 143 81 12 L (1
i B-glucuronidase activity EMB agar 43 43 100 it f
YVIRB-MUG agar 157 155 o4 2 2(D

# A total of 91 strains were iso
these strains were identified as

¥ Percentapes were calculated as
characteristicy = 160,

lated fmm ]ZMB Agat, and 41 of tlw% strains were identified as . colf; 184 siraing were isolated from VEB-MUG agar, and 157 of
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TABLE 3. Species of false-positive isolales that exhibited F. coli characteristic features

MNo. of colonies isolated from BMB agar
that showed:
Taxon

No. of colonies isolated from VRB-MUG agar that showed:

Typical wlonies

Gas production

Typical eolonies Gias production f-glucuronidase

on BEME agar in BC medum on BMB agar in BC medium activity
Citrobacter freundii 1 1
Enterchacter agglomerans 2
Enterchacter amuigenus 1
Enterahacter cloacie 1
Escherichia vidners 1
Hafnia alvei 1
Klebsiella vxytoca 5 4
Klebsielln. ozaenar 1 10 0
Klebsiella: prevrmoniae 12 11 3 4
Kluyvera crvocrescens i
Leclercia adecorboxyviata Z
Rahnella aguarilis 3
Servatia bguefaciens 4
Unidentified b 1 2 6 1

more, the gene responsible for B-glucuronidase activity could
not be detected by the PCR method {2) in these two strains,

Figure 3 shows various biovars of E, coli that were isolated
during this studv. A total of 200 strains of K. coli were char-
acterized, and these strains were divided into five biovar
groups. The group A strains were predominant when all three
categories of K. coli characters were considered (67%), fol-
lowed by the group B strabns (24.5%), and the group C strains
(65%). A total of 1% of the E. coli strains exhibited only
B-glucuronidase activity. Furthermore, cnly two E. ¢oli strains
{1%}) did pot exhibit B-glucuronidase activity on VRB-MUG
agar. If conventional methods had been used to detect E. colf,
the X coli group © and 12 strains (7.5% of the strains) could
have been neglected. Five group A strains, five group B strains,
all group C, [, and E strains and the type strain of B cofi
(ATCOC 25922 were examined for the presence of the uidd
gene, which iz responsible for B-glucuronidase activity, K
preumonine TFC 13833 was included as a negative control, All
of the E. coli strains, including two isolates that did not exhibit
B-glucurnnidase activity, produced a clear band at 147 bp.

The false-positive strains isolated in this study were identi-
fied (Table 3). The K pneumoniae strains produced colonies
with a metallic sheen on EMB agar and produced gas from
lactose at 44.5°C. Production of gas from lactose by this or-
ganism i not uncommon (24). The false-positive straing iso-
fated from VRB-MUG agar flucresced weakly, and only the
colonies fluoresced. These fluorescence-positive strains were
all Klebsiello strains {data not shown}. All false-positive isolates
from VRB-MUG agar were examined by the fest to detect the
widd gene, and no E. codi-specific band was detected by PCR
methads,

DISCUSBION

Detection of coliforms and £, colf by an enzymatic analysis
in which fluorogenic subsirates are used has several advan-
tages. First, only one medium containing two substrates is
required to detect both coliforms and F. cofi, instead of the
three higuid media (LST medium, BGLB broth, and EC broth)
and one solid medivm {VRE agar) required by the conven-
tional method. Moreover, the wotal time needed to accomplish
the analysis is reduced to 24 h, and the confirmation step for £
coli is not necessary, with some exceptions (such as shellfish

sampies). Although B-glucuronidase-negative K. coli strains
are found, only 1% of the E. cofi strains isolated in this study
were MUG negative on MUG-supplemented selective agar.
About 94% of E. coli strains, including the members of many
pathogenic serogroups, produce B-glucuronidase and are pos-
itive as determined by the MUG dssay (13, 17). However, the
exceptions are isolates that belong to enterchemorrhagic Z.
coli serogroup O15T:H7, which are consistently negative as
determined by the MUG assay {11). Althcugh the B coli
OISTHT sirains were not B-glucuoronidase positive, these
straing could be detected by targeting the B-glucuronidase
gene by a molecalar method (wid4). The absence of B-gluc-
uronidase activity in B, coli is not due to a lack of enzyme
induction {12}, but is due fo catabolic repression by lactose (4);
shifting the isolates 1o a lactose-free minimal medium restored
B-glucuronidase activity (12), Two isolates that did not exhibit
B-glucuronidase activity in VRE-MUG agar exhibited 2-gluc-
uronidase activity when they were grown in Bactident E. coll
kits, Lactose was the carbohydrate substrate in VRE-MUG
agar, and this sugar was not present in Bactident E. col kits.

Characteristic fentures of £, Wumber of Percrutans of i
Group eoli that falt under the strains c::;:: i ;:”n ;M
category oft isilated sutaie E

A 678 +
B 4.5 +
C [ %] #
B LU +
E 1.0 +

FIG. 3 Characterization of various blogroups of £ coll and thelr widd gene
exprassion. Isofatgs that fell into categories L. 1T, and TI1 were deflned as follows;
category 1, colories with 2 green metallic sheen produced on BMB agar; category
1L gas produced from lactose in BC medium al 44.5°C; and category I, f-ghue-
urenidase sctivity.
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TABLE 4. Comparison of MUG-supplemented media with USFDA and Jupanese standard methods for detecting E. coli in various foods

Mo, (%) of samples isolated by

Japanese standard

Colilert method

LAT-MUG methed Colitrack-plas method

USPDA test result Mo of strains {9%) method
Positive Negative Positive Megative Positive Megatve Positive Megative
fest iest test test test test test fest
Positive 20 (40 b1 (22 918} 32 4(8) 10 {20y 1020 11(22} 9 :18)
Negative 30 (60) 0 30 {60 41 28 (56) 3(5) 27 (54) 12y 29 (58)

Because of this, it could be concluded that lactose-based kits
may not provide optimal conditions for solation of £, coli.

The lower incidence of coliforms as determined by the Co-
litrack-plus method (level of detection, 77.5%) and the des-
oxycholate method {level of detection, 55%) compared with
other methods {levels of detection, >80%) might have been
due to the limitations of the methods. Only 1 ml of a test
sample could be inoculated in both of these methods, and this
could have led to the lower incidence of coliforms. The MPN
counts of coliforms also supported this finding. The agreement
between the USFDA method and the MUG-based kits for E.
coli detection varied (Table 4). Significant differences were
noticed between the results obtained with the USFDA method
and the results obtained with the other methods vsed to detect
E. coli in food samples. The greatest agreement was found
between the USFDA method (level of detection, 40%) and the
Colilert method (level of detection, 36%). The levels of E. col
detection were 26, 24, and 22% for the LST-MUG, Colitrack-
plus, and Japanese standard methods, respectively. Similatly,
Araujo et al. (1) reported that they underestimated fecal coli-
form counts when they used the Spanish official method com-
pared with the United States standard method for shellfish-
growing waters., There were three samples {from cuttlefish,
shrimp, and {ried chicken) in which the MUG-hased kits wers
positive but the USFDA method was negative for £ coli. In
these cases, the LST-MUG method was positive for all three
samples and the Colilert method izolated £, coli from the
shrimp and fried chicken samples. A possible explanation {or
the absence of £, coll in these samples when they were evalu-
ated by the USFDA method was not found, except that the
samples had low MPN values for E. cofi (<23 CFUjgh In
geaeral, E. eoff could be detected by the fluorogenic methods
in meat and meat products, whereas some problems were en-
countered with vegetable samples. Further study is warranted.
In addition, some finfish and shellfish product samples exhib-
ited autofluorescence when E. coli detection based on a fluo-
rescent substrate was used.

Rippey et al. (32) reporied that LST-MUG agar is not suit-

able for enumerating E. coli in molluscan shelifish and that the
shellfish tissue usell appeared to be B-glocuronidase positive.
For both oysters and hard clams, fluorescence was observed
when as ittle as 0.1g of homogenate was inoculated into LST-
MUG broth afier tubes had been incubated at 35°C for 24 b
This problem was also encountered with all three fuorogenic
assays used, Some of the Bnfish and shellfish products exhib-
ited autofluorescepce under 366-nm UV light during this
study. The dissolved materials of the fish tissue were found to
autofluoresce, and this problem could be solved by centrifuging
the samples before they were inoculated (34a). The shrimp,
tuna fish, and ovster samples tested in the present study also
exhibvited autofluorescence, and centrifugation at 9,000 X gfor
10 min at £°C removed the fluorescing material from the sam-
ples. However, the oyster sample still posed a problem and
needed further study. This problem was solved by using a
Colilert standard tube that was inoculated with 1 CFU of E.
coli per ml and incubating this tube in parallel with the test
material. Sample Buorescence intensily that matched or was
greater than the fluorescence intensity of the E. coli-inoculated
Colilert standard tube was considered a positive reaction for E.
eeli. In addition to the autofluorescence of some foods, the
presence of B-gluceronidase activity in some other bacterial
species (Shigella spp. 134]) should also be considered when the
E. coli population in a given sample is estimated.

The sensitivities of MUG-based kits for detecting E. coli are
shown in Table 5. The namber of E. coli CFU was determined
by identifying colonies from positive plates derived by any
method that were positive for feeal coliforms. It appears that
the USFDA method exhibited the greatest detection sensitivity
{level of detection, 87%), followed by the Colilert method
{level of detection, 78%), the LST-MUG method {level of
detection, 56%), the Colitrack-plus method (Jevel of detection,
52%), and the Japanese standard method (level of detection,
48%), for most ranges of . coli concentrations. When the E.
coli concentration was 1 to 9 CFUWU/g, all of the methods used
had some difficulty in detecting this organism. When the E. coli
concentration was 1 to 9 CFU/g, the Japanese standard

TABLE 3. Sensitivity of MUG-based kits for detecting E. coli in foods and percentages of [alse-negatives when E. coli is present in samples”

Mo, (%) of samples exhibiting negative reaction or MUG reaction with:

L

E. eali conen

(CFU) Tapanese USFDA Coliter: LST-MUG Cobtrack-plis
’ aI;cltl]‘} " method method methed method
1 1 11 {100) 3¢ 5 (45} 5 (46} 8 (73
10° 4 D 0 0 3 (75 2(50)
W 3 D i 0 B 9
o 2 150 0 0 E{50% 9
=107 3 0 o 0 1(33) 103%

£ oy

“ A total of 23 samples contained E. eolf as deternined by at least one of the methods used; 12 (529, 3 (139, 5 (227, 10 (449, and 11 (48%) of these samples
exhibited false-negative results with the Tapanese standard, USFDA, Colilert, LET-MUG, and Colitrack-plus tesis, respectively.
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method did not detect B, coli in all 11 samples. Two sampl es
{from fried garlic chicken and boiled pumpkin) contained 107
CFU of £ coli per g, and the LST-MUG and Colitrack-pius
methods failed o detect this microcrganism in these samples.
One mushroom sample containing more than 2.4 % 10° CFU
of E. coli per g was found, but at this concentration E. colf was
not detected by the LET-MUG and Colitrack-plus methods.
Om the basis of these observations, the Colilert method seems
to be superior to the other two MUG-based methods. Both the
LET-MUG medium and the Colitrack-plus medinm contained
iauryl sulfaie (o suppress the growth of grame-positive bacteria,
and perhaps this inhibited the proliferation of mjured E. colf
cells, if any were present. In addition, catabolic repression of
fluorescence by lactose (4) might also have led 1o the false-
negative results obtained with Ll‘iLkL‘ two methods.

In summmary, our data indicated (hat the MUG assay was
comparable to the USFIXA method for detecting coliforms and
E. coli in foods. The Colilert and USFIDXA method resulis
showed good agreement. Perbaps brilliant green is lethal to
injured B coli cells and a preenrichment step (e.g., lactose
broth or LST broth) would resuscitate the organism in the
Japanese standard method. Catabolic repression by lactose
would bave led (o the false-negative results obtained with the
LST-MUG and Colirrack-plus methods when they were used
to detect E. coli,

Olson et al. {(25) compared the MUG-based £ coliform
assay with the membrane filter fecal coliform assay for treated
drinking water and untreated drinking water and found that
the MUG assay was not cffective in determining the E. coll
counts in treated drinking water. Too many ial%-ﬂegatm re-
sults were obtained with the commescially available kits for
chlorinated drinking water that include Colilert ONPG-MUG
minimal mediom tubes, However, Covert et al, {7) showed that
MUG-supplemented media were capable of detecting I CFU
of E. coli per 100 mil and found no significant differences in
detection of chlorine-exposed £, colf between the Colilert test
and EC mediom supplemented with MUG, Likewise, Me-
Carthy et al. (21) obtained & significant number of positive
reactions with the Colilert test for chlorine-treated coliform
bacteria and £ coli when the disinfectant was chloramine.
Purthermore, when free chlorine was used during chlorine
treatment, the levels of recovery of B coli were found {o be
cqual with the Colilert test and the USFDA method.

Many researchers have encountered false-positive resulis
(32} because of the presence of B-glucuronidase in some foods,
including fish and shellfish products. Poelma et al. (29} ob-
served the highest number of false-positive results when the
LET-MUG method was used to detect £ coli in pork sausage,
ground beef, and turkey. To solve this problem, some pretreat-
ment procedure should be used 1o eliminate the materials that
exhibit autofluorescence before the sample is analyzed enzy-
matically for E. coli. Further studies to deal with this problem
are in progress in our laboratory,
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