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SUMVARY

Subject 1: Technical Developnent to Determne Post-pasteurization
Contamnation and Shel f Life of Market M|k

1. Purpose of S udy

To devel op selective nediumto detect gramnegative bacteria, to
apply mcrobiological nethod to detection of post-pasteurization
contamnation of narket mlk and to develop PCR nethod to detect
gramnegative bacteriain mlk.

2. Results and Concl usion

The standard plate counts of all market mlk except sone LTLT
-pasteurized mlk did not increase significantly during storage at
7 for 10 days. The correlation coefficient between the SPCs after
storage for 5 days and 10 days was 0.68(P<0.01). The correlation
coefficient between the ratio of the SPC after storage for 5 days to
that at the production day and the SPC after storage for 10 days was
0.73. The SPCs of LTLT- and HIST-pasteurized nmlk increased to nore
than 10°CFU during storage at the tenperature higher that 10 ,
13 and 15 for 10 days. The SPC of UHI-pasteurized mlk increased
to nore than 10°CFU  during storage at the tenperature higher than
13

The correlation coefficients between shelf |ife and SPC after
storage for 5 and 10 days were -0.71 and -0.80(P<0.01),
respectively, which indicated that the activity of psychrotrophic
bacteria in mlk determned the shelf life during refrigerated
storage. The correlation coefficients between shelf life and nPBC
after prelimnary incubation at 21 for 18 hours with and wi thout
addition of DA\B were -0.56 and -0.48(P<0.05), respectively. Dairy
gram negative agar was better selective nedia for growh of gram
negative bacteria than crystal violet tetrazolium agar and plate
count agar containing 0.01% benzal konium chloride. The results
suggested that the rapid nethods to predict the shelf life of market
mlk by using nmPBC after prelimnary incubation shoul d be inproved.
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ATP bi ol um nescence nethod showed that tryptone glucose yeast
extract broth containing benzal konium chloride inhibited growh of
Pseudononas fluorescens as well as gram positive bacteria and that
dairy gram negative(D@) broth and TGY broth containing crystal
violet inhibited growth of gram positive bacteria only. The
bacterial counts after storage at 7 for 10 days of nost
LTLT-pasteuri zed market mlk fromplant A were nore than 10° CFU
which indicated post-pasteurization contamnation. The ATP
bi ol um nescence values after prelimnary incubation at 30 were
higher than that at 25 . There was not consistent relationship
between the ATP bi ol umnescence values after prelimnary incubation
with DN broth and the bacterial counts after storage at 7 for 10
days. Inpedance nethod showed that addition of CFC broth to skim
mlk culture resulted in growth of Pseudonmonas and Enterobacter
aerogenes. Addition of DGN broth to skimmlk culture allowed growh
of Enterococcus faecalis and S aureus as well as gram negative
bacteria.. Addition of Pseudosel broth inhibited growh of
grampositive bacteria but not gramnegative bacteria. |npedance
net hod using trypticase soy broth containing sodi um desoxychol ate
and cetrinmde enabl ed detection of post-pasteurization contan nation
of LTLT-pasteurizaed mlk but not UHT-pasteurized mlk.

Resazurin reduction nethod and gramnegative bacteria selective
broth were devel oped to detect post-pasteurization contamnation in
mlk processing. GFC broth inhibited growth of Escherichia coli,
Kl ebsiella pneumoniae and all grampositive bacteria. Enterococcus
faecalis, and Lactococcus sp. as well as most of gramnegative
bacteria grew in the nmixture of skim mlk and D&\ broth. nly
gramnegative bacteria grew in the mxture of skim mlk and
Pseudosel broth. The grow h of grampositive cocci and spore-formng
grampositve bacilli in narket mlk which was mxed with DAN broth
and Pseudosel broth, respectively, was detected. Addition of sodi um
desoxycholate to  Pseudosel broth inhibited spore-formng
grampositive bacilli and enabled selective detection of
gramnegative bacteria in market mlk.

Resazurin reduction tinme test including prelinmnary incubation of
narket mlk with SGTS broth was studied to apply to narket mlk
produced in different nonths. Gampositive bacteria did not grow on
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SGTS agar but gramnegative bacteria did. Al of the bacteria
isolated from resazurin reduction tinme test were gram negative
bacteria, which showed that SGTS medium is reliable for using
resazurin reduction tine test to detect post-pasteurization
contamnation of narket mlk. Resazurin reduction tine test and
bacteria nunber of narket nmlk after cold storage in My, June and
Sept enber were highly rel ated each other but not in July and Autumn.
Pseudononas was the nost frequently identifed gramnegative bacteria
of all isolated from the market nmlk after cold storage.
Aci net obacter and Aerononas fol | owed. Acinetobacter, Pseudononas and
Enterobacter were frequently identified in resazurin reduction tine
test where prelimnary incubation of mxture of skimmlk and SGTS
nmedi a was done at 21  for 18hr.

PCR nethod to detect gramnegative bacteria up to 2CGFU was
devel oped. PCR with priner pairs of QW1 and G\R2, NV and Q\R2,
and G2 and O\ anplified 16S rDNA from purified DNA of
Pseudononas fluorescens but not Enterococcus faecalis. 16S rDNA was
anplified from LTLT-pasteurized mlk and WHT-pasteurized mlk by
using sem nested PCR 16S rDNA was anplified from LTLT-pasteuri zed
mlk which was added with P. fluorescens and heated at 65 , 80 ,
100 for 30 mn but not fromthat autoclaved at 121  for 15nmn.
16s rDNA was anplified from gramnegative bacteria except
Achromobacter |yticus and Acaligens faecalis, but not from
gram posi ti ve.

The results indicated that there were problens  of
post-pasteurization contamnation of rmarket mlk. Resazurin
reduction tinme method could be used to detect post-pasteurization
contamnaton of mlk and to determne shelf l[ife. PCR nethod was
shown to detect gramnegative bacteria in mlk.

Subject 2 : Study on Contamnation Route of Staphyl ococcus aureus
and Sreptococci into Mk
1. Purpose of Study: To determne route of Staph. aureus and

streptococci to contamnate raw mlk and to determne their
sensitivity to antibiotics and di sinfectants.
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2. Results and Goncl usion

Speci mens were taken fromthe mlk, body surfaces of dairy cow
and environnents of ten dairy farns located in Kyunggi do, Korea.
Identification of Saphyl ococcus aureus, Streptococcus agal actiae,
Streptococcus uberis and Streptococcus dysagal actiae by using |DF
nethod and PCR nethod from 572 sanples taken during wnter and
summer season was conducted. Isolation rates of Staph. aureus and
Str. agal actiae which are classified as contagious nastitis pathogen
were 29.2 % and 3.2% respectively and those of environnental
nastitis pathogen Str. uberis and Str. dysagal actiae were 11.4% and
6.4% respectively.

In order to identify species of Saphylococcus spp. and
Streptococcus spp., PCOR performed with  rRNA priners STAA-AUl,
STRU-Wl, STRD-Dyl from 16S 23S intergenic spacer region anplified
specific DNA products for those species. By using specific priners,
strains of Staph. aureus producing six types of enterotoxin A, B, C
D E and TSST-1 were effectively differentiated.

Pul sed field gel electrophoresis of Sral-digested genomc DNA of
Staph. aureus and Streptococcus spp. was undertaken for genone
characterization and genotyping. The contamnation routes of the
pat hogens into raw nilk were postul at ed.

Sral was chosen for the PFGE analysis of Saph. aureus and
Streptococcus spp. genomc DNA and optinum condition for PFGE found

to be pul se tine of 5-40 second and running tine of 22 hours. S zes

of the genomc DNA of Saph. aureus and Sreptococcus spp. averaged
2.3M. Cenotyping results indicated that 52 strains of Staph.
aureus, 18 strains of Sr. uberis and 22 strains of Sr.
dysagal atiae were classfied into 19 types, 7 types and 11 types,
respectively.

Antibiotic- and disinfectant-susceptibility determnation of
Staph. aureus. and Streptococcus spp. was undertaken to get data for
effective control of mastitis. Staph. aureus was shown to be very
suscepti bl e agai nst anpicil lin-sul bactam trinethoprim sul fanet ho-
xazole, vanconycin and impenem in order. Str. dysagal actiae was
suscepti bl e to anpi ci | i n-sul bact am i m penem and
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tri et hopri m sul f anet hoxazol e. Sr. agal acti ae was hi ghl'y
susceptible to amoxicillin-clavulanic acid, anpicillin-sul bactam
trimet hopri msul fanet hoxazol e and mpenem Sr. uberis was highly
suscepti bl e to anoxi ci | lin- cl avul ani ¢ acid and
anpi cillin-sulbactam Gernex, a quarternary ammoni um conpound was
the nost effective disinfectant against Staph. aureus. Betadin, an
i odi ne conpound was the highest effective against Str. dysagal acti ae
and Str. agalactiae. FarniluidS was the nost effective disinfectant
against Sr. uberis of all. Mninmal inhibitory concentration of
chl oranpheni col agai nst Staph. aureus, Str. agal actiae, Str. uberis,
and Str. dysagal actiae revealed as 30ug/m, 50ug/m, 50ug/m and
>50ug/ m, respecti vel y.

RAPD nethod of genotyping and strain identification of
St aphyl ococcus aureus and Streptococcus spp. could obtain reliable
results which shows simllar degree of strain differentiation
ability and reproducibility as PFGE in shorter tinme wth |ess
analyzing cost. Isolated genomc DNA was anplified with newy
designed priner KKK I. The PCR condition was initial denaturation at
93 for 3 mnutes, 35 cycles of denaturation at 93 for 1 mnutes
annealing at 37 for 1 mnutes, and extension 72 for 1 mnutes,
final extension at 72 for 4 mnutes. The anplified DNA was
el ectrophoresed at 100 volt for 2 hours wth 1.5% agarose gel.

For the practical application of the results, conmon susceptible
antibiotics against all the isolated strains turned out to be
anoxi ci | i n-cl avul ani ¢ aci d, anpi ci |l i n-sul bact am and
chl oranpheni col . Bacterial strains sensitive to antibiotics and
disinfectants could be rel ated w th PFGE genot ypes.

- 15 -



QONTENTS

Chapter |. Introduction
Section 1. Purpose of study ----------------------mmm o 20
Section 2. Scope of study ------------------mmmme oo 21
Chapter |1. Technical Devel opnent to Determne
Post - past eur i zati on Cont am nat i on
and Shelf Life of Market M|k
Section Bacterial count, shelf |ife and sol ubl e whey

Section

Section

Section

Section

Section

Section

protein content of narket mlk by heat

treatment process and storage tenperature --------- 22
Prelimnary incubation nethod to predict the
shelf life of narket mlk -------------"ocmmmnn 35

. ATP bi ol um nescence and i npedance nethod to

detect post-pasteurization contam nation of
market mlk -----------c-mmmm 45

. Gamnegative bacteria sel ective nediumto

detect post-pasteurization contam nation of

narket mlk by using dye reduction test ----------- 59
Detection of Post-pasteurizati on contamnation

of market mlk by using resazurin reduction tine

test and identification of gramnegative bacteria
isolated fromnarket mlk ------------------------ 71
Detection of gramnegative bacteria by using
PCRanplification of 16S rDNA and application

to post-pasteurization contam nation of narket

MK e 96

. References -----------mmmmm 107

- 16 -



Chapt er

3. Sudy on ontamnation Route of

S aphyl ococcus aureus and Streptococci into MIk

Section 1.

Section 2.

Section 3.

Section 4.

Section 5.

Isolation and identification of S aphyl ococcus

aureus and streptococci fromdairy barn ---------- 112
Pul sed fiel d gel el ectrophoresis of genomc ONA
from S aphyl ococcus aureus and strept ococci

and prediction of contamnation route to mlk --- 132
Sensitivity to antibiotics and disinfectants

of St aphyl ococcus aureus and streptococci -------- 153
Appl i cai on of RAPD to genotyping of

St aphyl ococcus aureus and streptococci ----------- 186
References -------------cmmmmmmmm 204

- 17 -



2
ATP bi ol un nescence
2 e
2
2 resazurin
16S rDNA PR

- 18 -
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SUMVARY

Changes in bacterial counts of narket mlk during storage were
investigated in relation to heat treatnent processes and storage
tenperatures. The sol uble whey protein contents of the market mlk
were determned and the patterns of B-lactoglobulin and a
-lactalbumin in DS PAGE were conpared in order to estinate the
condition of heat treatnent process. The standard plate count (SPQ
of all the nmarket mlk except sone LTLT-pasteurized mlk did not
increase significantly during storage at 7 for 10 days. (e
LTLT-pasteurized mlk had a high average SPC of 29,000CFU  at the
producti on day. Another LTLT-pasteurized mlk had an average SPC of
4.7 x10°CFU after storage for 10 days. The correlation
coefficient between the SPCs after storage for 5 days and 10 days
was 0.68. The correlation coefficient between the ratio of the SPC
after storage for 5 days to that at the production day and the SPC
after storage for 10 days was 0.73. The SPGs of LTLT- and
HTST-pasteurized nmilk increased to nore than 10°CFU duri ng
storage at 10 , 13 and 15 for 10 days but not at 7 . The SPC
of  UWHT-pasteurized mlk increased to nore than 10°CFU duri ng
storage at 13 and 15 but less than 2,5000F4 at 7 and 10
The sol uble whey protein contents and the el ectrophoretic patterns
of pB-lactoglobulin and a-lactalbumn in tw products of
HIST-pasteurized mlk were simlar with WUHI-pasteurized mlk.

(Key word : nilk, pasteurization, heat treatnent, bacterial count,
shel f life, whey protein)
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25-48 .
(Byrne ,

1989; Wite , 1993).
2.
3 y 2 1] 4
: : 3
200 250 7
, 5 10 . st andard
pl ate count (SPQ standard nethod agar 1
32 48 . Petrifilm
aerobi ¢ count (PAQ . PAC
Petrifilm 1
Petrifilm
(Marshal |, 1993).
PAC SPC 5 10 SPC

(r) S gmaplot(Jandel, USA)

Sodi um dodecy! sul f at e- pol yacryl am de gel el ectrophoresis
B-lactoglobulin  a-lactal bumn (
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, 1993; Laemmii, 1971). 2% sodi um dodecyl sulfate

10% gl ycerin pH 6.8 62.5nMM Tris
100 5 13% pol yacryl am de gel

bovi ne serum al bum n( 66, 000) , egg
al bum n( 45, 000), gl yceral dehyde- 3- phosphate dehydr ogenase( 36, 000),
car boni ¢ anhydr ase( 29, 000), trypsi nogen( 24, 000), trypsin
i nhi bi t or (20, 100) a- | act al bum n( 14, 200) (

).

Har | and- Ashwor t h (Kuramoto , 1959)
( , 1993) Ned Nad

optical density 420nm
Lowy  (1951)

( , 1994).
3.
3 (A B O,
3 (D E P, 3 (G H I
2 6 7 ( ), 5 , 10
(Table 1).
A 10,000 90, 000CFY
6 2 10 10°CFU
B 500 4, 000CFU
. C
500CFU 10 6
4 10°CFU
D E
F 40
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0 1, 700CRU . 6 1 10

10°CFU
.7
10 600- 700CFU . SPC
PAC SPC PAC
SPC  PAC 0.99
1% (Fig1).

Table 1. Changes of standard plate count of narket mlk stored at
7

nber i
Heat Processi ng Geonetric nean of SPC (GFU )

Treat nent pl ant Sagpl o 0 day 5 day 10 day
A 6 29, 000 62, 000 460, 000

LTLT B 6 1, 600 1,900 1, 400

C 6 500 5, 500 4, 700, 000

D 3 <25 32 9, 500

HTST E 2 <25 <25 35
F 6 810 1, 500 100, 000

G 3 <25 <25 600

WHT H 3 <25 260 600

I 3 <25 <25 700

90-5,000CFU , 60- 3, 000CFU
( . 1993).

6, 730CFU , 4, 960CFU
( , 1995).

100, 000CFU
9 100CFU ( , 1995).
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Petrifilm Aerobic Count (log CFLImI)

3 .’ r=0.99°

2+

2 3 4 5 G 7 8 g
Standard Plate Count (log CFU/mI)

Fig. 1. Regression line of standard plate count versus Petrifilm
aerobi c count of mlk

" P<0.01
(1995)
A 10°CFU
2
A 2
C 10°- 10°CFU
10 10°CFU
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(Bishop Wite, 1986).

2
(Varnam Sutherland, 1994).
2
SPC PAC
PAC Petrifilm
2,3,5-triphenyl tetrazoliumchloride
2,3,5-triphenyl tetrazoliumchloride
B C F 26
7 5 SPC 10 SPC
0. 68 1% (Fg
2). 5 SPC 10'CFU 10
SPC  10°-10'CFU 5 SPC
10*- 10°'CFU 10 SPC
SPC 5 SPC
10 SPC 0.73 1%
(Fg3). SPC
5 SPC
SPC 5 SPC
Mosl ey
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SPC after storage for 10 days (log CFUImI)

2 I
2 3 4 5 G
SPC after storage for 5 days (log CFU/mI)

Fig. 2. Regression line of the standard plate counts of the mlk
stored for 5 days versus those of the mlk stored for 10 days
P<0. 01
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SPC after 10 days (log CFUiml)

r=073"

Log (SPC after 5 days | SPC at 0 day)

Fig. 3. Regression line of the ratio of the standard plate count of
the mlk stored for 5 days to those of mlk at the production day
versus the standard plate count of nilk stored for 10 days =~ P<0.01

G F G
7,10 , 13 15
(Table 2).
7 10
20, 000CFU 2 . 10
5 18, 000CFU
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79, 000CFY

10
13 3
20, 000CFU 5 10'CFU
13 3
5 10°CFU
. 15 3
10'CFU 5 100CRU
Baci | | us 7

(Varnam  Sut herl and,
1994).

Table 2. (hanges of standard plate count of narket mlk stored at
the different tenperatures

reat S orage ¢
t reat ment day (CRU )
(Pant) 7 10 13 15

2,900 2,900 1, 300 2,900
LTLT 3 2,400 4, 000 140, 000 18, 000, 000
(O 5 3, 300 79,000 32,000,000 21,000,000
10 3,300 16, 000, 000 - -
1,700 1,700 290 1,700
HTST 3 1, 500 1, 800 44,000 17,000, 000
(F) 5 1, 600 18,000 12,000,000 42,000, 000
10 9,700 23, 000, 000 - -
4 4 0 0
UHT 3 3 0 2, 000 400
(G 5 0 0 1,700,000 32,000,000
10 26 <2, 500 - -
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10

7
0-10
10
7
15
7
3.
(Lew s, 1986).
540nm optical density
(Tabl e 3). 540nm
optical density F
0. 146- 0. 196 D E
0.29-0.49 . F
2.72 3.60 /
D E 0.58 1.48 /
F
D E
SOS- PACE(Fi g 4)
. 18, 362 B-1act ogl obul i n 14, 174 a
-lactal bumn band A B
C F
D E G H I
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Tabl e 3. The sol ubl e whey protein content of narket mlk

Heat Processing (ptical density  Sol uble whey protein

treat nent pl ants at 540 nm (nmy/m)
A 0.147 + 0.004 2.72 £ 0.07
LTLT B 0.196 + 0.014 3.60 £ 0.25
C 0.185 + 0.006 3.41 £ 0.11
D 0.029 + 0.003 0.58 = 0.01
HIST E 0.044 + 0.016 0.84 = 0.31
F 0.146 + 0.005 3.02 £ 0.10
G 0.042 + 0.002 0.82 = 0.04
- -
—

ww T ==

ALK
IBE

29K
24K
ATE
' ' : ' ‘<
i
- . o
HJK.Z.A--- ' . ‘ ‘ ‘
A B & DBDEZEFGHTIJ
LI ] s. ~T. SAJUL ULt uuu\,\;yl DUl 1 UL 'JUI ybl\.ll yl i ue s\al wl vulLl U'JI v volr o UI:
nmarket mlk.

B, G D LTLT-pasteurized mlk, E F, G HIST-pasteurized mlk, H
[, J: WHI-pasteurized mlk, A narker proteins, LG f-lactogloblin,
LA a-lactal bumn. The nunbers at left indicate nol ecul ar weights of
narker proteins as described in Materials and Met hods.
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di sul fide

K- casei n di sul fide
13% pol yacryl am de
D E G H I
D E F
(Table 1)
72-75 15-20 (
, 1994)
4.
SOS- PAGE
. 7
10 .
29, 000CGFU
10 4, 7x10°CAY .
5 10 0. 68
5 10
0.73
10 , 13 , 15 10
10°CFU 7
13 15 10 10°CFU
7 10 2, 500G~U .
2 S PAGE B

-lactogl obulin a-lactbumn band
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SUMVARY

The shelf life of narket mlk was correlated with the bacterial
counts using different incubation nethods which include standard
plate counts(SPC) after storage at 7 for 5 days and 10 days and
nodi fied psychrotrophic bacterial counts(mPBC) after prelimnary
incubation at 21  for 18 hours with or wthout addition of dairy
gram negative broth(DN&). The correlation coefficients between
shelf life and SPC after storage for 5 and 10 days were -0.71 and
-0.80, respectively, which indicated that the activity of
psychrotrophic bacteria in mlk determned the shelf life during
refrigerated storage. The correlation coefficients between shelf
life and nPBC after prelimnary incubation at 21 for 18 hours wth
and without addition of DA\B were -0.56 and -0.48, respectively.
Dairy gram negative agar was better selective nedia for growth of
gram negative bacteria than crystal violet tetrazolium agar and
pl ate count agar containi ng 0.01% benzal koni umchl oride. The results
suggested that the rapid nethods to predict the shelf life of market
mlk by using prelimnary incubation nethod and nPBC should be
i npr oved.

(Key word : mnlk, bacterial count, shelf life, psychrotophic
bacteri a)
1.
(past euri zati on) 2
.2
(shelf life) .
2 45 (7.2 ) 14
50% U
20, 000/ (Barnard . 1995).
2



(shelf life)
MMeekin  Ross(1996) 1 1g 10
107.5
Bishop (1984) 7
7
ADGA score card
7 5
Msl ey (1DF, 1993; Wite , 1993) . 18
21 18 21
(Bi shop , 1984). dairy gram
negati ve broth
21 18 2
1 25 (modi fi ed
psychrotrophic bacterial count) (Byrne
1989). 30 24
bi ol um nescence ATP

(Ve  Bossuyt, 1982).

(Byrne , 1989a; Wite , 1993).
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Pseudononas
fl uorescens KCIC 1767, Pseudononas fragi KCIC 2345, Escherichia coli

KCTC 2441, Enterococcus faecium KCIC 3077, S aphyl ococcus aureus
KCTC 1928 Ent er obact er aer ogenes

KQOM 12177, Aeromonas hydrophi | ia KOOM 11533, Bacillus subtilis KOOM
11314, Mcrococcus | uteus KOOM 11326

200 250 7
5 10 . (SPO
standard net hod agar 32 48
(Marshal |, 1993). r S gnapl ot (Jandel, USA)
50 100 21 18
dai ry gram negative brot h( DA\B) 2
1 18 DA\B

(nmodified psychrotrophic bacteria count) plate count
agar 21 25

7 6 2 3
22
30 3 ADBA scoring gui de
3
(shelf life) (Bi shop

, 1984, Bodyfelt , 1988).

Dairy gram negative agar, Qystal
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violet tetrazolium agar (Marshall, 1993), 0.01% benzal koni um

chl ori de pl ate count agar . Trypti case soy
broth 32 24 agar  streaking
21 30 24
25
' ' . r=-0.80""

SHELF LIFE (DAY)

0 = T I I | T T

2 3 4 5 6 7 B 9
SPC AFTER STORAGE FOR 10 DAYS (log CFU/mI)

HQg 1. SCattergram Oor tne tinear relacionsnips or snelr 1ire and
standard plate count after storage for 10 days ** P<0.01
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25

SHELF LIFE (DAY)

r=-0.71*"

5 | :

2 3 4 2
SPC AFTER STORAGE FOR 5 DAY (log CFUWmI)

Fig. 2. Scattergramof the linear relationships of shelf life and
standard plate count after storage for 5 days. ** P<0.01

10
10 10°CFU
10 12 . 10

10°'CFU 15
23 . 5
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Dairy gram negative agar, crystal violet tetrazolium agar

0.01% bezal koni um chl ori de pl ate count agar(BCPCA)
4 5
(Table 1). 21 30
BCOPCA Ent er obact er aer ogenes

Pseudononas fragi
Qystal violet tetrazolium agar
Aerononas hydrophilia
Ent er ococcus faeci um . Dairy gramnegative
agar Aerononas hydrophilia

Table 1. Gowh of bacteria on selective agar for gram negative

b a c t e r i a
- QG am Dairy gram (ay;teatl
Bacteria stain negg;ve tetrazol i um BCPCA
agar

Bacillus subtilis + - - -
St aphyl ococcus aur eus + - - -
Ent er ococcus faeci um + - + -
M crococcus | ut eus + - - -
Escherichia coli - + + -
E aerogenes - + + +
Pseudononas fl uor escens - + + -
Pseudononas fragi - + + +
Aerononas hydrophi lia - - - -

Dairy
gram negative agar
BCPCA crystal violet tetrazoil umagar
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benzal koni umchl ori de

Byrne  (1989b) 0.1%
benzal koni um chl ori de
benzal koni um
chloride crystal violet al kyl sul phonat e
M sser de

Q oot e(1984) 0.001 0.003% benzal koni um chl ori de plate
count agar 30 24
0. 01%
benzal koni um chl ori de pl ate count agar
21 18
-0.48
(Fg. 3).
21 18 7
21
Baci I | us
7
(Bishop Wite, 1986). 21 18
(Wi te ,
1993)
1, 000CFU 14
200, 000CFU 9
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25

® e o
20 ®
&
=
8 ®
15
& ®
|
E e @
T 10
b e o o
e o
&
5 - °
r=-.0.48
ﬂ [ [ [
1 2 3 4 5 6

mPPC AFTER PRE-INCUBATION (log CFU/mI)

Fig. 3. Scattergram of the linear relationship of shelf life and
nodi fied psychrotrophic plate count after prelimnary incubation at
21 for 18 hours. * P<0.05
dai ry gram negative brot h(DAO\B) 21 18
-0.56 (P<0.05)(Fig. 4).
DA\B 2

21 18
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20

19

10 o \.

SHELF LIFE (DAY)
]
/ .

r==-0.56"

0 T I I T I
0 1 2 3 4 5
mPPC AFTER PRE-INCUBATION WITH DGNB (log CFU/ml)

Fig. 4. Scattergram of the linear relationship of shelf life and
nodi fied psychrotrophic plate count after prelimnary incubation
with dairy gramnegative broth at 21 for 18 hours. *P<0.05

(18 25 ) 2

Bishop  Mite(1985) 21 14
-0.814
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. Byrne (1989a) 0.1% benzal koni um

chl ori de
-0.84 dairy gram
negati ve broth 21 18
-0.88
2
3 1
2
4.
7 5 10 , 21 18
, Dairy gram negative
br ot h( DA\B) 21 18
5
10
-0.71 -0.81 (P<0.01). 21 18
DA\B 21 18
-0.48 -0. 56 (P<0.05). Dairy gram negative agar crystal

violet tetrazolium agar 0. 01% benzal koni um chl ori de
pl ate count agar
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3 ATP B ol uni nescence
2

SUMVARY

ATP bi ol um nescence net hod and i npedance nethod were investigated
to detect post-pasteurization contamnation of narket mlk. ATP
bi ol um nescence nethod showed that tryptone glucose yeast extract
broth containing benzal konium chloride inhibited growh of
Pseudononas fluorescens as well as gram positive bacteria and that
dairy gram negative(D@) broth and TGY broth containing crystal
violet inhibited growth of gram positive bacteria only. The
bacterial counts after storage at 7 for 10 days of nost
LTLT-pasteuri zed market mlk fromplant A were nore than 10° CFU
which indicated post-pasteurization contamnation. The ATP
bi ol um nescence values after prelimnary incubation at 30 were
higher than that at 25 . There was not consistent relationship
between the ATP bi ol umnescence values after prelimnary incubation
with DN broth and the bacterial counts after storage at 7 for 10
days. Inpedance nethod showed that addition of CFC broth to skim
mlk culture resulted in growth of Pseudonmonas and Enterobact er
aer ogenes. Addition of DAN broth to skim mlk culture allowed
gronth of Enterococcus faecalis and S aureus as well as gram
negati ve bacteria.. Addition of Pseudosel broth inhibited growth of
gram positive bacteria but not gram negative bacteria. |npedance
net hod usi ng tryptcase soy broth contai ning sodi um desoxychol ate and
cetrimde enabl ed detection of post-pasteurization contamnation of
LTLT-pasteuri zaed m |k but not UHTI-pasteurized mlk.

(Key Words : Market mlk, Post-pasteurization contamnation, Qam

negati ve bacteria, Psychrotrophic bacteria, ATP biol umnescence,
| npedance net hod)
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(post - past euri zati on

cont am nat i on) ( , 1994) 2
‘ 2
2
Sal nonel | a Listeria
2
sal monel | osi s [11inois
16, 000 (Phillips
Qiffiths, 1989).
2
2
2
(Vasavada, 1993; Wite, 1993; IDF 1993; B shop
Wiite, 1986).
Pseudononas
(10F, 1993;  Pnillips , 1981;
Gyl lenberg , 1960).
, 2
21 18
pl ate count agar 21 25

nodi fied psychrotrophic bacteria count(nPBO
(Wite , 1993).
2
Baci | [ us

(7))
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ATP

bi ol um nescnece . ATP bi ol um nescence
2
(@iffiths, 1993). 2
Benzal kon A, crystal violet, nisin,
penicillin
ATP (IDF, 1993; Baustista

1992; Phillips Qiffiths, 1985 \es Bossuyt, 1981; WMes
Bossuyt, 1982).

2 .
ATP bi ol uni nescence 10°CFU
(Bossuyt, 1982).
ATP nyl on
filter (Reybroeck  Schram 1995).
10°CFU
(Reybroeck  Schram 1995; Baustista , 1992).
Bact onet er
detection tine(Dr)
DT .
(Bishop , 1984; Bossuyt \es, 1983, Visser de Goote,
1984) Byr ne (1989a) benzal koni um chl ori de
nutrient broth dairy gramnegati ve(DN 21
18 DT
ATP bi ol um nescence
2.
A B C
1998 2 7
1
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Lact ococcus  sp. Chr. Hansen's
( Benmar k) (R 703)
(Tabl e 1). Pseudononas
26 30 24 2

Table 1. Bacteria used in the study

Sour ces

Baci | | us cereus KCTC 1013
Baci | [ us circul ans KCTC 3347
St aphyl ococcus aur eus KCTC 1928
Ent er ococcus faecal i s KCTC 3512
Lact ococcus sp. Chr. Hansen's R 703
Escheri chi a coli KCTC 2441
Kl ebsi el | a pneunoni ae KCTC 2001
Ent er obact er aer ogenes KCTC 2190
Fl avobact eri um sp. KCTC 2480
Pseudononas f | uor escens KCTC 2344
Pseudononas f | uor escens KCTC 1767
Pseudononas puti da KCTC 1644

LB tryptone(10g/ ¢ ), yeast extract(5g/ ¢), Nad (10g/
2) TGY tryptone(5g/ €), yeast extract(2.5g/ ?),
gl ucose(1g/ ¢) Dairy gram negative( DA\ (Byrne , 1989b)

tryptone(20.0g/ £), yeast extract(20.0g/ £), dextrose(4.0g/ ¢),
sodi um desoxychol ate (0.5g/ ¢), crystal violet(0.0001g/ ¢)
121 15 aut ocl ave . GC (Al as
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Parks, 1993; Mead, 1985) peptone(16.0g/ €), tryptone(10.0g/ ¢),
K-SO(10.0g/ £), MA. - 6HQ1.49/ ) gl ycerol (10.0 / ¢)
121 15 aut ocl ave 10

aC (cephal oridine(5g/ £), fucidine(lg/ ¢),
cetrimde(1g/ ¢) . Pseudosel (Atlas
Parks, 1993) peptone(20.0g/ ¢), KSO(10.0g/ £), MA:(1.49/ 2),
cetrimde(0.15g/ ¢) gl ycerol (10.0 / ¢) 118 15

aut ocl ave . CP Pseudosel cetrinmde

. ATP bi ol um nescence

LB 24 3 MFarl and nephel onet er
LB 20 (Dfco) 20
10°CFU .
DaN , 0.1% benzal koni um chl ori de
TGY (BG TGY) 0.002% crystal violet TGY
(CV-TGY)) (Byrne 1989h) 25 30 18
ATP .
50 DA\B 25 30 18
ATP
ATP  Reybroeck  Schran{1995)
B ofiltration systen{Lumac) nylon filter 300
300 L-NRS ( ) 4
. nylon filter
600 quarter strength R nger solution nylon filter
cuvette Bi ocount er M2500 (Lunac)
200 NRM ( )
30 100 [uciferin [ uci ferase(Lumt-QV)
Lum nescence 10 (relative light
i ntensity)
TGY PBS MFar | and
nephl oret er 10° CFU (5 )
DaN , CFC , Pseudosel
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cetrimde Pseudosel (CP) 8 , 21
25 30 18 DT

50 sodi um desoxychol ate(0.59/ £) cetrimde(0.15¢g/ ¢)
Trypti case soy broth(D fco)(SG TSB)
DT .
500 MPCA (bi oMeri eux) nodul e wel | 200
21 , 25 30 Bact oneter processing
unit (Bactoneter Mdel 128, bioMerieux Vitek, Inc.)
detection tine(DT)

250 nedi a 200 7 10
(nPBQ
1 45 pl ate count
agar 21 48

(Marshal |, 1993).

3.
. ATP bi ol um nescence
DAN , BGTGY O-TGY
25 30 18 ATP
bi ol um nescence (Table 2). DN O~ TGY
P. fluorescens, E aerogenes E coli ATP
bi ol um nescence . BGTGr
P. fluorescenes .
DN Qv-TGY P. fluorescens E coli 2
5 30 E aerogenes 30 2
5 . DN S aureus B cereus 3
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0 CV-TGY B. cereus
(Table 2). DAN O-TGY
BG TGY
P. fl uorescens

Tabl e 2. ATP bi ol um nescence determnation of bacterial culture in
the mxture of selective broth and skimmlk.
(Wnit : relative light unit)

DN brot h BG TGY broth CQ/-TGY broth
Bacteria
25 30 25 30 25 30
P. fluorescens 880 12,000 68 40 400 12,000
E aerogenes 180, 000 14, 000 450 6,500 210,000 76, 000
E coli 69, 000 76, 000 1,500 40,000 35,000 75,000
B. cereus 53 810 430 40 290 930
S. aureus 48 940 55 41 77 170
ATP bi ol un nescence
10°CFU
10'CFU
(MMekin  Ross, 1996). 7 10 10°CFU
2
. 7 10 ('SPCL0d)
10°CFU A 2
(Table 3).
Table 3 2
21 18 nPBC
(P -nPBO . DAN 21
18 nPBC ( DA\ nPBO
DAN 25 18 ATP
bi ol um nescence ( DA\R5- ATP)
DAN 30 18 ATP
bi ol um nescence ( DAN\BO- ATP)
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Table 3. Detection of post-pasteurization contamnation of narket
mlk by using nodified psychrotrophic bacterial count(nPBO and
ATP- bi ol um nescence.

Pl an i Dy DAze- DANE0- SPCL0d
nPBC nPBC ATP' ATP (U )
(v ) (v ) (RY (RY
A 620 90 580 nd’ 5, 200, 000
A 72, 000 22,000 640 11,000 63, 000, 000
A <10 <1 270 240 520
A 5, 400 190 230 3, 900 1, 100, 000
A 5, 200 9,500 1,500 8, 700 700, 000
A 250, 000 40 170 17,000 37, 000, 000
A 1, 300 <10 290 320 36, 000, 000
A 1,300, 000 120,000 140, 000 33,000 20, 000, 000
A <10 <10 230 250 8, 000
A 920, 000 17, 000 220 370 25,000, 000
A 25, 000 12, 000 290 110,000 10, 000, 000
A nd 456, 000 46, 000 81, 000 40, 000
A nd 490 490 13. 000 11, 000
A nd <10 270 310 2, 800
A nd 7,800 59, 000 13, 000 4, 300, 000
B 80 <1 310 230 780
B 9, 900 <1 320 220 4,100
B 230 30 240 nd 220
Cc 1, 400 <1 250 nd 66, 000
Cc 52, 000 <1 380 270 31, 000
C 43, 000 <1 320 270 17, 000
Cc 13, 000 <10 150 220 300, 000
Cc 24,000 <10 80 180 50, 000
Cc 32, 000 <10 220 190 720, 000
Cc 39, 000 <10 190 270 450, 000

1, Refer to Results and di scussion
2, Not determ ned
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A 3 9 P-nPBC 10CFU

SPC10d 10, 000CFU . Pl-nPBC
SPC10d . Pl - nPBC 2
A 12 13 DA\B-nPBC 460, 000CFU
490CHY 12 DQA\R5-ATP  DAN30- ATP  ATP bi ol um nescence
2 12 13 SPClod
10°CFU 2
. 7 DAN-NPBC,  DA\R5- ATP
DAN30- ATP ATP bi ol um nescence 2
SPC10d 36, 000, 000CFU
2 (Table 3).
DAN 2 SPC10d
DN
7
2
B 3 Pl - nPBC
10, 000CFU 18 DA\ nPBC :
DA\R5- ATP DA\30- ATP  500RLU 2
SPC10d 5, 000CFY
18 DAGNNPBC 30
SPC10d 220 DA\ nPBC
(Table 3).
c 7 Pl - nPBC
1, 400CFU 39, 000CFY
DA\ nPBC DA\R5- ATP  DA\BO-ATP  500RLU
. SPClod 17, 000CFY 720, 000CFY
10°CFU . C
2
C P -nPBC  SPCLOd
Baci | | us
Pl - nPBC 2 .
A 10CFU 2 B
9, 900CFU 2 . C
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Pl -nPBC SPC10d 2

DA\R5-ATP 25
DAN30- ATP DN nPBC 10G~U
10 1 500RLU
2 . ATP
bi ol um nescence 2
30
DA\-nPBC  DAN\30- ATP
43 18 . DAN\30- ATP
Biofiltration system
DN aC
Pseudosel . CC , DN , Pseudosel
Pseudononas, ,
(Mead, 1985; Byrne , 1989; Atlas Parks, 1993).
aC , DAN , Pseudosel P
21 , 25 , 30 18 Bact onet er
21 , 25 30 48 DT
(Tabl e 4).
aC
K. pneunoni ae
E coli 21 25 30
Fl avobact eri um sp. 21 . Pseudononas
E aerogenes (Tabl e 4). Pseudononas

Dr . OFC Pseudononas
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Table 4. Detection time of bacterial culture in the mxture of

sel ective broth and skimml k. (unit : hour)
Sel ective CFC broth DA\ brot h
broth
Bacteria 21 25 30 21 25 30
B. coagul ans >48.0 >48.0 >48.0 >48.0 >48.0 >48.0
S. aureus >48. 0 nd" >48.0 >48.0 nd 9.3
E faecalis >48.0 >48.0 >48.0 17.9 6.9 7.3
Lact ococcus sp. nd' nd* >48.0 nd* nd' 3.1
E coli >48.0 >48.0 4.4 17.5 1.5 4.9
E aerogenes 7.1 1.3 3.1 2.7 1.0 3.0
K pneunoni ae >48.0 >48.0 >48.0 3.2 1.3 4.5
Fl avobact eri um sp. 7.1 >48.0 >48.0 >48.0 >48.0 47.6
P. fl uorescens 7.1 7.8 4.4 7.1 4.9 4.2
P. fl uorescens 12.3 7.7 2.6 12.3 9.1 2.5
P. putida 10.8 5.2 3.3 9.0 5.4 2.8
Selective  pseydosel broth CP broth
broth
Bacteria 21 25 30 21 25 30
B. coagul ans >48.0 >48.0 >48.0 41.7 17.2 28.2
S. aureus >48.0 nd" >48.0 >48.0 nd' 2.6
E faecalis >48.0 >48.0 >48.0 11.5 3.5 5.6
Lact ococcus sp. nd' nd* >48.0 nd' nd' 5.0
E coli 20.7 3.6 3 20.9 3.1 5.9
E aerogenes 3.8 1.2 3.6 3.5 15 3.9
K pneunoni ae 3.9 1.5 9 3.7 1.4 3.8
Fl avobact eri um sp. >48.0 >48.0 >48.0 >48.0 >48.0 >48.0
P. fluorescens 7.0 4.6 4.5 6.9 5.6 4.5
P. fluorescens 11.5 7.8 2.6 11.5 7.7 2.7
P. putida 10.4 5.9 3.2 7.1 6.0 3.7

nd Not determ ned

- B -



DAN B.

coagul ans S. aureus 30

E faecalis
Fl avobact eri um sp. E cai,
E faecalis, E aerogenes, K pneunoni ae Pseudononas DT 2
1 25 . 30 Pseudononas DT

Pseudosel

H avobact eri um sp.
E coli DT 21 25 6 E

aerogenes K pneunmoniae 2-3 , Pseudomonas  1.5-2

30 DT .

Getrimde Pseudosel (CP)

H avobact eri um sp. . P
Dr DN Pseudosel Dr

DAN Pseudosel sodi um desoxychol ate, crystal violet,
cetrinde

DN

2
E faecalis S aureus DGN streaki ng
DN
DAN sodi um desoxychol at e

crystal violet

A B F
2 .
sodi um desoxychol at e cetrimde Trypticase soy
br ot h( SG TSB) 21 25 18
Bact onet er 21 25 48 Dr
. A 2 25
DT 24 5 21 21 25 9
2 2 5
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7 10 (SPCLOd) 470, 000CFU
350, 000, 000CFU 2
10, 12 14 DI 48
SPClod  10°CFU 2

Table 5. Detection of post-pasteurization contam nation of narket
m |k by using i npedance net hod

Sanpl e B ant Detection time (hour) SPC10d

No. 21 25 (v )

1 A > 48 > 48 4,900
2 A > 48 24 470, 000
3 A > 48 > 48 4,200
4 A > 48 > 48 3, 800
5 A 21 9 350, 000, 000
6 B > 48 > 48 8, 100
7 B > 48 > 48 < 100
8 B > 48 > 48 < 100
9 B > 48 > 48 < 100
10 C > 48 > 48 9, 800, 000
11 C > 48 > 48 < 100
12 C > 48 > 48 3, 100, 000
13 C > 48 > 48 12, 000
14 D > 48 > 48 1, 200, 000
15 E > 48 > 48 110. 000
16 E > 48 > 48 < 100
17 F > 48 > 48 < 100

A 2
2

Bact oret er nodul e

ATP bi ol um nescence 2
DAN , BGTGY ov-TGY
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ATP bi ol un nescnece

BG TGY Pseudormonac f | uor escens
DN O-TGY . A
7 10
10°CFU 2 .
30 25 ATP bi ol um nescece DN
ATP bi ol um nescece SPC10d
. aC Pseudornonas
E aerogenes DN
E faecalis S aureus Pseudosel
SG TSB
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SUMVARY

Dye reduction nethod and gramnegative bacteria selective broth
were devel oped to detect post-pasteurization contamnation in mlk
processing. Methylene blue reduction nethod did not detect growth
of Pseudononas but resazurin reduction nethod detected its growh.
The growth of grampositive and gramnegative bacteria in
cephal ori di ne-fuci di ne-cetri m de( GFQ brot h, dai ry gram
negati ve(D@\) broth, and Pseudosel broth which were added to equal
volune of skim mlk was determned by using resazurin reduction
nethod. CFC broth inhibited growth of Escherichia coli, Kebsiella
pneunoni ae and all grampositive bacteria. Enterococcus faecalis,
and Lactococcus sp. as well as nost of gramnegative bacteria grew
in the mxture of skim mlk and DGN broth. iy gramnegative
bacteria grew in the mxture of skimmlk and Pseudosel broth. The
growth of grampositive cocci and spore-formng grampositve bacilli
in market mlk which was mxed wth DAN broth and Pseudosel broth,
respectively, was detected. Addition of sodium desoxycholate to
Pseudosel broth inhibited spore-formng grampositive bacilli and
enabled selective detection of gramnegative bacteria in narket
mlk. The gram negative bacteria isolated from market mlk were
identified as Enterobacter agglonerans, Enterobacter sakazakii,
Pseudononas spp. and Aerononas sal noni ci da.

(Key word : Market mlk, Post-pasteurization contamnation, gram
negati ve bacteria, resazurin)
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1994)
2
2
(Bishop  Wite,
1986; |DF, 1993). 2
8 21 (Wite , 1993)
(Byrne , 1989b; Phillips , 1984)
Bact enet er (Bishop , 1984; Bossuyt \Mes
1983, Visser de Qoote, 1984) ATP- bi ol um nescence (Vées
Bossuyt, 1982) 2
Langevel d (1976) 24 25
benzal koni um chl ori de streak 30 24
Byr ne (1989a)
benzal koni um chl ori de nutrient broth
dai ry gramnegative(DQ\ 1:1 21 18
2

Lact ococcus sp. Chr. Hansen
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(R 703)

(Table 1). Pseudononas 26
30 24 2
: t rypt one- yeast
extract - gl ucose(TGY) broth
Table 1. The bacterial strains and their optinmum incubation
tenperature used in the study
Bacteria Sour ces
Baci | [ us circul ans KCTC 3347
St aphyl ococcus aur eus KCTC 1928
Ent er ococcus faecal i s KCTC 3512
Lact ococcus sp. Chr. Hansen R 703
Escheri chia coli KCTC 2441
Kl ebsi el | a pneunoni ae KCTC 2001
Ent er obact er aer ogenes KCTC 2190
Fl avobact eri um sp. KCTC 2480
Pseudononas f | uor escens KCTC 2344
Pseudononas f | uor escens KCTC 1767
Pseudononas puti da KCTC 1644
TGY broth PBS MFar| and
nephl onet er 10° CFU (5 )
dairy gram negative (DQ\) (Byrne , 1989a),
cephal ori di ne-fuci di ne-cetrimde (CGFQ (Atlas Parks, 1993;
Mead, 1985), Pseudosel (Alas Parks, 1993), cetrinide
Pseudosel 18 , 21 , 25 30 18
DAN tryptone(20.0g/ ¢ ), yeast extract(20.0g/ ¢),

dextrose(4.0g/ ¢),

sodi um desoxychol at e
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violet(0.0001 / ¢) 121 aut ocl ave

aC peptone(16.0g/ ¢), tryptone(10.0g/ ¢), KSO(10.0g/ ¢),
Md. - 60 1. 49/ ¢) gl ycerol (10.0 / ¢) 12
1 aut ocl ave aC
(cephaloridine(5 / ), fucidine(1 / ), cetrimde(l / )) 10
Pseudosel pept one(20.0g/ ¢ ),

K-SO(10.0g/ £), MA=2(1.49/ ¢), cetrimde(0.15g/ ¢) gl ycerol (10.0

/2) 118 aut ocl ave

0.22  nenbrane( Gel nan) net hyl ene bl ue
(44 | ) resazurin (55 / )1 10
30 ,

1 10
: : P R W

APl 20E( bi oMeri eux sa)
notility test nedia
oxi dati on-fernentation High and Leifeon's COF basal nedi um
(MacFaddi n, 1980).

Modi fied Hucker crystal violet (Hendri ckson
Krenz, 1991) Schaffer  Ful ton(1933)
3.
2 Pseudononas
2
2
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Tabl e 2. Methyl ene bl ue reduction tine(hour) of skimmlk inocul at ed
with bacteria and incubated after addition of selective broth

Pseudosel
broth  GFCbroth DN broth ocudosel broth
brot h W t hout
cetrimde
bacteria 21 25 21 25 21 25 21 25
B. circul ans >0 >10 >10 >10 >10 >10 >10 >10
S. aureus >10 nd >10 nd >10 nd >10 nd
E faecalis >10 >10 7 1 >10 >10 2 0.5
E coli >10 >10 8 1 8 >10 8 3.1
E aerogenes >10 1 3 1 3 1 3 1.5
K pneunoni ae >10 >10 3 1 3 3 3 1.4
Fl avobact eri um sp. >10 >10 >10 7 >10 >10 >10 >10
P. fluorescens >10 8 >10 8 >10 8 >10 5.6
P. fluorescens. >0 >10 >10 >10 >10 >10 >10 7.7
P. putida >0 >10 >10 >10 >10 >10 >10 6.0
DAN , CFC
Pseudosel . CFC , DN , Pseudosel
Pseudononas, ,

(Mead, 1985; Byrne , 1989a; Atlas  Parks,
1993). 18 30 18
net hyl ene bl ue

resazurin 30
2
(10° ) 21 25
18 net hyl ene bl ue 30
(Table 2).
aC E aerogenes net hyl ene bl ue
DAN E faecalis, E coli, E aerogenes
K pneunoniae  Pseudosel E aerogenes K pneunoni ae
net hyl ene bl ue . P. fluorescens P. putida
net hyl ene bl ue Pseudononas

- 63 -



Tabl e 3. Resazurin reduction tinme(hour) of skimmlk inoculated wth
bacteria and i ncubated after addition of selective broth at 18 and

2 1
Pseudosel
Pseudosel brot h
broth CC broth DN broth brot h vi t hout
cetrimde
bacteri a 18 22 18 21 18 21 18 21
B. circul ans >10 >0 6.5 6.5 >10 >10 >10 >10
S. aureus >10 >0 6.5 6.5 >0 >10 7.5 5.5
E faecalis >10 >0 3.5 1.5 >0 >10 1.5 0.5
Lact ococcus spp. >10 >0 3.5 1.5 >0 >10 1.5 0.5
E coli >0 55 35 1.5 45 15 15 0.5
E aerogenes 55 15 15 0.5 1.5 05 15 0.5
K. pneunoni ae 15 1.5 15 0.5 1.5 05 15 0.5
Fl avobact eri um sp. nd nd 45 6.5 nd nd nd nd
P. fluorescens 2.5 1.5 25 1.5 25 15 25 15
P. fl uorescens. 1.5 1.5 1.5 1.5 1.5 1.5 15 15
P. putida 1.5 15 15 15 15 1.5 15 15
nd: Not deternm ned
net hyl ene bl ue resazurin 1
8 21 18 resazurin 30
(Table 3). Pseudononas 1.5 2.5
Pseudononas aC E aerogenes, K
pneunoni ae E coli resazurin DAN
. Pseudosel
Cetrimde Pseudosel B.
ci rcul ans
25 30 18 resazurin
P. fluorescens 0.5 1.5 (Table 4).
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aC

Pseudosel
Getrimde

circul ans

E aerogenes

Lact ococcus sp.,

E faecalis

DAN

S. aureus

Pseudosel

. Pseudononas

Tabl e 4. Resazurin reduction tinme(hour) of skimmlk inoculated wth
bacteria and i ncubated after addition of selective broth at 25 and

30
Pseudosel
C~C broth DN broth Psgkjgtors]el W-b[ ﬁg[}t
cetrimde
25 30 25 30 25 30 25 30
B. circul ans >10 >10 >10 >10 >10 >10 >10 >10
S. aureus >10 >10 >10 5.5 >0 >10 1.5 0.5
E faecalis >10 >10 >10 0.5 >0 >10 0.5 0.5
Lact ococcus sp. >10 >10 0.5 0.5 >0 >10 0.5 0.5
E coli >10  >10 0.5 0.5 0.5 05 05 0.5
E aerogenes 0.5 0.5 0.5 0.5 0.5 05 05 0.5
K. pneunoni ae >10 >10 0.5 0.5 0.5 05 05 0.5
P. fl uorescens 1.5 0.5 1.5 0.5 1.5 05 15 0.5
P. fluorescens. 0.5 0.5 0.5 0.5 1.5 05 15 0.5
P. putida 0.5 0.5 0.5 0.5 15 05 15 0.5
resazurin
3 Pseudosel
DN
aC (Tabl e
3 4.
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Pseudosel DAN 25

resazurin 30
pl ate count agar
(Table 5). DAN
A B, D
resazurin
Pseudosel A B CD
resazurin
Baci | | us . Pseudosel
Baci | | us
resazurin

Tabl e 5. Resazurin reduction tine of narket mlk

Sanpl e DN brot h Pseudosel broth
P ant Ti ne Gam Tine G am

(hour) st ai ni ng (‘hour) stai ni ng

1 A 0.5 - rods >10

2 A 0.5 - rods 3.5 - rods

3 A 0.5 - rods 2.5 - rods

4 A >10 0.5 + rods

5 B 6.5 nd 2.5 + rods

6 B 3.5 + cocci >10

7 B 5.5 nd 5.5 + rods

8 B 7.5 nd 0.5 + rods

9 B 5.5 + cocci 2.5 + rods

10 C >10 0.5 + rods

11 C >10 0.5 nd

12 C >10 >10

13 C >10 >10

14 D 9.5 nd >10

15 D 8.5 - rods 4.5 - rods

16 D 5.5 - rods 5.5 - rods

17 E >10 >10

18 E >10 >10
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Table 6. ldentification of gram negative bacteria isolated from
market mlk

Srains A25-1 A25-2 A7
B- Gl act osi dase + + +
Argi ni ne di hydrol ase - - +

Lysi ne decar boxyl ase - - -
Qni thi ne decar boxyl ase - - -

Atrate utilization - - -
HS production - - -
U ease - - -
Trypt ophane desam nase - - -
[ ndol e producti on - - -
Acetoi n production + + +
Gel ati nase - - -
Fernent ati on

/ oxi dation of

Q@ ucose + + +
Manni t ol + + +
I nositol + + +
Sorbi t ol - - -
Rhammose + + +
Sucr ose + + +
Mel i bi ose + + +
Anygdal i n + + +
Ar abi nose + + +

Gyt ochr one oxi dase - - -
Ent erobacter Ent er obact er Ent er obact er

Identification N
aggl onerans 4 aggl onerans 4 sakazaki i

Pseudosel 25 18 (Tabl e 5)
7 10 API
20E ki t (Table 6 7). A 25
(Table 5) A25-1 A25- 2
Ent er obact er aggl oner ans 7 10
A7 Ent er obact er
sakazaki i (Tabl e 6). D 25
D25  Pseudononas sp.
7 10 Dr-1
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Dr-2  Aerononas sal noni ci da Dr-3
(Table 7).

Table 7. ldentification of gram negative bacteria isolated from
market mlk

Strains 25 Dr-1 Dr-2 Dr-3
B- Gal act osi dase - - - -
Argi ni ne di hydrol ase + - - -

Lysi ne decar boxyl ase - - - -
Qni t hi ne decar boxyl ase - - - -
Gtrate utilization - - - -
HS production - - - -
U ease - - - -
Trypt ophane desam nase - - - -
[ ndol e producti on - - - +
Acetoi n production + - - -
Gel ati nase - + + +
Fer nent at i on/ oxi dati on

of
Q ucose - - - -
Manni t ol - - - -
I nositol - - - -
Sorbi t ol - - - -
Fhamose - - - -
Sucr ose - - - -
Mel i bi ose - - - -
Anygdal i n - - - -
Ar abi nose - - - -
Gyt ochr one oxi dase - + + +
N trate production

Reduction to N gas + - - +
Mtility + + + +
McConkey medi um + - - -
Fermentation of gl ucose - + + -
(i dation of gl ucose - + + -

o ) Pseudononas Aer ononas Aeromonas N 0 t
Identification o . . .
sp. sal noni ci da sal noni ci da i denti fed
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25 resazurin
7
DN Pseudosel
Baci I | us
cetrimde, crystal violet sodi um desoxychoat e
Baci | [ us
crystal violet sodi um desoxychol at e Pseudosel
resazurin (Table 8).

Tabl e 8. Resazurin reduction

tinme of market mlk incubated at 25

after addition of Pseudosel broth added wth crystal violet and
sodi um desoxychol at e
Desoxychol at e
B ant ad d:\}tai on (i/riyoslt e%l Desoxychol at e antfl icc;IyeSit al SPC
Tire Gan Tire Gam Tine Gam Tire Gam U
(hr) stan (hr) stan (hr) stain (hr) stain
A 0.5 +rod 1.5 +rod >10 >10 5, 000
A 0.5 +rod 0.5 +rod >10 >10 1, 500
A 15 +rod 2.5 +rod >10 >10 9.700
A 15 +rod >10 >10 >10 6, 600
B >10 >10 >10 >10 >25
B >10 >10 >10 >10 >25
B >10 >10 >10 >10 >25
B >10 6.5 +rod 2.5 - rod >10 2, 900, 000
Pseudosel crystal violet Pseudosel
Baci I [ us B 250
sodi um desoxychol at e Pseudosel
(Table 8). 10
7 10°CFU
2
. Cetrimde sodi umdesoxychol at e
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Pseudononas

4.
2
Met hyl ene bl ue
Pseudononas
resazurin .
cephal ori di ne-fuci di ne-cetri m de(CGFQ , dairy
gramnegat i ve( DA\ , Pseudosel . GC
Escherchia col i Kl ebsi el | a pneunoni ae
, DAN Entercoccus faecalis
Lact ococcus sp. . Pseudosel
DAN Pseudosel
resazurin
Pseudosel desoxychol ate
2

Ent erobacter aggl onerans, Enterobacter sakazakii,
Pseudononas sp. Aerononas sal noni ci da
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5 2 Resazurin

SUMVARY

Resazurin reduction time test consisting of prelimnary
incubation of nmarket mlk with SGTS broth was studied to apply to
detection of post-pasteurization of narket nmlk produced in
different nonths. Gampositive bacteria did not grow SG TS agar but
gramnegative bacteria did. Al of the bacteria isolated from
resazurin reduction tine test were gram negative bacteria, which
showed that SGTS nedium was reliable for wusing in resazurin
reduction tine test to detect post-pasteurization contamnation of
market mlk. Resazurin reduction tine test and bacteria nunber of
narket mlk after cold storage in My, June and Septenber after
were highly related each other but not in July and Autum.
Pseudononas was the nost frequently identifed gramnegative bacteria
of all isolated from the market nilk after cold storage.
Aci net obacter and Aerononas fol | oned. Acinetobacter, Pseudononas and
Enterobacter were frequently identified in resazurin reduction tine
test where prelimnary incubation of mxture of skimmlk and SGTS
medi umwas done at 21

(Key words; Market mlk, Gamnegative bacteria, Post-pasteurization
contam nation, Resazurin reduction tine)

(2 )

(Bishop Wiite, 1986; IDF, 1993). 2
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18 21
(Wite , 1993)

(Byrne , 1989b; Phillips , 1984) Bactoneter

(B shop , 1984; Bossuyt \Wes, 1983, M sser de Goote,

1984) ATP- bi ol um nescence (Waes  Bossuyt, 1982)
2 .
Langevel d (1976) 24 25
benzal koni um chl ori de streak 30 24
Byr ne (1989a)
benzal koni um chl ori de nutrient broth

dai ry gramnegative(DQ\ 1:1 21 18

sodi um desoxycholate  cetrinide
trypticase soy broth(SGTS )
SG TS

Table 1. The bacterial strains and their optinmum incubation
tenperature used in the study

Bacteria Sour ces

Baci | | us coagul ans KCTC 1015
Baci | l us circul ans KCTC 3347
St aphyl ococcus aur eus KCTC 1928
Ent er ococcus faecalis KCTC 3512
Escherichia coli KCTC 2441
Kl ebsi el | a pneunoni ae KCTC 2001
Ent er obact er aer ogenes KCTC 2190
Fl avobact eri um sp. KCTC 2480
Pseudononas fl uor escens KCTC 2344
Pseudononas fl uor escens KCIC 1767
Pseudononas puti da KCTC 1644
Achronmobacter |yticus KCTC 2336
Aci net obact er baunai i KCTC 2508
A caligens faecalis KCTC 2678
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(Tabl e 1). Pseudononas 26
30 24 2
trypt one-yeast extract-glucose broth

SG TS agar Trypticase soy agar (D fco) sodi um desoxychol ate
(0.259/ ¢) cetrimde(0.075g/ ¢) NPC agar plate
count agar(Difco) 10 (nisin

(10nmy/m ), penicillin G (20,000 unit/m), crystal violet (2ng/nm))
desoxychol at e- hydr ogen sul fi de-1 act ose(DH.) agar (Dai go,
Japan)  MacConkey agar (D fco)

Resazurin SG TS Trypti case
soy broth  sodi um desoxychol ate (0.5g/ £) cetrimde (0.15g/ ¢)
118 15 . MacConkey

peptone (17g/ ¢), Proteose peptone (3g/ ¢), lactose (10g/ ¢), bile
salts No. 3(Dfco) (1.5¢/ £), sodium chloride (5g/ ¢), crystal

violet (0.001g/ ¢) 121 15 .
DAN tryptone(20.0g/ ¢ ), yeast extract (20.0g/ ¢),
dextrose(4.0g/ ¢£), sodium desoxycholate (1.0g/ ¢), crystal
violet(0.0002 [/ ¢) 121 aut ocl ave

aC peptone(16.0g/ ¢), tryptone(10.0g/ ¢), KSO(10.0g/ ¢),
Md. - 60 1.4g/ ¢) gl ycerol (10.0 / ¢) 12
1 aut ocl ave aC

(cephaloridine(5 / ), fucidine(1 / ), cetrimde(l / )) 20

Resazurin
1 resazurin
50 nedi a
21 , 25 30 18
10 1 resazurin(55 [/ )
30 30 :
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250 medi a 200 7 10

APl 20E APl 20NE(bi oMeri eux sa)
notility test nedia

oxi dati on-fernentation High and Leifeon's O basal
nmedi um (MacFaddi n, 1980). ,
cyt ochrone oxi dase gl ucose fermentation/oxidation
APl 20E APl 20NE

NPC agar, DH. agar, MacConkey agar SGTS
agar streaking 26 30 NPC
agar DH. agar B. cereus E faecalis

MacConkey agar  SG TS agar
F avobact eri um sp. Achr onobact er
[ yticus .
100CFU plate count agar,
MacConkey agar  SG TS agar pl ate count agar
Maconkey agar  SG TS agar
(Tabl e 3). MacConkey agar Pseudononas 3
SG TS agar
. Aci netobact er baunai i SG TS agar
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Table 2. Gowh response of type culture of bacteria on selective

a g a r
. MacConkey SG TS
Bacteria NPC agar OH. agar
agar agar
B. coagul ans - - - -
B. cereus + - - -
S. aureus - - - -
L. invanovii - - - -
E feacalis - + - -
E coli - + + +
E aerogenes + + + +
K. pneunoni ae + + + +
F avobact eri um sp. - + - -
P. fl uorescens + + + +
P. fl uorescens + + + +
P. putida + + + +
A lyticus - - - -
A baunaii + + + +
A faecalis - + + +

Table 3. Ratio of bacterial count of gramnagative bacteria on
sel ective agar against bacterial count on plate count agar for
control

Bacteria MacConkey agar (% SG TS agar (%

E coli 107 = 40 140 + 34
E aerogenes 108 + 14 9% + 14
K pneunoni ae 118 + 44 110 £ 35
P. fluorescens 32 107 + 27
P. fluorescens 73 = 27 162 + 117
P. putida 26 + 45 400 + 369
A baunai i 83 + 43 29 + 45
A feacalis 67 + 20 101 = 1
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Table 4. GQowh response of gramnegative bacteria isolated from
market mlk with bacterial count nore than 10° after storage at 7
for 10 days

No. of culture with growth

Bacteria No. - of
culture crC agar SG TS agar MacConkey
agar
Pseudononas f | uor escens 7 7 7 7
Pseudononas puti da 3 1 2 2
Pseudononas chl or aphi s 2 2 1 1
Acinet obacter junii 2 1 1 0
Aci net obact er | wof fi 1 0 0 1
Aerononas hydrophi | i a 1 1 1 1
Moel | erel | a w scosensi s 1 0 1 1
Seratia ficaria 1 0 1 1
Tot al 18 12 14 14
7 10 10°CFU
(Table 17) CC agar, SGTS agar MacConkey agar
streaki ng (Table 4). OC agar
Pseudononas putida 3 2 Aci net obact er
[woffi 2 1 Aci net obacter Iwoffi,
Moel I erel la w sconsensi s Seratia flcaria
SG TS agar Pseudononas putida 3 1
Pseudononas chloraphis 2 1 Aci net obact er
chl oraphi s 2 1 Aci net obacter |woffi 1
MacConkey agar Pseudononas putida 3
1 Pseudononas chl oraphis 2 1
Aci net obacter junii 2 . GC
ent erobacteria Moel | erell a
W sconsensi s Seratia ficaria SGTS agar
MacConkey agar .
SG TS 21 , 25 30
resazurin 30 resazurin
2 . 7
10
5 11 9 3 (Table 5, 6, 7, 8 and
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9).

Table 5. Resazurin reduction tine after prelinmnary incubation wth
SG TS broth and bacterial count after storage at 7 for 10 days of
nmarket mlk produced in My 11, 1999

Resazurin reduction tine (hour) Bacteridl
Type M1k count
21 25 30 (CFU )

A >10 >10 10.5 4,900
B >10 4.5 9.5 470, 000

LTLT C >10 >10 9.5 4,200
D >10 >10 8.5 3,800
E 6.5 1.5 2.5 46, 000, 000
F >10 >10 >10 8, 100
G >10 >10 >10 <10
H >10 >10 >10 <10
| >10 >10 >10 <10
J >10 4.5 >10 9, 750, 000

UHT K >10 >10 >10 <10
L >10 6.5 1.5 3, 110, 000
M >10 >10 >10 12, 000
N >10 2.5 7.5 1, 200, 000
0] >10 >10 >10 110, 000
P >10 >10 >10 <10?
Q >10 >10 >10 <10°

Resazurin 10

2 .7 10
10°CFU
10°CFU 10
(Table 10 and 11).
Resazurin 10
(Tabl e 10).
30 10
68 100% ,
25 30

- 77 -



7 10 10°CFU
6 10% 5 9
40 60% 5,6 7
30% 10°CFU 8 50%
9 0%
10°CFU 10°CFU
(Tabl e 10).
Resazurin 10
10°CFU
4 (Table 11).
17 resazurin test 10
10°CFU 5
11
17
16 94%
resazurin
resazurin
5 6 9 92- 95% 7
7% 8 58% 7 8
Baci | | us
resazurin
(Tabl e 11).
Resazurin SG TS , DN
neutral red Maconkey (Table 8).
SG TS DN resazurin reduction tine
30 21 25 10
resazurin Maconkey 30
10 21 25
MacConkey 30 SG TS DN
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Tabl e 6. Resazurin reduction tinme and bacterial count after storage
at 7 for 10 days of market mlk produced in June 30th

Resazurin reduction tine (hour) Bacterial count

Type M| k

yP 21 25 30 ()
A >10 >10 9.5 6, 900
A >10 >10 9.5 4, 300
B >10 >10 5.5 <10
B >10 7.5 7.5 <10
C >10 >10 >10 1, 600
C >10 >10 >10 65, 000
D >10 7.5 >10 <10’
D 6.5 0.5 0.5 1, 700, 000

LTLT E >10 >10 >10 <10
E 7.5 7.5 >10 690, 000
F 4.5 0.5 0.5 25, 000, 000
F 55 1.5 1.5 <10
G >10 >10 6.5 <10
G >10 >10 3.5 <10
H >10 55 1.5 <10
H >10 55 1.5 <10
I >10 >10 >10 <10’
I >10 >10 >10 <10’
J 9.5 3.5 3.5 38, 000, 000
J 9.5 3.5 3.5 44, 000, 000
K >10 >10 >10 2,700
K >10 >10 2.5 <10
L >10 7.5 >10 <10’
L >10 7.5 >10 <10’
M 9.5 1.5 2.5 26, 000
M >10 9.5 1.5 11, 000, 000

UHT N 7.5 1.5 1.5 71, 000, 000
N 7.5 1.5 1.5 53, 000, 000
o >10 9.5 >10 <10
o >10 >10 >10 <10
P >10 >10 >10 <10’
P >10 >10 >10 <10’
Q >10 >10 >10 <10°
Q >10 >10 9.5 <10’
R 55 1.5 1.5 37, 000, 000
R 6.5 1.5 1.5 52, 000, 000
S >10 >10 3.5 <10
T 7.5 1.5 1.5 1, 600, 000
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Table 7. Resazurin reduction tinme and bacterial count after storage
at 7 for 10 days of market mlk produced in July 29, 1999

Bacterial count

Type MIlk 21 25 30
(U )

A >10 >10 0.5 15, 000
A >10 3.5 >10 16, 000
B >10 9.5 5.5 10, 000
B >10 >10 2.5 12, 000
C >10 >10 7.5 30, 000, 000
C >10 >10 0 20, 000

LTLT C >10 >10 10.5 43,000
D 7.5 4.5 0.5 18, 000
D >10 >10 0 11, 000
F 7.5 7.5 3.5 18, 000
F 1.5 1.5 0 110, 000
G >10 >10 >10 11, 000
G >10 >10 2.5 14, 000
H 4.5 0.5 0 <100
H 2.5 0.5 0 18, 300
I >10 8.5 >10 <100
I >10 >10 1.5 <100
J 0.5 0 0 22,000, 000
K >10 >10 >10 <100

UHT K >10 >10 7.5 <100
L 1.5 0 0 <100
L >10 >10 >10 8, 600
L 1.5 05 0 6, 400, 000
M >10 >10 >10 <100
M >10 >10 >10 <100
N >10 8.5 >10 <100
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Tabl e 8. Resazurin reduction tinme and bacterial count after storage
at 7 for 10 days of market mlk produced in August 11, 1999

Resazurin reduction tine (hour) Bacteri al
Type Mk SGTS broth DAN broth MacConkey broth — count
21 25 30 21 25 30 21 25 30 (U )

A >10 >10 >10 >10 >10 >10 >10 >10 >10 3,700

A 0.5 0.5 05 05 15 05 25 25 25 250, 000

B >0 >10 5.5 >10 >10 4.5 >10 >10 >10 2, 700, 000
LTLT B >0 >10 3.5 >10 >10 5.5 >10 >10 >10 50, 000

C 2.5 >0 2.5 >10 3.5 25 35 >10 >10 3, 700

C 25 35 0.5 35 15 1.5 35 45 35 300, 000

D >10 >10 4.5 >10 >10 55 >10 >10 >10 4,700

J 25 1.5 0.5 25 25 00 35 45 25 22000, 000

E 1.5 1.5 1.5 2.5 25 0.5 35 45 1.5 <100

F >0 >10 2.5 >10 >10 2.5 >10 >10 >10 9, 300, 000

F 5.5 55 2.5 55 55 1.5 85 >10 3.5 1, 200, 000

G >0 >10 >10 >10 >10 >10 >10 >10 >10 66, 000
LT G >10 >10 >10 >10 >10 >10 =>10 >10 >10 1, 600

G 8.5 >0 2.5 6.5 7.5 25 7.5 6.5 4.5 <100

H >0 >10 5.5 85 7.5 0.0 >10 >10 >10 2, 800, 000

H >]10 >10 >10 >10 >10 >10 >10 >10 >10 900

I >0 3.5 >10 >10 >10 4.5 2.5 >10 >10 4, 300, 000

I >10 >10 >10 >10 85 >10 >10 >10 >10 230, 000

J >10 >10 >10 >10 85 >10 >10 >10 >10 <100

SGTS DGN 30 resazurin
SGTS
DAN
DAN
DGN
resazurin
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Table 9. Resazurin reduction tinme and bacterial count after storage
at 7 for 10 days of nmarket mlk produced in Septenber 3, 1999

Resazurin reduction tine (hour) Bacteri al
Type M1k SG TS broth OFC Broth count
21 25 30 21 25 30 (U )
A 6.5 >10 2.5 >10 7.5 >10 22, 000, 000
A 6.5 1.5 0.5 >10 3.5 10.5 14, 000, 000
LTLT A >10 10.5 6.5 >10 >10 >10 4,000
A >10 3.5 2.5 >10 >10 >10 4, 400
A 6.5 1.5 0.5 >10 5.5 >10 2, 000, 000
B >10 >10 >10 >10 >10 >10 <100
B >10 >10 >10 >10 >10 >10 <100
B >10 6.5 >10 >10 >10 >10 <100
B >10 >10 5.5 >10 >10 >10 <100
B >10 10.5 >10 >10 >10 >10 <100
CcC >10 >10 >10 >10 >10 >10 <100
CcC >10 >10 >10 >10 >10 >10 <100
UHT CcC >10 9.5 10.5 >10 >10 >10 <100
C b5.5 7.5 2.5 >10 >10 >10 <100
CcC >10 >10 >10 >10 >10 >10 <100
D >10 9.5 1.5 >10 >10 >10 <100
D >10 7.5 >10 >10 >10 >10 <100
D >10 >10 4.5 >10 >10 >10 <100
D >10 >10 3.5 >10 >10 >10 <100
D >10 >10 2.5 >10 >10 >10 <100
Resazurin SGTS CC
(Table 9). SGTS 21
resazurin
10°CFU
resazurin 21
1 7 10
100CFU
CC 25 10
10°CFU
10
CcC Pseudononas Ent er obact er
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Aer ononas
Aci net obact er . OFC SCGTS

Table 10. The percentage of narket mlk which had resazurin
reduction tine less than 10 hour after prelimnary incubation wth
SG TS broth and the percentage of narket milk wth bacterial count
nore than 10° and 10° CGFU  after storage at 7 for 10 days

Resazurin reduction tine Bacteria Bacterial

M g. Tvoe 2? <10 hour (% count count
date 'YP Ak >10°CEU >10°CFU
21 25 30 (% (%

LTLT 5 20 40 100 40 20
May 11

W 12 0 25 17 33 25

LTLT 16 25 50 69 19 13
Jun 30

WHT 23 35 52 52 35 35

LTLT 13 23 38 85 15 7
Jul 29

WHT 19 37 58 53 26 21

LTLT 7 42 29 86 43 14
Aug 11

W 12 33 33 50 50 42

LTLT 5 60 80 100 60 60
Sep 3

WHT 15 20 40 46 0 0
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Tabl e 11. dassification of narket m|k based on resazurin reducti on
tinme and bacteria count

Resazurin reduction tine

M No. of Tenpernature /| Bacterial count’ MIK with
9 : In - (No. of milk) sane
date mlk resazurin f esponse
test Wt H- <l - P
May 11 17 25 5 0 1 11 94%
Jun 30 39 21 11 2 1 25 92%
Jul 29 26 21 3 5 1 17 7%
Aug 11 19 21 4 3 5 7 58%
Sep 3 20 21 3 1 0 16 95%
* Resazurin reduction time less than 10 hour : + , Resazurin
reduction time nmore than 10 hours : -, Bacteria count nore than
10°CFU  : /+, Bacterial count less than 10°CFU  : /-
1999 6 8 7 10
10° QrU APl
20E APl 20NE (Table 12, 13, 14, 15, 16).
(Tabl e 17).
A D E 6 7 8
B 6
D
A E A
28 2
. APl 20E APl 20NE 26 14
Pseudononas 50%
Aci net obact er Aer ononas B 3
Aer ononas Enter obacteri a Moel | erel | a
W sconsensis, Seratia ficaria 1 3
23 .(Table 17)
A D
C E Pseudononas B Pseudononas
chl oraphis 1 3
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Table 12. Identification by using APl 20NE of gramnegative bacteria
isolated frommarket mlk stored at 7 for 10 days

TESTS A28A7 A29A7 AAOAT A24B7 AL1CTB AL2C7Y A12CTW

Reduction of nitrate - - - - + - -
I ndol e prodution - - - - - - -

d ucose acidification - - - - - - -

Argini ne di hydrol ase + + - - + - -
U ease - - - - - - -
B- @ ucosi dase - - - - + + -
Pr ot ease - + - - + + -
B- Gal act osi dase - - - - - - +

Assiml ation of

A ucose + + - - + - +
Arabi nose + + - - - - -
Mannose - + - - - - -
Manni t ol - + - - - - -
N-acetyl -gl ucosanine - + - - + - -
Mal t ose - - - - + . +
A uconat e + + - - + - -
Caprate + + + + - - -
Adi pat e - - + - - - -
Mal at e + + + + + - -
Gtrate + + - + + - .
Phenyl - acet at e - - + - - - -
Gyt ochrone oxi dase - + - - + + +
I dentification Pp P A A As nd Pv

" Pp: Pseudononas putida, Pf: Pseudononas fl uorescens,

A : Acinetobacter Iwoffii, A : Acinetobacter junii/johnsonii,
As : Aerononas sal noni cida ssp. sal nonicida, nd: Not deternned,
Ps : Pseudononas vesicul ari s
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Tabl e 13. Identification by using APl 20NE of gramnegative bacteria
isolated frommarket mlk stored at 7 for 10 days

TESTS B36A7A B36A7/B B37A7 B29B7 (28B7 Cl8C7

Reduction of nitrate - - - - - +
I ndol e prodution - - - - - -

QJ ucose acidification - - - - - -

Argi ni ne di hydrol ase - - - - + -
U ease - - - - - -
B- @ ucosi dase + + + - - -
Pr ot ease + + + - + -
B- Gal act osi dase + + + - - -

Assiml ation of

d ucose + + + + + +
Ar abi nose - - - + n +
Mannose - - - + + +
Manni t ol + + + + + +
N acet yl - gl ucosam ne + + + + + +
Mal t ose + + + - - -
d uconat e + + + + + +
Caprate - - - + + +
Adi pat e - - - - - -
Ml at e - - - + + +
Gtrate - - - + + +

Phenyl - acet at e - - - - - -
CGytochrone oxi dase + + - - - +

| dentification nd nd nd Pc Pa Pf

" nd: Not determned, Pc: Pseudononas chl oraphis,
Pa: Pseudononas aur eof aci ens, Pf: Pseudononas fl uorescens
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Table 14. Identification by using APl 20NE of gramnegative bacteria
isolated frommarket mlk stored at 7 for 10 days

TESTS CBA7 DIOA7A DILOA’B  [BB7 D11B7
Reduction of nitrate - - - + -
I ndol e prodution - - - + -
Q ucose acidification - - - + -
Argini ne di hydrol ase + + + - -
U ease - - - - -
B- @ ucosi dase - - - + -
Prot ease + - - + -
B- Gal act osi dase - - - + -

Assiml ation of

A ucose + + + + .
Ar abi nose + - - + -
Mannose + + + + -
Manni t ol + - - + .
N acet yl - gl ucosam ne + - - + -
Mal t ose - - - + .
d uconat e + + + + -
Caprate + + + + +
Adi pat e - - - - +
Ml at e + + + + +
Gtrate + + + - +

Phenyl - acet at e - - - - -

CGytochrone oxi dase + - + + -

| dentification Pf Pp P An A

" Pf: Pseudononas fluorescens, Pp: Pseudononas putida,
Ah: Aerononas hydrophilial/caviae, A: Acinebacter junii/johnsonii,
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Tabl e 15.1dentification by using AP 20NE of gramnegative bacteria
isolated frommarket mlk stored at 7 for 10 days

TESTS E20A7  E21A7  E15B7  E18B7 E9C7

Reduction of nitrate - - - - -
I ndol e prodution - - - - -

QJ ucose acidification - - - - -

Argi ni ne di hydrol ase + + + + +
U ease - + - - -
B- @ ucosi dase - - - - -
Pr ot ease + + + + +
B- Gal act osi dase - - - - -

Assiml ation of

d ucose + + + + +
Ar abi nose + + + + +
Mannose + + + + +
Manni t ol + + + + +
N acet yl - gl ucosam ne + + + + +
Mal t ose - - - - -
d uconat e + + + + +
Caprate + + + + +
Adi pat e - - - - -
Ml at e + + + + +
Gtrate + + + + +

Phenyl - acet at e - - - - -
CGytochrone oxi dase + + + + +
| dentification P P P Pf P

* Pf: Pseudononas fl uorescens

- 88 -



Table 16. Identification by using APl 20E of gramnegative bacteria
isolated frommarket mlk stored at 7 for 10 days

Test s A2TA7 DAL2A7 D3C7
B- Gal act osi dase + + +
Argi ni ne di hydrol ase - + -

Lysi ne decar boxyl ase - - -
QO ni thi ne decar boxyl ase - - -

Gtrate utilization - - +
HS production - - -
U ease - - -

Trypt ophane desam nase - - -
[ ndol e production - - -
Acetoi n production + - +
Gel ati nase - - +

Fernent ati on/ oxi dati on of

A ucose + + +
Manni t ol - + +
I nositol - - +
Sor bi tol - - -
Rhammose - - +
Sucr ose + + +
Mel i bi ose + - -
Anygdal i n - + +
Ar abi nose - + +

Gyt ochrone oxi dase - - -

N trate production - + +
Reduction to N gas - - -
Mtility nd nd +
M Gonkey medi um - + +
Ferment ati on of gl ucose + + +
xidation of glucose + + +
I dentification My nd S

* Mu Mellerella wiscosensis, Sf: Seratia ficaria,
Nd : not determ ned
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Table 17. Bacteria isolated from narket

mlk which had bacterial

counts more than 10°CFU after storage at 7 for 10days

Market ml k

Bacteria A B C D E Tot al
Pseudononas f | uor escens 1 1 2 9
Pseudononas puti da 1 1 2
Pseudononas aur eof aci ens 1 1
Pseudononas chl or or aphi s 1 1
Pseudononas vesi cul ari s 1 1
Acinet obacter junii/johnsonii 1 1 2
Aci net obacter |woffii 1 1
Aerononas hydr ophi | i a/ cavi ae 1 1
Aerononas sal noni cida ssp. salnonicida 1 1
Moel | erel | a w scosensi s 1 1
Seratia ficaria 1 1
Not det erm ned 1 3 1 5
SGTS 21 18 resazurin
10
25 21
(Table 18, 19, 20, 21). 7 Aci netobacter, 5
Pseudononas, 4 Ent er obact er, Chryseononas

luteol a, K ebsiella oxytosa, Sphnon. paucionobilis 1
2 . Enterobacteria

Ent er obacter 3 , Klebsiella oxytosa Sphrmon. pauci onobi i s
1 5
(Table 22). 7
Pseudononas Ent er obact er
SG TS
2
21
resazurin 7
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Tabl e 18. Identification by using APl 20NE of gramnegative bacteria
isolated from market mlk which was mxed wth SGTS broth and
incubated at 21 for 18 hours

TESTS A26A21 A28A21A A28A21B B36A21 B37A21 B32B21A
Reduction of nitrate - + + - - -
I ndol e prodution - - - - - -
Q ucose acidification - + - + + -
Argi ni ne di hydrol ase - - - - - +
U ease - - - - - -
B- @ ucosi dase - + - - - -
Pr ot ease - - - - - +
B- Gal act osi dase - + - - - -
Assimlation of
d ucose - + + + + +
Ar abi nose - - + + + +
Mannose - - - - - +
Manni t ol - + + - - +
N-acet yl - gl ucosani ne - + - - - +
Mal t ose - - + - - -
A uconat e - - + - - +
Caprate + + + + + +
Adi pat e - - + + + .
Ml at e + + + + + +
dtrate + + - + + +
Phenyl - acet at e - + - + + -
Gyt ochrone oxi dase - - + - - -
I dentification A nd Ps Ab Ab Pa

* A; Acinetobacyter junii/johnsonii, Ps: Pseudononas stutzeri, Ab.
Aci net obacter baumaii, Pa: Pseudononas aur eof aci ens
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Table 19. Identification by using APl 20NE of gramnegative bacteria
isolated from market milk which was mxed wth SGTS broth and
incubated at 21 for 18 hours

TESTS DIOAIA DIOA21B DA DI2IA DIRIB DBl 21421
Reduction of nitrate - - - + - - -
I ndol e prodution - - - - - - -
Q ucose acidification - - - + - - -
Argi ni ne di hydrol ase + + - - - + +
U ease - - - - - - -
B- @ ucosi dase - - - + - - -
Prot ease - - - - - - +
B- Gal act osi dase - - - + - - -

Assiml ation of

d ucose + + + + + - +
Arabi nose + - - + + - +
Mannose + + - + - - +
Manni t ol + - - + - - +
N-acetyl -gl ucosanine - - - + - - +
Mal t ose - - - - - - -
A uconat e + + - + - - +
Caprate + + + - + + +
Adi pat e - - - - + - -
Ml at e + + + + + + +
dtrate + + - + + + +
Phenyl - acet at e - - - - + - -
Gyt ochrone oxi dase + + - - - + +
I dentification Pf Pp A a Ab nd Pf

Pf: Pseudomonas fluorescens, Pp: Psuedononas putida, A:
Acinetobacter junii/johnsonii, d: Chryseononas luteola, Ab:
Aci net obacter baunaii, nd: not determ ned
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Table 20. Identification by using APl 20E of gramnegative bacteria
isolated from market mlk mxed wthe cetrimde-deoxycholate broth
and incubated at 21 for 18 hours

Tests A24B21  B32B21B  B37A21 cismwel

B- Gal act osi dase - + - +
Argi ni ne di hydrol ase - - - -
Lysi ne decar boxyl ase - - - -
QO ni thi ne decar boxyl ase - - - +
Atrate utilization - - - -
HS production - - - -
U ease - - - -
Trypt ophane desam nase - - - -
[ ndol e production - - - -
Acetoi n production - + - +
CGel at i nase - + - -
Fernent ati on/ oxi dati on of

A ucose + - + +
Manni t ol - - - +
[ nosi t ol - - - -
Sor bi t ol - - - +
Rhammose - - - +
Sucr ose - - - +
Mel i bi ose + - + +
Anygdal in - - - +
Arabi nose + - + +
Gyt ochrone oxi dase - - - -
N trate production - - - +
Reduction to N gas - - - -
Mtility nd nd nd nd
M Gonkey nedi um + + + nd
Ferment ati on of gl ucose + + + +
xidation of glucose + + +
I dentification As S As =1

* As: Acinetobacter sp., Sp: Sphnon. pauci omobilis,
B : BEnterobacter internedius
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Table 21. Identification by using APl 20E of gramnegative bacteria
isolated from market mlk mxed wthe cetrimde-deoxycholate broth
and incubated at 21 for 18 hours

Test s 8B21 [P3A21A EI8B21A  E18B21B
B- Gal act osi dase + + + +
Argi ni ne di hydrol ase + - + +
Lysi ne decar boxyl ase - - + -
Q ni t hi ne decar boxyl ase + + - +
Gtrate utilization + - + +
HS production - - - -
U ease - - + -

Trypt ophane desam nase - - - -

I ndol e production - - + -
Acetoi n production + - - +
Gel ati nase - - - -

Fernent ati on/ oxi dati on of

A ucose + + + +
Manni t ol - + + +
[ nosi t ol - - + -
Sorbi tol + + + -
Rhamose + + + +
Sucr ose + + + +
Mel i bi ose + + + +
Anygdal in + + + +
Arabi nose + + + +
Gyt ochrone oxi dase - - - -
N trate production + + + +
Reduction to N gas - - - -
Mtility nd + nd nd
M Gonkey nedi um + + + +
Ferment ati on of gl ucose + + + +
xidation of glucose + + + +
I dentification Ec = Ko Es

" Ec: Enterobacter cloaceae, E: Enterobacter internedius,
Ko: K ebsiella oxytosa, Es: Enterobacter sakazaki i
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Tabl e 22. Bacteria isolated fromnarket ml k which incubated at 21

for 18 hours after adding SGTS broth

) Market ml k
Bacteria Tot al
B C D
Aci net obact er baunai i 2 1 3
Acinet obacter junii/johnsonii 1 2
Aci net obacter sp. 1 2
Pseudornonas f | uor escens 1 1 2
Pseudormonas aur eof aci ens 1 1
Pseudononas puti da 1 1
Pseudoronas st ut zeri 1
Ent er obact er cl oacae 1
Ent er obact er i nt er medi um 1 2
Ent er obact er sakazaki i 1 1
Chryseononas | ut eol a 1 1
Kl ebsi el | a oxytosa 1 1
Sphnon.  pauci onobi | i s 1 1
Not det erm ned 1 2
4,
SG TS resazurin
2
SG TS agar
SG TS 21 , 25 30 resazurin
5 6 9
resazurin
7
resazurin
10°CFU
Pseudornonas 50%
Aci net obacter  Aerononas 21 G TS
Aci net obact er, Pseudononas Ent er obact er
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6 16S rDNA° PR

SUMVARY

A nethod to detect gramnegative bacteria up to 2 CFU was
devel oped by using PCR-anplication of 16S rDNA PR wth priner
pairs of QW1 and G\R2, NV and O\R2, and G\F2 and G\R2 anplified
16S rDNA from purified DNA of Pseudononas fluorescnes but not
Ent erococcus faecalis. 16S rDNA was anplified from LTLT- past euri zed
mlk and UHT-pasteurized mlk by using sem-nested PCR 16S r DNA was
anplified from LTLT-pasteurized mlk which was added wth P
fluorescens and heated at 65 , 80 , 100 for 30 mn but not from
that autoclaved at 121  for 15mn. 16s rDNA was anplified from
gramnegative bacteria except Achronobacter |yticus and A caligens
faecalis but not fromgrampositive bacteria.

(Key words ; PCR 16S rRNA, G amnegative bacteria, Mirket nilk)

1.
2
PCR
DNA

Pol ynerase chain reacti on(PCR

pri ner DNA
. PR

nested PCR (Her man, , 1995 PR Li gase Chai n

Reaction (LR (Wednann, 1992, Wedmann, 1993) Nucleic Acid

Sequence- Based Anplication (NASBA) (Uyttendael e, 1995)
PR

PCR pri mer DNA
primer
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. Listeria
nonocyt ogenes prfA hlyA (listeriolysin

0 pl cC (phospholipase § DNA PCR
(Gooray , 1994). PCR
Yersinia enterocolitica (Rasmussen , 1995)
Sal nonel | a typhi (Hashinoto , 1995)
R bosonal RNA
(Wes, 1987).
16S rRNA ol i gonucl eot i de
hybri di zati on PCR pr obe pri ner
archaebacteria, eubacteria, eucaryote,
(@ ovannoi , 1988, Qeisen
, 1993). pri ner
16S rR\A
PR
. 70 Legi onel | a
pneunophi | i a PCR DNA
(Bej , 1991). DNA
2
PCR DNA
PCR PCR
2.
Lact ococcus  sp. Chr. Hansen's
( Benmar k) (R 703)
(Tabl e 1). Pseudononas
26 30 24 2
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Table 1. Bacteria used in the study

Bacteria Sour ces
Baci | | us cereus KCTC 1013
St aphyl ococcus aur eus KCTC 1928
Ent er ococcus faecal i s KCTC 3512
Lact ococcus sp. Chr. Hansen's R 703
Escheri chia coli KCTC 2441
Kl ebsi el | a pneunoni ae KCTC 2001
Ent er obact er aer ogenes KCTC 2190
Pseudononas f | uor escens KCTC 2344
Pseudononas f | uor escens KCTC 1767
Pseudononas puti da KCTIC 1644
Achromobacter |yticus KCTC 2336
Aci net obact er baunai i KCTC 2508
Al kal i gens faecalis KCTC 2678
DNA
Versalovic  (1991) genom ¢ DNA
. Tryptic soy agar 24

PBS . 7,000r pm 10

1 IM Nad 50nM TE (50nM
Tris, 50nM EDTA pH 7.8) 0.45 10nv
TE (10mM  Tris, 1nM EDTA pH 7.8) 25
mut anol ysi n(5,000 unit/  10nM TE ) 25 R\ase A(6ng/ m 10nM
Tris, 15nM Nad, pH 7.8) 37 1 . 30
SDS(109% 30 protei nase K(10nmy/ m, 10nM TE ) 55

2 . Phenol (0.4 )
1 .
phenol chloroforn{0.4 ) 2 .
10nM TE 0.4 40 3M sodi um
acetate(pH 5.2) 0.8 et hanol -2
0 2 . 2
DNA 70% et hanol

10nM TE . DNA
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R\ase A proteinase K 6 phenol chl or of orm

3M sodi um acetate(pH 5. 2) et hanol DNA
DNA
D\A 3
Boi | i ng . 1
10,000 x g . 200 TE
buffer(10MM Tris, pH 8.0 1nM EDTA) . 15
4 PCR
lysis buffer . 1
10,000 x g 5 . 200
lysis buffer(2% triton X100, 1% SDS, 100nM Nad, 1nM EDT, 10nM
Tris, pHB.0) vort ex . Phenol : chl or of ormi soanyl
al cohol (25:24:1) 200 10 vort ex 5
. 600 et hanol 20 3M
sodi um acet at e vort ex . 70% et hanol
50 4
PCR .
bead beat er . 1
200 lysis buffer, 200
phenol : chl rof or mi soanyl al cohol (25: 24: 1) 0.3g gl ass
bead(0.45 0.52 nicron) . Bead beater 2
5 . 600 et hanol
20 3M sodi um acet at e vort ex 10
70% et hanol 50
.4 PCR
UHT- LTLT- 1 10,000 x g 10
1 PBS 200 TE buf f er
100 5 4 PCR
P. fluorescens
LTLT- 1 10°CFU  P. fluorescens .10, 000
X g 10 1 PBS
200 TE buffer . 01U 11U 5U  DhNase(Boehri nger
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Mannahei ) 37 1 . 100
15 4 PR

PCR

PCR 25 PR 50mM Tris, pH 8.3, 10nM KA,
1.5nM MyA 2, 200 M dNIP, 1U Taq pol ynerase, 100nM pri ner 100ng
DNA 4 . Perkin-Hner thernal
cycl er 9 5 94 1, 62
1 72 2 1 cycle 35 cycle

72 3 4 .

Seni -nested PCR 1
PCR GVl QR priner 2 PR ar2 awr
pri ner . 2 PR 30 cycle .

PCR DNA  2%agarose gel, 1xTAE buffer, 70V

DNA et hi di um br om de
1.
16S rDN\NA
ol i gonucl eot i de
pri ner
ol i gonucl eot i de (Table 2).
pri ner GFl QG\Ww2
NV
pri ner . pri ner AR
i nosi ne

A1, QG\W2 NV forward prinmer AQ\R2  reverse priner
Pseudononas fluorescens Enterococcus faecalis

DNA  tenplate DNA PCR (Fig.
1). P. fluorescens PCR DNA . QW1
AR PCR 1,150bp DNA A2 AR
PCR 180bp DNA NV QAR
PCR 170bp DNA . E faecalis
pri mer PCR
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Table 2. Gramnegati ve bacteri a-specific nucl eoti de sequences of
priner oligonucl eotides based on 16S r DNA

Pri ner Nucl eoti de sequence of 16S rDNA
Al 41 G3CAQ Q0 TTAACACATGZAA 60
(f owar d)
a\F2
1024 AGGTGCTGCATGECTGICG 1032
(forward)
NV
1029 GICGTCAGCTGGTGIOGIG 1047
(f orward)
AR
1203 GTAAGE3OCA GTGATGACTAG 1194
(reverse)

* Gamnegative bacteria : Escherichia coli, Enterobacter aerogenes,
Kl ebsi el | a pneunoni ae, Acinetobacter sp., Acinetobacter johnsonii,
Aerononas sp. Havobacterium breve, Pseudononas fl uorescens,
Pseudononas aer ugi nosa, Pseudononas sp.

* Gampositive bacteria : Saphyl ococcus aureus, Bacillus subtilis,

Gram-negative [GNF2-GNR2)

2645
1605
1198

676

460
350

222w
179 ¥

M A B CDEF
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P. fluorescens PBS boi l'i ng ,

lysis bead beat er DNA PCR
. PCR 2x10°CFU, 2x10'CFU, 2 x 10°CFU
2CGFU DNA pri ner €\ il
MDD 1n° hai 1 nA MIA
RAPID-PCR

2645

1605
1198

676
517

350

M ABCDEFGHI J KLN

tenpl ate QW2 QR priner sem-nested PR
(Fg. 3). boi | i ng 2x10°CFU
2CFU DNA bead beat er 2%
10°CFU  2x 10°CFU DNA . 2x10°CFU
1200bp  600bp DNA
2 2
sem - nested PCR 4 16S rDNA

(Fig. 4). P. fluorescens 65 , 80
100 30 DNA . 121 15

aut ocl ave DNA
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ed 16S
beat er

11CL 11IVU. rny

HTLIIVU AU 1 yO1 9 MUl 1 Gl LUUUNM T auust ;L [ and E,

1500
1000

Hoo g
o0

'y . q Hiosae wa e —— o

15mn; J, not heated; K water(control) in sem nested PCR L,
water(control) in 2nd PCR
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1 P. fl uorescens 65 30

PBS TE buf fer 0.1U, 1U
5U Dhase 37 30 95 15
sem-nested PCR  16S r DNA (Fg. 5). ,
10°CFU  P. fluorescens 65
DNA DNA 65
30 DNA .
Dh\ase 0.1U [Dnbase DNA
1U 5U Dh\ase DNA
0.1U 1U DNA 5U .
65 30 P. fluorescens
DNA P. fluorescens Dh\ase
P flinorecrencg MA

1500

1000

500

200

11 Y. Y. My VoL Yl U1 LULITUNIIVE LOT O UL DU TILOL LU 1T Y U 1T LU avY

rDNA of P. fluorescens heated at 60 for 30nmn and treated with
DNAse. A 100bp ladder; B nlk; C J, mlk added with P
fluorescnes; G D H | and J, heated at 65 for 30nmn; D, treated
without DNase at 37 for lhr; Eand H treated with 0.1U DN\ase; F
and |, treated with 1U DNAse; G and J, treated with 5U D\ase; K,
purified DN L, water(control).

- 104 -




1500
1000

1500
1000 ¥

1]

200 - . e - -

BFEHI JKLMNOPOQORSTU
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QW1 primer  Q\R2 priner
POR(Fig. 6) 100
16S rDNA
DNA
[ yticus Acalignes faecali

Pseudononas Aci net obact er

Kl ebsi el | a pneunoni ae, Escherichi coli

V.
primer
2CFU
AR, QA\Fr2 AR WN V
Ent erococcus faecalis DNA

Pseudononas fl uorescens DNA

2CFU  P. fluorescens

80 100 30

121 15 aut ocl ave

f1 uorescens 65
16S rDNA

Al caligens faecalis

Q\F2 priner Q\R2 priner
Achr onobact er
S DNA
baunaii, Enterobacter aerognes,
DNA
sem nested PCR
A\l
(€\2/] pri ner PR
16S rDNA
16S rDNA . Boiling
DNA D\A
PR 16S rDNA
P. fluorescens 65
16S r RNA
P.
30 D\ase
Achromobacter | yticus
16s rDNA
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3 S aphyl ococcus aur eus
S rept ococci

1 S aphyl ococcus aureus S rept ococci

SUMVARY

Specimens were taken from mlk, body surfaces of dairy cow and
environments of ten selected dairy farns located in Kyunggido,
Korea. ldentification of Saphylococcus aureus, Streptococcus
agal actiae, Streptococcus uberis and Streptococcus dysagal actiae by
using IDF and nol ecul alr biol ogi cal nethods from 572 sanpl es taken
during w nter and sumer season was conducted. Isolation rates of
St aphyl ococcus aur eus, Streptococcus agal actiae were 29.2 % and
3.2% respectively and those of environmental mastitis pathogen
Streptococcus uberis and St reptococcus dysagal actiae were 11.4% and
6.4% respectively.

In order to identify at the species level, PCR performed wth
rRNA prinmers STAAAul, STRUJ Wl and STRD-Dyl from 16S 23S intergenic
spacer region anplified specific DNA products for those species.
Wsing specific primers, Staphyl ococcus aureus strains produci ng six
types of enterotoxin A B, C D E and TSST-1 could be effectively
differentiated.
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2 (cont agi ous
pat hogen)
(environnent al pat hogen)

(Aiver Mtchell,1983).
St aphyl ococcus aureus,

Streptococcus agal actiae, Mcopl asma spp. CGor ynebact eri um bovi s
S reptococcus agal acti ae st rept ococci
st rept ococci (Kang
1990: Kang 1991: Jeffrey, 1988: Davis , 1996).
St reptococcus spp. S

uberis, S dysgalactiae, S equinus(bovis), S equi, S parauberis

S canis .
S. uberis S dysagal acti ae (Bati sh
Chander 1987).
St aphyl ococcus aur eus coagul ase positive

20
St reptococcus agal acti ae
St aphyl ococcus aur eus
st rept ococci

10
St aphyl ococcus

aureus  Streptococcus spp.
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1) : cap tube

2) : 2x4 swab swab
Brain heart infusion broth (BH broth) 3 t ube
3) , , : 3-4 sanpl e
mizzl e swab
4)
) Bedding ; 10

1 10 BH broth
) Feed stuff ; Bedding
) Equi prent : swab

) Housing ; , , swab
) Non bovi ne ani mal ; dog muzzl e swab

) Handler ; swab
) Ar .
Bai rd-Parker plate Bl ood plate 1 open

. S aphyl ococcus aur eus
1) Sanple mlk sanple BH broth (37 4

). Ar sanple 37 . 24
2) Baird Parker plate col ony , coagul ase test
st aphyl ococci bl ood plate henol ysi s
type
3) Coagul ase test
Dfco rabbit plasma . Positive
4

. S reptococcus spp.
1) Rapid hippurate hydrol ysis test
2) Heavy suspension col ony(culture) 0.5 sol uti on
hi ppur at e 2 0.2 ni nhydri n
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0.2 ni nhydri n 10

3) Carbohydrate utility test

Phenol red broth, pH7.4 . (stock) 1-2
sanpl e phenol red plate
control . Positive reaction
, culture 4-6 37
. APl Strep kit
Kit St rept ococcus
16S- 23S spacer ribosomal DNA priner St aphyl ococcus
aur eus S rept ococcus spp.
culture (16,000 rpm Im washing buffer
, 300 washing buffer
20 lysostaphin 10 R\bse 37 30
20 proteinase K 50 SDS(10% 50
1 . 600  phenol - chl or of or mi soanyl al cohol (25: 24: 1)
: t ube 550
chl orof orm isoanyl al cohol (24:1)
t ube 16 5MMNad, 100% Et hanol 800
. -20 1 :
70% et hanol . ethanol (air dry) , 200 TE
buffer DNA . 10 DNA  PCR kit(B oneer, Korea)
10 .1 products 2 kit PCR
DNA products  2%agar ose gel
3.
1
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3
, Table 1
, Table 2
Tabl e 1. S aphyl ococcus aur eus st rept ococci
( )
M1k
( ) sanple Mizzle Sde Rectum Vagina Qifice
(A 15 7 3 7 3 3 8
(PLX) 6 4 2 4 3 2 9
(ws) 6 6 5 6 5 5 9
(JL) 3 5 4 5 4 4 9
(YO 6 4 2 5 3 2 9
(sw 5 7 2 6 2 2 9
(X 5 4 2 4 3 2 9
(aK 5 2 1 2 1 1 9
(Qy) 6 3 2 3 2 2 9
42 23 42 26 23
57 80
156
Tabl e 2. S aphyl ococcus aur eus st rept ococci
( )
( Mk
sanple Mizzle S de Rectum Vagina Qifice
(A 16 2 4 8
(PLX) 10 2 1 2 2 1 9
(V) 8 2 1 2 2 1 9
(S3) 16 3 2 3 3 2 9
(YO 12 3 1 3 1 2 9
(sw 16 2 1 2 2 1 8
(& 10 2 1 2 3 1 9
(aK 17 3 2 2 2 2 9
() 9 3 2 3 3 2 9
22 11 19 22 12
114 79
86
1 1996 12
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156 80 293 , 2 1997
6 , Table 2 114
86 79 279
: 572
1) Saphyl ococcus aureus, Str. uberis, Sr. agal actiae Sr.
dysagal acti ae
| OF St aphyl ococcus
aur eus Bai r d- Par ker
plate herol ysi s
, catal ase S aphyl ococcus aur eus
Str. uberis, Sr. agalactiae Str. dysagal acti ae
Brain heart infusion broth Table 3
, API ki t
, (isol ates)
Table 4
Tabl e 3. Streptococcus spp.
B ocheni cal reaction
Bacteria
H ppurat.e sor bi tol ri bose trehal ose
hydr ol ysi s
S. agal acti ae + - + +
S. dysagal acti ae - + + +
S. uberis + + + +
S iniae - - + +
S. adj acens - - - -
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FR 472, FR 326 805T, 807C

877A-S, FR MB, RW220

S reptococcus agal actiae

QU 2132
2129
2102
2119, 2114, 2117,

ATCC 13813

S rept ococcus uberis

QU 2123,
2124, 2131, 2135,
2133
2137, 2146, 2145
2140, 2149, 2143

2104

Ar of Barn

Vit er

MIk (nmastitis)
Raw M| k

Ref er ence

Feedst uf f

M| ki ng machi ne
Hand of handl er
Vagi na of cow
Rect um
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Table 4 S aphyl ococcus aur eus 46 ,
S aphyl ococcus aur eus 11 , Str. agal actiae 7
, Str. uberis 20 , Str. dysagal acti ae 21
3
Tabl e 4.
I sol at e Desi gnation Sour ces Far m¥
S aphyl ococcus aur eus
aQJ 1101, 1104, 1176 Hoor of barn CA SW YO
1106, 1120, 1157 Feedst uf f A W5 Oy
1105, 1158, 1133 Vel |l of Barn A O, @
1149 Ar of Barn SW
1159, 1134 M| ki ng nmachi ne cY, @
1104, 1135, 1189, Dog of farm A @, &
1182,
1110 oK PAX
1103, 1108, 1115, Vagi na of cow A, CA VR,
1117, 1166, 1183 V&, CY, &
1147, 1165, 1142, 1192 Rectumof cow SW CY, @, &
1154, 1171, 1172, Teat of cow SW YQ. YQ,
1173, 1143 YQ, G
1107, 1164 Mizzl e of cow A V6
1122, 1146, 1162 , 1163 Raw M | k VB W Cv., CYa,
1124, 1174, 1136 1137, JL, YQ S@., S@.,
1138, 1139, 1113, 1114 Gl SGl PLX PLX%
ATQC13515, FR 913, Ref erence strain Seoul National LUhiv.
MHOOH MDON PM N4O3,

YO
(0
CA
YQ Cv, Cv, JL
Seoul Netional Uhiv.
A
A YQ 4K
YO
A YQ C,
CA YQ Y



S reptococcus dysagal acti ae
QU 2127, 2130

2136, 2148,
2142, 2144
2111, 2116, 2122
2121 2110

ATCC 27957

2128
2134
2138,
2139,
2101, 2105, 2106
2107, 2103 2108,
2109 2112, 2113,

2147, 2150

2118, 2120, 2141, 2115

Teat
Mizzl e
Raw ni | k

Ref erence strain

Hoor of barn

Hand of handl er
Vet er of barn

Mizzl e of cow

Xin

Raw ni | k

CA YO
oy, O
SW Cr, &
aK V6
Seoul

YQ, YO JL, CY

Nat i onal Uhiv.

YQ

ATQC 27957 Ref erence strain Seoul Netional Uhiv.
* CA Chungang, V& Wongsoco, SW Sungwon, CY; Choya, JL; Joolim
Yungoh, SGJ; Segongju, GG Qunchun, CH3 Chyungyung, PLX Pelix.

2)

Fg 1

St aphyl ococcus aur eus

spacer ribosomal DNA ol i gonucl eoti de pri ner

S aphyl ococcus aur eus

product size

Fg. 2

Str. agal acti ae,

S rept ococcus
i ntergeni c spacer priner

Str.

270bp, 320bp

band
band
spp.
PCR
uberis Sr.
960bp( 880bp)
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Table 5. Staphylococcus aureus 2} streptococci T% o FE5A
PCRO| A}2¥ primer 9} product®] =2 7j(16S-23S “intérgenic spacer
rRNA)

MgCl Shize o
. . : . gCl, the main
Genus/species Ollgomg:leot.nd Sequence(5>3") Lf:%')‘h in PCR PCR
(mM) -~ product
(bp)
STR TGTTTAGTTTTGAGAGGTCTTG 22
Streptococcus-genus STR 11 COTGOAATTTGATATAGATATTC 23 1.5 150-210
- GGAATAACGTGACATATTGTA
Staphylococcus STA I 21 2.0 100-200
genus STA 11 TTCACTCGGTTTTGCTTGS 19 .
. STRD-Dyl TGGAACACGTTAGGGTCG 18
Str. dysagalactiae STRD-23-1D CTTACAGETCCCCAAGEAT 20 1.5 370
STRU-Ub1 TAAGGAACACGTTGGTTAAG 20
Str. uberis STRU-Ub11 3.5 330
TCCAGTCCTTAGACCTTCT 19
STAA-Aul TCTTCAGAAGATGCGGASTA 20
Sta. aureus STAA-Aull TASGTCAAMCGTTAACATACG 21 2.0 420

Fig. 1. 165-23S intergenic spacer rRNA Species specific primer& ©|

23} reference strains® PCR Zz} .
Lane 1: Staphyfococcus epidermidis CU, lane 2i Staphylococcus epidermidis ATCC 12228,
lane 3: Staphylococcus hyicus NVRI, lane 4: Staphylococcus aureus NCTC 8393, lane 5
Staphylococcus aureus FR1 913, lane 6: Staphylococcus aureus ATCC 13515, lane 7:
Staphylococcus aureus MNHOCH, lane 8: Staphylococcus aureus MDON, lane - 9:
Staphylococcus aureus FRI 472, lane 10: Staphylococcus aureus FRI 326 l.ane 138
Staphylococcus aureus RN4220 pMINGO3, lane 12: Stéphylococcus aureus FRI MX8,” lane’
13:: Staphylococcus dureus RN4220, lane 14: Staphylococcus aureus BOS(T), lane 15; .
Staphylococcys. aureus 80_7(C),. lane 16! Staphylococcus aureus §77(A-S.): lane 17; size
warker ’ v

-121-
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Fig. 2 Streptococci® species =& 9 = &

Species products size
Lane 1,2 : Streptococcus agalactiae 270bp
Lane 3,4 : Streptococcus uberis 320bp
Lane 5 : Streptococcus dysagalactiae 960bp, 880bp

3) Staphylococcus aureus®] enterotoxin A§4t strain 15

Table 3o] A)A]H 16S-23S rRNA intergenic spacer region primergl
AU 18} AU 11§ ARS8ty Ee|dFol thyt F(species)T3H L 727] A&
o) thstel ANY A3} anplified’ Fol chy Belo] shsstgct. e
3 Z2EZH band size®A] toxin typed $3¥ 4 9lcrHFig. 3). & 16
718) Staphylococcus aureus?) reference strains& 01-8-5}01. PCR %%
Ausiod theo] AE @9t 2} strains T enterotoxin typeol w
2l &Fo] ¥ fragments®] A7)7} ti=2A Jtelutt). Staphylococcus
aureus #3F 2o primer AU I} AU 117} specificdtA 2&£& d.Lo7)
] o}= straing] Z21F ¥l ¥ 4 2lgch. Fig. 39 Lane 82} Lane 11
of] L}elyt enterotoxin C2} enterotoxin C-bovine?] toxin type?] 7Z-$-2}
Zo| 510bp 2} 425bpollA] FAle] FFo] ol Fo{A 2714 productE “J4t
sttt toxin typeo] mglME FFo| HFH o]FofA|A] ¢ Fex 9l
9 ooy o] enterotoxin D&} enterotoxin E type®] Z-{-o|t}.

FgAoE Y v A genonic DNAAOIA FAALU BF 229
¥3to] WHE genonic DA sequences] M7t SuE Ao AAY 4 9
th ZEH sizes] Ao|E nutationo] WE PP A2 4 glom,
amplified fragments7} 2712 Uehths ZA¢x ¢ol A28 399
plasmid DNA2] §-%of uwjelr shsslelel ™ LY 22 priver AU
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NEEMH: D

19} AU I1E o] &% PCR ¢%53 WYL Staphylococcus aureus®
species?] T o o]4H £ drl= FAEL dA HAth

Fig. 3. S, aureus ¢] reference strainso] wl2 ZZ¥ band pattern

Lane Strains Product size(bp) Lane Strains Products .size{bp)
4 S. aureus NCTC 9393 510 S S. aureus FRI 913 440

6 S. aureus Toxin A 520 7 S, aureus Toxin B 400

8 S. aureus Toxin C 518, 433 11 S. aureus RN4220 509, 426
12 S. aureus FRIM\8 429 13 S. aureus RN4220 500, 422
14 S. aureus 805(T) 415 15 S. aureus 807(C) 426

16 S. aureus 877(A-S) 426

M1 2 3 4 5 65 7 B 95 30111212 14 1516 17 18 19 20 27 22 2324 2%

1000
750

500
300

15C
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w11 1213 1415
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TSST-1

Fig. 4. ¥&730)A Enterotoxin A4} PCR product

Lane 1: size marker, Lane 2: Str. agalactiae CU, lane 3: treptococcus agalactiae
ATCC 13813, lane 4: Str, uberis CU, lane 5. Str. uberis ATCC 27958, lane 6. Str.
dysagalactiae 27957, lane 7: Str. pyogenes CL, lane 8: Staphylococcus epidermidis CU,
lane 9: Staphylococcus epidermidis ATCC 12228, lane 10: Staphylococcus hyicus NVRI,
lane 11: Staphylococcus aureus NCTC 9393, lane 12: Staphylococcus aureus FRI 913,
lane 13: Staphylococcus aureus ATCC 13515, lane 14: Staphylococcus aureus MNHOCH,
lane 15: Staphylococcus aureus M\DON, lane 16: Staphylococcus aureus FR1 472, lane
17: Staphylococcus aureus FRI 326, lane 18: Staphylococcus aureus RN4220 pMIN4O3,
lane 19: Staphylococcus aureus FRI M\8, lane 20: Staphylococcus aureus R\4220, lane
21: Staphylococcus aureus 805(T), lane 22: Staphylococcus aureus 807(C), lane 23:

Staphylococcus aureus 877(A-S), lane 24, 25: Staphylococcus aureus ATCC 13515,

Fig. 4o Staphylococcus aureusol] ¢lojA| 2843} enterotoxin
type & $A317] $13lo FHol3tAl AH&H= 632 primer SEA, SEB,
SEC, SED, SEE 9 TSST-18§ A}&3}o] enterotoxin A, B, C, D, E¢}
TSST-1 type2] PCR productsi= 120, 478, 257, 317, 170 ! 350bp2]
product7} ¥RIE 9131 o] Z} Johnson 5(1991)2} YA §ic},
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t}. 8w ¥QF Staph. aureus I Str. spp.d] FIA&

Table 6. Distribution of mastitis causing Staph, aureus and
streptococci in raw milk and environmental samples

Season of sampling

Summer Vinter Total
279 293 572
Staphylococcus aureus(%) 57(20.4) 47(16.0) 104(18.2)
Streptococcus agalactiae(%) 9 (3.2) 10 (3.4) 19 (3.3)
Streptococcus dysagalactiae(%) 41(14.7) 17 (5.8) 58(10.1)
Streptococcus uberis(%) 26 (9.3) 19 (6.5) 45 (7.9)

A2 2ol A Staphylococcus aureus7t 18%2] HIE 2 Za o] HUE
93, Str. agalactiae7} 3.3%, Str. dysagalactiae?} 10.1% 2.2]3L Str.
uberis7} 7.9%2] AlmollA ¥l 2t '

guid oz ZAso] AW A2ET 25FY U 44929 2
e WAsHA A7 EA Jeikch EY U=EE & o
Staphylococcus aureus?} Streptococcus spp. HT} 2 9z 2dEE
Aos Y=ot I dEHe ARHE £ Folk dFf el 784
glglFo] BjEY Fhsdol &The AMAlel ZAdsle) QfE 2oiz A 2H
F Helg st 83t L 23] gdithe AMdE AASIL
et

Table 7ol & A¥ojd MY BAEE 239 & F¥E 2
Fol o)t edAtelol] T Hado] ol Hrl. FA7IM MM AEE
¥ Az Bz Aol§ il Ushd 4 drks FAY date® 1§
240l &g AoE FYriHch

B3] Staphylococcus aureus?] LFAEE T30l e A3 AEY
alo]E Holx glom fge Af % RA}FN HIE AHUE e
2 A veple d42 s getch

e
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Table 7. 'Babd  Staphylococcus aureus®} Streptococcus spp. AE

Lk
Staphylococcus aureus Streptococcus Spp.
Herds Positive Positive
Sample % Sample %
CA 10 13.2 15 19.7
PLX 7 12.2 10 17.5
WS 12 17.9 5 7.4
JL 22 30.5 23 31.9
YO 10 16.1 15 24,2
SW 12 18.5 15 23,1
GC 10 17.5 15 26.3
OHK 9 15.5 9 15.5
CY 12 20.7 17 29.3
CA. 29} PLX, WY A ¥S, 4 JL FR(MFF) Y0FL SP. 44 6C A 0K,
L2873 CY Ro}

T3, JUEA g2 4 g Auivt £ OAf 52 o
81 Boll M Staphylococcus aureus ' Streptococcus spp. ¥ FF4
wele] Bajfo] 4.8%¢} 14.3%) WA ¥ FHAL Staphylococcus
aureus7} 31.8%, ZoFEALE Streptococcus spp.©| 26.7%2 YA xlo]
2 Hg|go] ti2A uUelydch & A|@o|A Streptococcus spp. & El”

FRE ANt Au3 Weid Ay 5o 34E EUstel Table 5ol
)‘1 A% 2o ulel 57 Fo8 FEHIACL

28 A2 FeluA B4 gran @AY ST BUAL 7
L FE Sol FelAd 5S4 @nF B &3t A 2alste
tt.

‘Table 694 HelH Streptococcus.—] F3HE= —:—EI“IE. 1045,"-.11
glom S dysagalactiae’} 713 &2 HEE &¥=HI e Ao" E]“’l
oz, ol AL A2 2R Vel 73 Y streptococciof &%t
Stz o] bl e gl FARRY g B Zojth

¢

gl 2.8 A 8] Staphylococcus aureus W Streptococcus spp. 2 2874

El

1) AAY 89 AHEH Staphylococcus aureus?] LEE
Table Bl SA7leh 1HAE clulsted 9o MER AR Fol
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A Staphylococcus aureus®] A& ¥} A2 &L BAsIACE HAE8L
U2 31HI| A RolA 23.3%2 5] 13.4% Bt A4 A&
oo, 2 HelE F4lo] w2} xjol& el ot vA HelolA 21.9%,
) sideollA 8.8%, AR F919] 14.8%, oA 12.5% W SLFEZoA
25.7% 7HX] &< AE&E Yeharl. Staphylococcus aureus?] &%
o] 71 &2 FHlEt FFEFLEA FH7 ol 26.1%0] 1 3HA 7)ol 25%
2 velytch 2y shEaslole nuzzle £9171 40,9524 7Y B4 U
E}yict.

Table 8. Staphylococcus aureus?] MNEH Q& Alel]

Winter Summer
Site

Total No, % Total No, %
Muzzle 42 5 11.9 22 9 40.9
Side 23 3 13.0 11 0 0
Rectum 42 3 7.1 19 6 31.6
Vagina 26 4 15.4 22 2 9.1
Orifice 23 6 26.1 12 3 25.0
Average 13.5 23.3

Table 9ollAl= Streptococcus spp. 2] HEL L HAJ¢ 3HA7)1E of
B]3le &3t Azjo|rt, AMEHM HEEE Streptococcus spp. & A
EUEAdAE 7ol AEUEI 2 o8 veinton ¥F A&
&o] FA7olE 11.5% 3tA7]ole 33.7%F BHojA AAE2E st
¥ vetktch #9008 AEEL nuzzle $92] AEgo) 1A 7o) 45.5%
2 18 &4 Lvelulch
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Table 9. Streptococcus spp. 8] MEH 29 Are}

Vinter Summer
Site
Total No, % Total No, %
Muzzle 42 3 7.1 22 10 45.5
Side 23 3 13.0 11 2 18.2
Rectum 42 7 16.7 19 7 36.8
Vagina 26 4 15.4 22 7 31.8
Orifice 23 1 4.3 12 3 25.0
Average 11.5 33.7

of. $4E 44T BRARAM AF % 29E HEE

Table 100 Staphylococcus aureuse] AAEZ VA QQAEE A&
e vlxel A2ES 3 Aot}

Table 10. 372 ZollA Staphylococcus aureus®] 2@

Winter Summer
Sources % Sample % Sample
No. sample . No. sample L
positive positive
Bedding 2(9) 22,2 2(9) 22.2
Feedstuff 0(9) 0 3(9) 33.3
“Equipment 1, 2(9) 22,2 3(9) 33.3
Equipment 2. 0(9) 0 3(9) 33.3
Housing 2(8) 25.0 4(9) 44.4
water 0(9) 0 0(8) 0
Nonbovine animal 3(9) 33.3 7(9) 77.8
Milk handler 2(9) 22,2 1(8) 12,5
Air 2(9) 22.2 0(9) 0
Average 16.2 29.1

298738 Staphylococcus aureus HEFFL AF el ¥ w3
7} 3A Uehdohs Zolth 537 H&&Y FIFX &= 16.2%0| 3 3187
AEEL 29.1x24 & x}olF vepiz gdon, ZUEE E o &8+
o] 0dET} A1 W £X§ Rolx, Z&, A&, F7] ¥ housing &
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o] 28 BEx35l3 Qo &3 Ji7t vl &2 Staphylococcus aureus 2
AEE Uehia ol B 0o Ha gthe A& FAlstejof At &
Aol &o] AFEE MY 4F © A{AL &YS Adfoldin], ®
T dfol 24 dod 4 ol sourceEAN FIlko] M F4¥ &
gloz QaEojol 3jn o] 241& At AL LATE 7447
{5t uj Sy 2o AlgHr}.

Table 11. 387 Zo)A Streptococcus spp. 8] 2.4

VWinter Summer
Sources % Sample % Sample
No. sample . No. sample

positive positive
Bedding 5(9) 55.6 2(9) 22,2
Feedstuff 4(9) 4.4 4(9) 44,4
Equipment 1. 4(9) 44.4 4(9) 44.4
Equipment 2. 2(9) 22.2 3(9) 33.3
Housing 0(8) 0 2(9) 22,2
Water 2(9) 22.2 2(8) 25.0
Nonbovine animal 1(9) 11.1 5(9) 55.6
Milk handler 2(9) 22.2 3(8) 37.5
Air 2(9) 22.2 4(9) 44.4
Average 27.5 36.7

Table 110] MA|E Streptococcus spp. 8] B 2UY HE&M F
A7) ARY ASE FFAE 27.5%0|0 31H7] FFX = 36.7%E LIEtRt
Tl 29EE 2289 xloj= FYstA etz don FIERE &
A7Hsdo] 53] st & Adeizte Fol festedol ¥} Alg,
Zd W g7 Udel dojM A&gol AF el 2 ¢
At

4, 3 &

£ Q7 AoINE VI AT heolysis Y $AL NELE
o AN B2uol ort 2Fo) SAsgLon of WiHel 4 53
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FFLS AP v E4AE U FYE oA Brh ZHF wHO 2 cfA§)
£ Zlo] a9} utN #F £ELE ZAEEYHF P g3t
HetA FFol 7Hett e Hedxort

T3 AU 5o ¥LY 4 U= 1S A 3] $18H4 priver
g A}83}= oligonucleotide® 16S rDNAE AH&3}e] RFLP ol ujz}
PCR 353 ¥ AUALE ATt Uehthes Sl AREXE 431
= ub 3l 165-23S intergenic spacer region?] rDNA primer& ARZ3t=
wg vlasty, 1 FYEE SN A ¥R At B ZHsin
upA g vl ez et

ERE o] WY& o] &Y uwl Staphylococcus aureusoll 23te] PAtE=
enterotoxin typeg 7|ELE 3lo] FFE AEY ojME xHAol
de 244E 4 5 Ul AFE T3 F2 FFUAM AF o
AN ZE Alo] & whH3H= ol 3ty AlFY] Mg =AY 4 st
EAuhy 0 24 colony?] #El, bacteriophage typing, S}A|Zt4Ad =
AHantibiogram), XA W T UEYE ZAste AHYF Hape
plaspid®] VX=A}, AH4 Ay, PCRE o8 DNA i 84 =4l
9 restriction fragment length polymorphism Fo] alitl.

Bacteriophage typingZ FA|H L2 FUH AGAMAMY +3Y

= Age) A3 YA 243t Ay P wiPzA ey
2 H3lol] oyt L ol NHEAdo] yirh Plasmidied & DNA 43
2 B0l o3 YL LA YL AF 720 EFE + U WPl=
| W d77F AP et

2] R£&2] RVASIA S-X=¥ probed AlR3}o] Southern blotH Ald-<]
DNA AHof hybridizedto] rDNA F-Ax}2] A H A AL ZABHE W
¥ (ribotyping)o] It} E coli®] 16S-23S rRNAE ribotyping?] probe®
A A}RE]3 gltt (Fred 5, 1995). 16S rRNAo] AYB.¥} oligonucleotide
primer& A5l PCRZ 16S rDNAE ZEY ¥ AUAALE ATso A
7195 3o Z3 AR $2dM EFY 4 AUth Young F(1994)2
PCRE ZZ ¥ 16S rDNAE Hhal, Rsa W Mspl &8 Ax3}o] agarose A 7]
%5 sl EMIEZA £ FUYAAA £e|¥ 7F4 Streptococcus, 3
Z29] Enterococcus, X 1% AerococcusE FAY 4 oo ozt
7142 amplified rDNA restriction analysis 2} ¥tcl(Fred, 1994). &
Ao & o|F ol &3} Streptococci FFE FFE U T

o)
pos

o

>

Qatd guiddol] F @ ¢delo] X Staphylococcus aureuss
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enterotoxin A2} B Type2 2 el on, enterotoxin A%} Boll thyt 4y
71%o] Tiyt @19 "eds A Hodch

Ay e duFe £ AY visiNE Z 532 non bovine
animal(dog)E= #oi® 4 AS ¢ 4 addrh

5. 3 &

22 Uzl Z71E 49y YIS A8} st 6l f A&,
AED g Y BF AR Fo8 FEsl F4L 2L A F
Al 1 BB EAYERAA SAYYHl A 53 sHe8E
At thet gol 2 AE dch A FYEY dEAA WA
Fo| E]&=Staphylococcus aureus®t Str. agalactiae B73% F4EY
QlFo] Sl Str. uberis®} Str. dysagalactiae?] A& % AEEES &4
stoldd wl 29.2% 3.2% 11.4% W 6.8 LEIRten 3pA7|S H&EE]
Eolx e AL EAch

Z3HEE 1 FAA typed FEIIZ FHE] o Ystr] AW oY £
9] 712 282 YL}y $18}o Staphylococcus aureus 46 #+5, Str:
agalactiae T T3, Str. uberis 20 ¥F I .Str. dysagalactiae 21 5
o8] EFFFE YHIlo REFFE HE3IYL

FE W FE 4208 Ud YUTS A AT TP S
N4 S ZEste] 165-235  intergenic spacer region?] rRNA primer
STAA-Aul, STRU-Ubl ¥ STRD-Dyl& AMg#o=2A 7Mesiddct. EX EE
F2E o] 4y AYolA Staphylococcus aureus7} 234t8h= enterotoxin
typeg AR A= PCR ol st 7He¥ Aoz HAFH T
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2 S aphyl ococcus aur eus S rept ococci
Gnomc DNA  Pulsed FHeld Gl Hectrophoresis

SUMVARY

Pul sed field gel electrophoresis of Smal digested genomc DNA of
St aphyl ococcus aureus and Streptococcus spp. was undertaken for
genone characterization and genotyping. Gontamnation route of the
pat hogens into raw nmlk was postul at ed.

Sral was chosen for the PFGE analysis of genomc DNA of
St aphyl ococcus aureus and Streptococcus spp. The optinum condition
for PFCGE was found to be pul se time of 5-40 second and running tine
of 22 hours.

Szes of the genonmic DNA of Staph. aureus and Streptococcus spp.
averaged 2.3M. The genotyping results indicated that 52 strains of
S aphyl ococcus aureus, 18 strains of Str. uberis and 22 strains of
Str. dysagalatiae were typed into 19, 7 and 11 genotypes,
respectively.

PFCGE genom c [NA genot ype

(Bourgeois , 1993: Charles , 1988: Cassandra GCondenine, 1990).
agarose enbeddi ng

DNA agarose slice buf f er
Agar ose slice

CHEH Gout our A anped Honogenous H ect r ophor esi s)
band pattern
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band pattern

sof tware
dendr ogr am typi ng
(Baut sch , 1988:
D ngwal | , 1990).
genone
pul sed field
typi ng type
2.
. Genomc DNA agarose bl ock
over ni ght chl or anpheni col  100ug/ m
2 . 1.5n
(15000rpm 4 , 15 ) cel | , 1M Nad 10mvi Tris(pH
7.6) : IMNad  10nM Tris(pH 7.6) 300
agar ose IM Nad 10mM Tris 2%
boiling water bath 50 incubator
sanple nol d bl ock

block lysozyme (1ng/m)  mutanol ysin 100U
EC lysis buffer(émM Tris pH 7.6, IMNad, 0.1M EDTA pH 7.5, 1%

Sar kosyl ) 16 ES buffer(0.5M EDTA pH 9.2, 1%
Sar kosyl ) protei nase K(1lng/n) 37
48-72 : TH 10nM Tris pH 8.0, 0.1nM EDTA pH 7.5)
1nM phenyl net hyl sul f onyl ( PVBF) 7
PVBF over ni ght . TE 2
3 0.5M EDTA(pH 8.0) 1% Sar kosy!
(4 ).
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. Genonic DNA PFCE

bl ock 1-2mn TE 2 , 1X
buffer 1 . 20U buf f er
5-6 : block TE 1 , 0.5X TBE
1 . genomc DNA
band pattern GEF DR 111 systen{Bi 0-Rad, USA)
1. 1% agar ose gel 0.5X TBE 14
23

. Genonic DNA size

PFCE 6V, 5-40sec, 22h Lanbda | adder si ze
mar ker PFCE band . Sze
agar ose gel band si ze
data typing dendrogram Bi ogene
sof tware( Vil berl ourmat, France) , confidence 5% 80%
group

(Lefevre , 1993).

3.

. S aphyl ococcus aureus st rept ococci genom ¢ DNA
1) PFCE Band pattern

Fig. 1 Not | 18 St aphyl ococcus aur eus
genom ¢ DNA 6 ,

3 12
Not |

Fig 2 Sil pattern ,

Sl strain 18 6
2 7
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Fig. 3 Snal S aphyl ococcus aureus  genomc

DNA . 18
PFCE pattern ,
11 17 PFCE pattern
Snal

St aphyl ococcus aur eus PFCE

band band , Smal
, Gspl

(Manuel 1993).

Snal St aphyl ococcus aureus genone

band 15-20 10- 500Kb

(Fred , 1995)

- A
-
-
-
-
-
-
-

A

Fig. 1. Pulsed field gel electrophoretogramof Staph. aureus genonc
DNA digested by restriction endonucl ease Not | .

Lane 1 ; S aureus QU 1108, Lane 2 ; QJ 1106, Lane 3 ; QJ 1105, Lane 4 ; AJ
1104, Lane 5 ; QJ 1183, Lane 6 ; QJ 1127, Lane 7 ; QJ 1126, Lane 8 ; QJ
1147, Lane 9 ; QU 1110, Lane 10 ; QJ 1117, Lane 11 ; QJ 1122, Lane 12 ; QJ
1113, Lane 13 ; QU 1162, Lane 14 ; QJ 1161, Lane 15 ; @J 1138, Lane 16 ;
QJ 1137, Lane 17 ; @QJ 1177, Lane 18 ; QJ 1131, Lane 19 ; S ze narker
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Fig. 2. Pulsed field gel electrophoretogramof Staph. aureus genonc

DNA digested by restriction endonucl ease il

Lane 1 ; S aureus QU 1108, Lane 2 ; QJ 1106, Lane 3 ; QJ 1105, Lane 4 ; QU
1104, Lane 5 ; QU 1183, Lane 6 ; QJ 1127, Lane 7 ; QJ 1126, Lane 8 ; QJ
1147, Lane 9 ; QU 1110, Lane 10 ; QJ 1117, Lane 11 ; QJ 1122, Lane 12 ; QAJ
1113, Lane 13 ; QJ 1162, Lane 14 ; QJ 1161, Lane 15 ; QJ 1138, Lane 16 ;
QJ 1137, Lane 17 ; QJ 1177, Lane 18 ; QJ 1131, Lane 19 ; S ze narker

Fig. 3. Pulsed field gel electrophoretogramof Staph. aureus genonc
DNA digested by restriction endonucl ease Sha |.

Lane 1 ; S aureus QU 1108, Lane 2 ; QJ 1106, Lane 3 ; QJ 1105, Lane 4 ; QU
1104, Lane 5 ; QU 1183, Lane 6 ; QJ 1127, Lane 7 ; QUJ 1126, Lane 8 ; QJ
1147, Lane 9 ; U 1110, Lane 10 ; QJ 1117, Lane 11 ; QJ 1122, Lane 12 ; QAJ
1113, Lane 13 ; QJ 1162, Lane 14 ; QJ 1161, Lane 15 ; QJ 1138, Lane 16 ;
QU 1137, Lane 17 ; QJ 1177, Lane 18 ; QUJ 1131, Lane 19 ; S ze narker

- 136 -



2) pul se 