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FOREWORD

It was my pleasure to have the opportunity during my vacation to meet all the fishery
microbiologists and the related specialists from academic, governmental and industrial
institutions in Taiwan. The Conference on Fishery Microbiology held at the Joint Com-
mission on Rural Reconstruction in Taipei on July 12 to 14, 1977 was a nice occasion
for the review of the updated in information in fishery microbiology and for the discus-
sion of the current problems in this area. I am especially pleased and proud of those
fishery technologists who attended in the following workshop (July 18 to August 13, 1977),

with an excellent demonstration, held at the Institute of Botany, Academia Sinica.

Fishery Microbiology covers a broad spectrum of microorgnisms in which bacteria
are the major organisms encountered in fish and shellfish. Only major subjects which
were considered especially pertinent were selected for discussion under the limited time
schedule. The identification of bacteria commonly present in seafood, especially those
which are associated with spoilage and organisms of public health significance, were
emphasized. Several new conceépts, e.g., the cell membrane of Gramnegative bacteria
and bacterial genetics, established in recent years in bacteriology were also briefly de-
scribed.

This volume contains mainly the contents of the lectures to the conference and,
partially, certain materials described in the workshop. The last three added papers,
Appendices 1II-1, ITI-2 and III-3 are contributed respectively by Prof. H. C. Chen, Dr.
L. P. Lin and Dr. C. C. Tsai.

I am deeply grateful to the Joint Commission on Rural Reconstruction for spon-
soring the entire program, Prof. H. C. Chen, Head of the Fishery Technology, Kaohsiung
Jr. College of Marine Technology for his organization and instruction of the laboratory
workshop. Particular gratitude is extended to Mr. C. T. Chueh, Chief of Fisheries Divi-
sion and Mr. J. L. Chung, JCRR for their advisory role in this project, and Dr. C. S.
Chen, Institute of Botany, Academia Sinica for his arrangement of the workshop and his
"indispensable help. I am also appreciative of Dr. L. P. Lin, National Taiwan University.
for his encouragement and suggestions, and Mr, W. L. Wang for his careful work on the
manuscript ane reading the proofs. Assistance from Mr. C. Y. Wu and Miss S. S. Chen
in the laboratory work is also gratefully acknowledged.

Tuu-jyi Chai
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IR T — IR AT 2 SR B R REE » (R GRS (Freezing-Thawing) K78 #1T RIREHE AT
BRIE » R EREEBE RN A~ ¢ L EESEBER » BHRAKERSSMNBZE - 2.4
KRB R » R EREREZT BB KT o FERiE 2B IR » AIEE 2B B R IR
HENPURTE ek SE2RERT » FEPCRMBESIEH LKAV RS 5 o T RBH IEMBRRIZET - #2350
SRR CRREU  BEFAEEERNERRERECHRERENE - ALBEERFFEER » &
FAHEWTR 5 B2 PR AT o B AR o

EREFHBEY R LSS T — R HENNT ¢
1 B S B A » T SRR o
LAETFREIESS » KRR S ES » W DINEEBE MG » FEFAT Leucosporidium

T FREE THHRE > HIEREERERRE -

R2—1 BEBE 2SR

BRESANEEZRE
@ E°C | Cuo %  Cus %
—-1 | 9 i' 49
17 | 16 ’ 7
8 12 | 27
18 20 8

JLEEHHEEEEE S (AFGP, Antifreeze glycoprotein) o
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TEREBIER BN A RO FREE » 44 I BB ATRS TEZEE L KO0 TE

#£38,000~20,000:2 14 » HELIER,ZT+ (mole/ml) ZkEHE » Al AFGP ZHifsvkee iR R Lk

(NaCl) fy 600 % » 5. AFGP $2 NaCl BA&mptfEf » SR T RS AREgNE - AFGP
$2 NaCl ZHiEKEE I 2 — 1 BT » SRR LS G ILEYE » BESHREHRE

AFGP + 0.05 M NaCl

(

o
AFGP

| | J

= e I

w w =3

3 N

o % -~
T

—0.1864 galactose

Freezing temperature (°C)

hicken |
~ chicken ysozy]me

s

0 4 8 12 16
Solution (mg/ml)

2~1 AFGP g NaGl ZH#kieD



2 F XK S X E E XK
(Bacterial flora of sea-water fish)

%—f IE EGFMZ@#A (Bacteria of fresh fish)

MR R R MEERSMERERE (100~10°/cm?) » BHEHLE (10°~10%/ml) [
T (103~107/g) SEERA7 » FroF RS2 MBI 3 — LR ©

®3-1 R ABzHAEH

! , ‘ o o .
i ! 8« ~ |
i 21 58 5 .. & } [ 3
Els9e/g| 888 | | g
Species I Medium , Sample £ 528 2 8 &8l 4 |8
| ! 35858 882 | B
f [ 2565 £ 5182 F 8 =2
) | & |2 ]| O | [ ECl g S =
Norwegian winter | Fish agar and | Skin (slime) | 40.0 245 — 127167 — — 11
herring nutrient agar at 22°C. Gills 4700 334 —|137 39 — — 30
| Intestines 24.1 72.5i — _| 34 — — —_
Canadian- Tap water at 20°C [ Skin (slime) 45 36 — 18785 — — 1L5
Atlantic cod | Intestines 56 37 —| 56650 — — 18
| ] i ' 14.6°
N. Sea lemon Salt water l Intestines 34.6 7.7’ 5.8 9.6| — —| 346 1.9* 5.8
N. sea sole Tap water | Intestines 6.1 7.6i 13.6) 1.5 ——i —59.1) 7.6* 4.5°
i i !
W. Coast S. Sea water at 20°C | Slime 1278 525 82/ 66/ 33 0 0 16
African hake i | | !
E. Coast S. Sea watér at 20°C | Slime 2 42333 — 37'Si o o 208
African hake - .
Indian shark Sea water Slime \ 0 86/285 29 28.5‘ 257 29 29
Australian mullet Salt water [‘ Whole fish “18.03 9.0‘1 12.0/ 8.0 51.0; 2.0 1.0 —

1. Yeasts 2. Proteus 3..Others 4. Alcaligenes

SEELAIE 2 S E R NERA T MRS » NEREIES - BORARKS » A 7EREMREE
B~ YRS~ BRI CR BEEERRES o AEZ AR SMEERZLERA—E » SIAEH
HEEHRE (Teleosts) AELHB Micrococe: » HififasE (elasmobranches) &HF 4y Cory-
nebacteria o ¥ TR NAEREF . - AR SR BRGNS » T EURRE YL
i (RS ~ —280) FREE B R 10~100 f5 o

Bty REERABEZBAXTIAH@HEIBE

(Effect of medium and temperatures on bacterial count)

BAEIE A SE « BREECHSREEBREERROMG » REdmii(—2~12°C)HH
HagE » 1837° CERBHMERAETEL0° CEERES % 5 —i1e20° C 553rs Corynebacteriafi
Flavobacterium & 84 ; #£ 0°Cf Moraxella-Acinetobacter L7 20°C B&E R4 o JrigtaE
(North Sea cod) ¥ Fr iy g 48 » #:20°CER0°CRE &K pseudomonads£ F44%8851.5% s Moraxella-
Acinetobacter %1% 32.4%84.41.3% s Corynebacteria £ 8.7%5 1.0% » Flavobacteriumfs 6.0%; 8

— 9 —



1.5% s Micrococci 5 1.19%84 0.7% » Vibrios HIfS5.988 3.3% » LA 417E20° C 1250 Coryneb-
acteria ~ Flavobacterium ¥ Vibrios 288 #FE°C E&REE%4 - pseudomonads B morazxella-
Acinetobacter R¥2EHR 0°C [ 20°C F5% -

KRR EBOR SRR A (North Sea skate) 22 p figiF » pseudomonads 4
63 % 22.3 % » Moraxella-Acinetobacter £58.6%; %2 38.39%; » corynebacteria £ 3.4 %8 2.1 %
flavobacteria 55 10.2%%44.3% » Alcaligenes £56.4% %2 11.5% » HARRIEE BIES 6.4% 5 11.3%. 5 5548
S A KB B9 55 562 HE 3205 - 7778 pseudomonas §1 flavobacteria (2 ABHMCLL FRYR K
R ERER S » Moraxella-Acinetobacteria BIFI¥RKFSRELIBKEBERBRES °

M2 BEKEMER  FRABEEZEREERRE ZEE  RIVERRZTEREK » —a
HERES » BB RRERZFRE  "ERE MBS » Rk KEMES RIFSHE - BEEED
20°CEBHE o

B2k EZHEXERARAHFHIER

(Bacterial count changes with seasonal and geographical variations)

A~ RERER RN » R A RMEEEAE TR » SIIERIE R Aberdeenfiii
WHEE R (Skate) BigE (Sole) FE—~ERNABEHHANRZMEE » 4 EEEE ~ BT
SAR AR » REGH 6xX10°E 6x10°/cm? Ry » MLEVE&H T=10° =1x107/g» fi§
MAlER Tx105 % 3x10%/g LM » MEBKRSEHTIEME - —FErhamRE » —RBEE  —K
TERKZE » DR AR B LR RREE » TIERAWRBZ RE - BBEERREYSERABRCE
SRR o i B R ERAEAER » NI ASHTREE 0 2 8 R I FT RS A A
B o :

Avsprkge b E T 2 B0 > FTE T RS RIS MBS » 414 pseudomonads, Moraxella-
Acinetobacter, flavobacteria J¢ Vibrios £ » ZeJE ~ HIE R ~» MR BHEFTHE2REESES
EWIFBANE o 400 bacilli, corynebacteria [} micrococci % o

— 10 —



AL P XS ALY E S 30
(Changes in bacterial flora of fish during cold storage)

Bt MR EBE R RGP E

(Effect of temperature on bacterial population during storage)

R R RER  HEARZABETEHY: BB IKEE  RATEER AR AME
(B S gl — B R » JRJEREEE ~ AR ~ PRI A AV » BN i R BE SRR R GA T AL 2 e T o
AR Ao

{2 B0 LSS B OSBRI U RO B 6R » Rl ST BB RN 4 — 1 > mIamR 25°C kg
FBE LR s FARBEHENE 4x10°%/kg » TR 7°C TR » BIFE 6 Ry &2 BB > BN E
ERVBET » BORSRLHE AVATEE TR AER  ZREIRBHEE TEHRE AR - AR
BB RIRT o —BANMRERENE CREERBENTE 20°C o4 » WEY ek LRTE 42 M
BAREARRERER 35°C L4 » FILE BV Rk vE e - IRNBEZ B SR
BENEMR LA IRk o

0 ]
2 c
E
5oL A, 25°C
g B, 7°C
Ay G, 0°C
= D,—4°C
5 5t
5 ‘ by
o)
24 /

3 r r |

o] 2 4 ] 8 10 12 14 16 18 20

Time in days

A~ EBERERRRMMEEEERZMHK

ot BRwmBARENRAIERK
(Spoilage bacteria and Spoilage of fish and shellfish)

£ BB KB R+ LR P T SR » TRBEHA TS A M SRR BP0 B
(Decomposition) FYREFEZR o BREARMKES R » BUAESWEEHE ~ JEFSURIRS
ROMERE  MILEME 2S5 -« HH ~ EEERPIMRNFEENFRE o FLeigERaes
% Efiflavobacterium » {BRFILIETEM A » 2 DOERUR P ZIE ko ©

—_ 11 —



TR U IEE - 452 BB » 7Sk I LI ST » LA Y E e
FERRCT AR B AT BTN Z BIFRRS > FIREAIEN RS » £ ABERE
T TR AT SRR ENS » BIMIHSETITE G » A IR 107~10%/g 2 FroIgise » MEe T2
AR » TRE QRS REE  IEIEB RN » DIEEFRRE A E 28 o 2l
R T8 2 R R 3 A A R S TR ATAT 5 R 078 ST IR » SR K ST
SR A TR R AR S » BV ST A LRI » (B P A RIS - e
BB -

mg BRI Egﬁé%ﬁ@fﬁzﬁﬁ%ﬁ’ﬁfﬁq%ﬁgﬁi% BN=EER ~ & ~ Indole ~
FRI - IR ~ LA BB~ B (Putrecine) REMEEEBIHY) o

By LTI e pis (s ~ e~ TiRAR (Neurine) s LM (i
B LA 2 BT » T S B R R - )

DNA  RNAMEZ IR om0

B8 S HBE TN SR MM B 0 R A R RIBER 2 AR S ATIE A UL E R Z AT o R
R R BBRIEBCE R BN BN 2 A EEER A A HE R #flantrimethylamine
oxide T™ A%\)@%%uétasé'ﬁ TMA, Histidine #ES.2 histidine decarboxylase —Histamine o

—i NIDEE S MBS R B s » SRR 107/ DL Esk IR BEA R AL » (BB
SEATETE ; AR B ME S S NAE  ARMERREEIE » SERME  ERANAEEEREZT
R R B RIE 2 AR o MEBGIHEEIRE S ME R AR FRZERK » #lin  Pseudo-
monas EEEES B » (BRFE Flavobacterium B Cytophaga 7B Pseudomonas & B BRRRH
TR o

B R BRI B AERAERRA « B2 B AT R e B3R Moraxel-
laz Bt Pseudomonas & o

2 BAFZEARMBERETES » MY S RAATREE MEESERSL » LEESFERNER
BEAERR » ARG R B TR R A A REOR M » 355 R MRS © Nl oo g
B ELd > 1.0mg TMA-N/100ml (3% s > 15 microequivalents/5ml #:55%fy VRS (
Volatile reducing substances) gy ERZIEIAIE - — I E 2 » FEANFELE B B Pseudo-
monas B (FrpLl Pseud. putrefaciens $8 fluorescent pseudomonads E¥# R ZEUHIE ) »
HRE Moraxella » EAWDEZ Aeromonas ~ Vibrio ¥ Flavobacterium %% o

% =8 JBRBCAL N KWL (Tests of spoilage activity)

SR Z PIE R ISR M B Al R R B S R U RO RLEE o MTRIER D A T R 1
B~ B RS S TYE » B AEEL S S THBE S RINEE » SRBMERESEET IR
HIPIRE o SELER L RE 0 2 PRE B 3K AE R R b B i MBS T 2 AR > IR R MR 1
TEUEZEZHE - —BARUEME T T WHERE GRS M —EA (Substrate) » BIfEL—
FEEIMA RS EHE T » WRIER] - WEES Ry ECe pH 8L » MERIEE IR » Bk
BB 2R DIBEER AR 0 AHE ~ BB AT IR R (L oK » B B R R 5 o W
T A N SIHOeR

— 12 —



L ARG EmRhES

FLMIEEE SR AT - btk (Cysteine) & » MELFHLERBBAMILAY o
R LS BR AT LA YSRE  EE A R B L » RIL BRI R A S B E (IInGimeE:
B ERRRS) MARMEZEL » METEMEEELRILEZEN -

Peptone iron agar (Difco)w] RIsRIEMERER EETILEIHES » WERLFNEERS
MR » HRBER AR H N E R - 8L LN~ Peptone Fe agar » 420°C #55%
4 KPR Bz FREROHNEE SR A0/ RER A TG e  #RBRAELRIEN
BET © ‘

BL SV A SR B A AT AR+ SRR R R AR T R B R o

2. ABEERZAE :

FEHBIR SRR MTIEME S EE S HVBAVEES © Soft agar-gelatin overlayer plate
RARBEMEHNAE (FREGEZ—8E) FREIEBRZ—EHE o HEELCMEEMT -
REIAEBEEEE (0.005% MnSO,, 0.5% NaCl, 0.8% Nutrient broth X 1.5% agar) » £%[F
HBEMAK 5 ml # Soft agar-gelatin medium » FRH5HifEER L (Overlayer) - Soft agar-
gelatin medium ZRIAE 0.005% MnSO,, 0.5% NaCl, 0.8% Nutrient broth, 0.8% agar }
1.5% gelatin o FHATE B HEEEE L A4 EYE Soft agar-gelatin overlayer g9 I
BR LK SEEAERES AR 5 ml {5 SENEE > BUE 5 58  BIESRIEERS » FSHTRERE
SR R AIEERERIE A R ERE B  RIERNSBEERmMAUBRERS -

A—BEHE—FKEH (Casein) WA/FRNEMBEEASMEOE 2T » RERESIN
7\@% s BIELEENE

3. BB EAEE R (RNase) ZAIE :

B R 2 R 2B R B (RNA) HURETT o MBS BRIm 5T ¢
# 14 kefuA 20g tryptose, 25 RNA, 5g NaCl, » B& sk sane pH %7.3 » B4 0A 15g 2
% LB ZE (Autoclave) fnEREask » EIAEREN, o

BEREAA—BEEER_ELY » F—E_BENAO&E R LEEHE 2K R 20°C
e 3~5Ft% » BIAKY Sml gy IN HCL » B 5 S EEEESMRIVER » R fsEEsn
RNA i iU EEGREE » HEAEEES# RNA Y QIEEEREREGE — S/ E -
BB ZEEXRNRRHS W RNase IR/ o

EHAEEN RNase iFid) » BESPREREER: » A LS 8RBHNRE LAR¥E » B
CELETHERTHRRBNENE - Bn SR EREE S W RNase o

4. ZEEEHBER (DNase) ZH%E :

DNase &2 flE8. RNase iEHAGHIEEARR » REEE DNA Fift RNA o —ir i
B DNase iER#HEA RNase fEM: o
DNase 5} RNase iG#:gy R/ NARSR AR R NGEEAREEE LW » MEARKHIMEG » &
EEEETHER > JIR—ERTEE=ETREDI® » X B RS Mk B R E R -
5. ik REER (Amylase) gHAITE :
B K EERNNERRENEEERLE SRR ©
— 13 —



—RERER AU S BRI A R AVRE ) o (BB b 3 EE S O MR AT RIR DA R EVEE ) o
B KRB SR BV RIELE IR -

—as Pz (Nutrient agar) n2.0% A a ¥R (Soluble starch) » BEEEATEN »
PlsEgkee RNase g DNase JlEEARR » ENFEEERE L BBl » R 20°C B2 5RE » o
5ml 30% Lugol’s iodine %% (30 ml Lugol’s iodine jmj 70 ml seR) » EERHo0 RAlE
ERfEATEE D « HRGEES BBV 7 FOERSESEE e S NERER  IMBaHE
% R ES R RIEA T RGN « EINTHEES R SRR IR o

6. fgRi s iREER (Lipase) ZAI%E :

e B EE » REMEITAS S - BEREENIRE lLH R EE IR E A i o
WA DHW=T =8 (Tributyrin) Xk (Olive oil) “RIEFRNEFTAIGE
(DAL s Rk

a. WEEmsLLE (Oli‘}e oil emulsion)

Br 100ml ##in 10g fPTR{AEE (Arabic gum) » DIiE##E (Blender) §74)%% » 51400ml

K (50~60°C) FiTH » HRESNERIL O AHERE -
b. Spirit blue solution:

B 0.3g Spirit blue i AR 100 ml #95% R o EEFEMEEMT : Tryptone 10g » Yeast
extract 5 g~ Olive oil emulsion 25 ml ~ Spirit blue solution 50 ml » juKZE| 14 #F85HBHE
% > F98 pH (B 7.0 » BEEINA 30 g HPEZE » DU IR S E A B o
Qb= TZ#EE R AL

HREENEERNE (NA) (& 05% NaCl) Bi# 45~48°C > STelsRin 10 ml/4 Hril
=T=FER - R EEARE  BINR BN o

FHEMNUER S R » TRl A R RNERIER » EloR it R s
R 20°C FERI0K » B R DIETEIES o EEH M= T S B e 2R a2t R 2 M i w57
BRAZES » LHBERS IR ERER AN BNk 7 - YR RIES BT - SERigdussE L
RIS fR RS - fi% » Spirit blue EIBHEE@ » i HEEZ AERTEEANE » AIMAHEGERER
5 fREE ) o
7. ZBpR (TMA) &Rz dlxE

FEERZBTEEENEFH (TMAO) » FREC=FRERFEROERESER =P » i
ERERERFERERNIRS - ZPHZRESENT : # 8 ml % 0.1% TMAO ) Nutrient
broth (& 0.5% NaCl) b » B —E & HAERE » 7820° CRIER48/NEE BT R TMA o ElIHz
1 ml 5 BWERE » InA 4 ml kR Sml 75%=81cEE: (TCA) » RSB » WM LBEE
1mlspn3ml k> 1ml4%5EE (HCHO)~ 10 ml 484 3% (Toluene) F1 3 ml = 509%5E:
# (KCO5) » BiEAURES TMA BFREER » AHEE 4 ml (HFERE 0.9 g #yEKEREESH
s BEBMBEA—E B0V » InA 4 ml 0.02%75%8 (Picric acid) BEEH] » i 420 nm R T HE
HWGE » i (B8R TMA-N 3 O.D {HirfaymiE) #2585 TMA &8 - Biw4
5 TMAO SREFEERIEEAKA o

8. AR AT ¢
BRBIN—E R » R4 Millipore SBYEZRENE (Ti—BKE - DpIEEAHESX
— 14 —



SrTRTZIREEEIL) o TSR RN R AT L Rk A A A "i"%ﬁ—%ﬁl’nﬂﬁé‘aiﬁl}
e R (VBN) RFA SRR » Bt vl LIRS S IE SRR B A BB EET

9. fa i (Fish fillet) ZE AT :

BT R R B 2 R Bk - BB TR RRE W » B RATBUN R (9 1~15in%) »
PER—/NRBARARTAERS BAEE (R AETEL LR  RBRERARBRH
s AAGEAERER S » ER—E R —E R R A » AT BRI R E R A B
BB DB A 2 SR ARER » (BRSELERINL M OB & R TR AR IR 2 R TIIORUEE » 7 DU BB IR |
HE LR Y i o

10. 72 B EE BRRY R :

LB YRR B A LA B » RENERTA(CE R RE  WRNT I  We 1%
45 (CaCOs) fy Nutrient agar itk » wHIZ45° CREMA BRI 1 %2 REE - Teidikigys
Ef 0 BIATEN o 4 BRARERHRN 2R Rl b Bia—EMU% Q0°0) » BlEE
HREBNRESSEEERRTHEREY  BRR RS Y et

PuE SHARTOAHERERETIER
(Quantitative and qualitative changes in bacteria flora
of fish during cold storage)

FAERRESNEEE NGRS » MAEREZER » NMEEMEEE I REESREEE
IR TR s AREEEBE AR » EEEREHEIRE o slindaEE e (Cod) BEAE
20° G » corynebacteria F#E I o (BE BN 20°C ITNZEBEF » B Moraxella-Acineto-
bacter WL FEEIEME ©

PR f B R OB AR P IR AOAIES » R ZE A M TR R B 2 R RIS - Bl in— e et
R 0 R T 3 O PR AT BRI, (R00~5%) » (BRGEM T B R 4% » VBB R o8 in
(3~128%) ° K FER IR FFG R EA MM » REREKERR CBEEREE
) REMEERE -
 ERFEGERIT  BUEYEIRRIER » ERRANE  WREAERE R
gt (Haddock) f i Tt » TSRS 3.1 x10°/g » WEZJGHER 1°C » BEFHREMIRTZ R il
W2 AT o IORBEEHZ) 2.0x10%/g » WREBIZWYUALAN - EELREES > BHAS
FEER HeS BEAWBEBIRE  EMEENZRINMRIELARAR (B4—2) - BERHER &
BEHESMEEERS fluorescent pseudomonads B Pseudomonas putrefaciens, HyS BEAEED
P. putrefaciens: {4 —3Z EM BRI B {LSURBEBUR DU BRER o HILEREIP. putrefaciens
2 fluorescent pseudomonads F3fE 2 BT o LEXRAMEN 72 PIHT BERF BB K » (5HBEERC 1 %
BTN« (RS R FIORT B 0RE A pRe A IE R TR DS - B B OB M B2 30 2 I R A BB A Bk
o R IR BB & 4 R PR R R AUIRIR » D DB Bk R TR WIS ©

—_15 —



£ 41 BaERRhIET (1°C0) ZaEsMEeE HS &
48 Pseud. putrefaciens BABEHZHE GORE/AR)

Soft agar-gelatin overlay

Peptone iron agar

No. of days ﬁllet\

d o " ¥ | P T : oo o ﬂ"’:
(oret # TS | Torat soune | BRAS | X e, Total count, H.S colonies | HuS-producing
L% %
0 3.1x10° 85x10¢ | 274 | 32x10° 1.1x104 3.4
2 24%10° 6.0x10° 250  38%10° | 58x10° 15.3
4 1.9x 107 6.5 108 34.2 ‘ 18x107 ! 4.7 x10¢8 26.0
6 7.3x107 ' 3.0x107 . 41.2 ; 6.7x107 1.5x107 22.4
8 1.2x108 4.5x107 37.5 I 1.2x108 4.1x107 34.2
10 2.1x108 8.5%107 ‘ 40.5 ]\ 2.5x108 7.4 X107 { 29.6
e} -‘ Sr
o 8
o 8 r ui
- a.
<<
@ 2 257
d 7r L
— f
O L G
<< O <5 6
™ e—8 TOTAL COUNT WITH £
o E 6 PEPTONE-IRON AGAR S :z( o TOTAL COUNT
zx ! ©o—e TOTAL COUNT WITH Zx gL / e—e P putrefaciens
. 5 SOF T-AGAR - GELATIN o / o0 FLUORESCENT
- 0—0 PROTEOLYTIC COUNT = PSEUDOMONADS
0—0 H,5 COLONY COUNT ar
4 2 L I 1 1 1
2 4 6 8 10. .
3 i 1 4 1 1

DAYS FILLET STORED AT 1°C 2 4 6 8 10
DAYS FILLET AT 2°C

V2 ERRAETERESBE 4~3 BRREAETREY - P
H,S ELEAEEEeMmZMFR putrefaciens J fluoresent
pseudomonads B HZR{E

- 16 —



%5F ARAEET BO@E
( Microorganisms of public health significance)

— B ERAERKERREEEENERREBNAKSG (15~85%) » AHAEMEERESE
Y THZERLT » HOKERBF A ZMBEEEREE » WFREMERGEAE R ZINE » GL@EmgR
AEIREEENAYHE  (HAWERREAMZER » $IERE MK GRrEERH  BReg Tk
QBT 2 IKE » BRI R A H A SRR AR E BT o

— A R v B E B ¢ (DREAEEIE (APC ; Aerobic plate count) ; QKIBHER
KIBE v B (MPN ; Most probable number )} (8)ifn # ¥t BB (Coagulase)[3 i 2 £ @
BRE (Staphylococcus aureus) o ANBRERBTPEKINE (Vibrio parahaemolyticus) K IHFd
A2 (Salmonella) » i FIFAREHR o

RAFPFEMFLREMRTE - b DMBEE RS EGRERL R0 SIERE RPEHEG+E
98% fREAIBETEAFTS [ » LIBA 2B S « ARADRERTT (BINEE » Z2EXFARHES)
1665% » REEM23% » AR TR12% o BT R &Y E RS B AR —B R REE RS A2 S s
AT RRFTEK o MBI AR IR AR S > RIS MK BEEE (Salmonellosis) » FERIRBIRE A Y
d3 (Clostridium perfringens food poisoning) REHZERE /Y (Staphylococcal food
poisoning) B o

R EME AT EROME  EEREEARAR » FREMESCRTMERTIH » Bik
TEREEHEMAR » — R EL AR EEERE (Enrichment medium) J35EEE: 2% 2 (Selective
medium) » AR Z B BVE R ERT 0 REHREE(SES ZEOHRAHTR - SERE—BH
s BEFIUREGHBRR G2 EEL B4 pH WEMRSESEBECTRRGEREMIEENE » #EW
AR A 5EE (Differential media) 5% » DUBEE S M » BRYCEBRE » LE
REFI M IS R R E 2 « AEBEREEZEMARENRETESMIT ¢

%—f KB A (Coliforms)

KBEBE—BEUZ 48 MERRIA A FESMIBEEESB 2T K15 X OB BIREHE
Gram&tk ~ FHRIE T2 AR « TEEREABEE (Fecal coliform) RIEFEXRIBHE
(Non-fecal coliform) » #4515 1EAEH 18 » KFh4 pUARIEES T » TTRTRIB B M B2 B P
) FERIFESR LU RE R RSB RYIEE - DREARARGEEERY » Lt a
RN EBXBEELE » MARBANE (EHEMEBEe BERKEMT RN BRES
AHRBEE (B col) (HBAERRREETE 100g PREEEI0MT) o p%E RmEmy
TSRS 4 100m] WAk Z KIS EBRT0E » KIBEES14E -

XK B EE B ZE &

ok 25g+RHY (225ml)
|#m
B Laulryl sullfate trlyptose blr'oth2> (No. 1)
ARE 10~ 100 " 1,000 " To,000 " EHERMREL
lfj’q‘ 35°C 248/

—17 —



ERRRELRE ARG

Hi—F &5 B—H4&H
BAER BGLB broth? (No. 2) 148 EC broth® (No. 3)
lm 35°C BE%A48/ ik iﬁ/\ 45.5°C H3524~48/ 1%
E4REEEHEERBREND ELRMABEARNBHED
R RIEH Ry MPN® iﬂ'i 0.lml #:{fs (Spread)

EMB 25755 (No. 4)
A 35°C 224/
B&IBIER ZEE DN TRER KIGREE
|m—pew
HppsEE R PCAS (No. S)PEZER N |-
: ljj/\ 35°C §E2218~24/ M

i)
Gram Z@D IMViC 7[%;12.1510)
s RBEREZ MPN

HE:

D) BEFIRARIFTEREERS A - RENERSBLS  HEHLLBEE (Autoclave)
W 121°C ZEE 54 E » (HT BN » MESIHRRMALL 180°C mBRE2/MR

2) Bz 10ml LST broth 7 20x150mm & (A4 10x75mm ZEISTREELS) LaEss
Ao (R R E L NS A RS BRI I 2B TH o K broth A4 Sodium lauryl
sulfate 7 B pRH KIBEEEA RN ; 2%10 tryptose (R RIGHEBAEBANTEI%
TR0 o T RERR SRS B AR R KB 2 e S AR IR e - RRF R EFELR -
A o W2 o BRI AEM K B P I MR LI & SR8 » BRI
ERERIFERS

3) FieEA 2 SRR | D R o

4) AREERAREEERTER » a2 B ER: \(Brilliant green) AIHMHIRE TIZBC R REEAE
$E7RE (Fecal streptococci) ZEFE o ‘
5) mEERF R

T~ ‘ﬁﬁa . R MPN/
;ﬁcﬂﬁgﬁ\\ ® | Ig  0lg' 001z 0.00lg 0.0001g |ogoc probablegnumber)
EpEzEr | 3 30 1 6
3 3 2 1 15 x 10=150
HnE AT
3 3 2 e 1 21 x10=210
EVERWELIE £
| 3 2 Oe- -1 15
6) EC broth & EERH PSR B0 R BEERE 2 8478 » BRTEDL 45.5°C Bt
KEGEE o

7) EMB 521305355 o FTA#E4T (cosin) FNHTHLEE (methylene blue) J A5 7RIS Ao



LR AR RV (B o AREFEHH Gram [BREBEARAGIHIEM » HtGram
T P B R RS ARSI B © RIBISEA Enterobacter aerogenes BIEAERE G
EEFHEE  FERROSB LB AT EBRXIBIZHEGM
8) REFHER -
9) Gram Hefaik: )
A, WM—a&FZHRERER (pH 7.0) BB R RNERZEHN £ o
B. W—[&HE2E%  BAHEERH (Smear) R o
C. HAWRBINRTESE » BERIUAI~4K (FHHEEREFZEE) - TEAY
EREEHE
DURS SRR 1 5 EEAK T o
Ll Gram’s By 1 776 o
P95 Wkl (10808 o
AiEZ (HRE Gram BikRske » Gram BERER) -
BIFEAL (Safranin) $HASHALKELZ o
KRB Gtk Gram G256 0 T Gram RESHE o
10) IMVIiC #%#&: :
A. Indole test:
a. JRIE : BLEHE e (Tryptophan) E4 Indole, FIZBEHMEEINA T G
BRI IEZ © -
b. s . ,
(a) EE—H&EHEERL% Tryptone broth (5Sml/&Fzx34) (No. 6) » I 35°C %
ZH24/NEF o
() mA 1 ml ZEHREEZ o
(¢) pnA 0.5ml gy Kovacs REEE 2

.H_:x:_@:ﬂ.w.U‘

P-dimethyl benzaldehyde 5g
Kovac’s 3#)¢ Buty! alcohol 75ml
| Conc. HCI 25ml

(d) #% Indole FE4: » HISE Kovac’s RAITEZLELE ZH B A o
B. Methyl red test:
a. U3 : Escherichia SRAE®E 5 BAAMRER » W LM RISTRBIHZ o
b. FEs .
(2) #ERE—a&FEER MR-VP medium (Oml/F5%) (No. 7) K 35°C 553
48~T2/\E o
(b) HngEs 0.04% FEAIETBIRE Z -
(o) BEELLREE  HaRBHE -
C. Voges-Proskauer test:
a. [RIR : Escherichia B HIE T 4255 Acetylmethyl carbinol (Acetoin) »
IS E RS AR EEIRTHIE -
b. HiE .
(a) #E—H$FEER MR-VP medium (No. 7) (Sml/&FE) » 1 35°C 3%
EBAB~TL/NEF o



(b) Bt lml 558% > InAZEER Leifson’s AHIEE - -
(1) 10ml gk 1g CuSO, - 5H,O i 40ml Conc.
Leifson’s | I NH,OH -
(2) s 950ml 10% KOH Soln.
(c) #8207 Bk BIEE » 2 B BB o
* FDA ¥ :
(2) T—114HHER MR-VP medium » 7 35°C 55248/ EE o
(b) Ex 0.7ml 5530 it (Spot plate) | s 4n0.2m! 25% a-naphthal alcohol
soln o
() pn 0.1ml Y 40% KOH soln. % il FesG sy (Creatxnc crystal) #£ 2 /NEEA
BB B R o
D. Citrate test:
a. [R3F : Escherichia 7SHEF FIRSRER SURME —RR IR T 8571
b. s .
() #fE—-m&HEER Koser citrate medium (No. 8) » #£ 35°C 52896/ 8k o (
ER - BOrgmek DU LAY 3 » DS Escherichia F|FIRHE)
(b) #EEREFITH PEBMARE: o

Indole MR VP Citrate

Escherichia coli {1 + + B B
I — + - -

_ _ *
Escherichia freundii {I + *
I + + ~ +

— _ *
Enterobacter aerogenes { . + *
+ — + +

* (FE) REEERBEEERE - B4/ R RE TR RIBEEE o

%=t WIHR®HHE (Selmonella)

WFIKER—% Gram [ » FERETZEE » RETREHREYZRMER » hEMEA
HREMED » &5 W EmEERnPIER (Cystein) MELRCE » (FRREERE ~ 2230 (
Maltose) JH #%ZHE (Mannitose) SEEEELER » ARBEERILRE » FELIndole DIKEER
TR B LR AHIRER o WITIAREIE (Salmonelosis) REFME M RYFRZ— @ R AW AEL
Eiﬁ@ﬂuZﬁ% WREILRER » FAuBlUeE - REBFSRE SHAHR o Hﬂﬁ"i%%‘/@ﬁﬁﬁﬁﬁ

RS IBIBEEIR - MITE RSB EHZ

2R B HE B £ %
S 25g+Lactose broth? 225ml (No. 9)

|
F% pH £ 6.8

{
ﬁ%ﬁ%ﬂ%é’ R

£¥x 1ml Befght
Selenite cystein broth? (No. 10)
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Brilliant green tetrathionite broth®> (No. 11)
@, Tetrathionite broth® (No. 12) ,
[ 35°C s
WR2EEEIREER )
Brilliant green agar® (B. G agar) (No. 13)
Bismuth sulfite agar® (B. S agar) (No. 14)
Salmonella-Shigella agar® (8. S agar) (No. 15)
lm 35°C FEE24/i%
SE] SREETRERRREIEER
T. 8. T agar? (No. 16)
L. T agar® (No. 17)
J’jé\ 35°C B4/ )ves
B — R SER ORIVEEE 0 BE T.SIY HEk
l 7 35°0 BB

OfeBRE:

R pEEER (Urease) : [
g@@@gﬁﬁ%@%gﬁll) (Lysine decarboxylase) : B4
ﬁﬂ’iﬁ’&’:ﬂiﬁ@ﬁ%m (Arginine dihydrolase) : K4
Dulcitol broth (No. 18) : Btk '
TERES 1 [24 > Indole : Bl » V-P: 2o

FLEE'S ¢ itk > BIEREL : Bl o

1) —Rok i 82 K BRI AL — 58 » TSR EMA No. 10 & No. 11 Z8#Hp o

2) BodrEKE B2 RESERE » FEEEIMA PR ED IR -

3) BOMWPKESREGEEEERE » OE BY Salmonella typhosa ~ Salinonella
paratyphoid % o '

1) RPIRH R » FAME 2 S Ia3d - SLEID PRS2 Y% B HRET AL
FAREEER o DBERMEEI L 23 B RO B A Wk O EE S A G AR o e
B (Proteus) ZHBEEEAREEL LELARY -

5) RTIRECBEEERE » LHEH Salmonella typhosa B B5EEH o wHIH] Gram 5
HEMAKHEE > FEIDPURE BRI ARk o

6) WHRFEEB (Shigella) FIWMIHBRAREREY » BA S5 BRI RmEEIL
% LHHIRIBER S o FAEBIIDIIEE K AT R U R A R R RIS
B EANE 2 S B AR VR o DR L O B VST B B - KInEE
B L BT A DKL YR » ARIFRE! (Aerogenes type) SELREIE BB
K BRI WA Rk - %%ﬁﬁ%fﬂ@?%ﬁ%&%%%%? s TR B AR LZEE

7 B Gram [EWGARIFEE ZEERREEE » TSI medium FEEHEINTEIGR



#5~1 TSI X & 2 ¢ i

SR

SRR | R

5 R W # @ ®
B OHE & 1 %ﬁ%”@&%% | Escherichia
LR D , e e e
: 2 Proteus ~ Provide ~ Klebsiella ~
ﬁ I-I;{?Sigﬂ ?L% * R ~RR AR \ E,;:l)fe?;sbact;m‘”Ees,clfLZ I(.hlfl b}ieundu
Wﬁﬁ&]—}— lﬁTé ﬁ]ﬁié::@ﬁéﬁﬁé ' Salmonella
T ¢ AL %; \ B - e - — I
PR A P{;{iﬁéﬁ‘é{ %‘ijﬁaﬁflﬁﬁ%@ » Citrobacter
%[i B ) ‘ ﬁﬂ%fﬁ“’@@ i Salmonella*
N s —
Efz@‘ﬁ :H%S%% i /f\@ﬁ#{Lﬁﬁﬁ}ﬁ | Shigella ~ Proteus ~ Providence ~ Serratia
. Hy
w6 %ﬁ%~@&i?* Arizona
#OEiE & |
s B fRe \ HAESRIE~ RSB | Citrobacter
|
E AL 'J&F‘fff. ﬁ"— l‘ Alcaligenes**
& T : AL . ’ Pseudomonas™®*
AREA H2S | Herella**

* Salmonella typhi FEA/DER HoS » BffEFE o
ok eIk i 2 SRS IRS LB IE PR E R (Enterobacteriaceae) [UH:LLEH BRI o
H2 o AR ERERRIM SRR » RS ELMNE B RN » R RTE
% st ZHeTI o
8) #: Lysine iron’ agar v Salmonella F Arizona BETVHE A BRI RN FR FREE R ALTU LK
By HeS o s TSI agar 47K Uﬁ-ﬁﬁ Shigella &5 o FiEa B e IS EA M
fitgii i e A
9) RAEER -
10) RFLBEERAR
Ca B RS W R IR SR o R R E A S S o B pH 288 kT
HEZ o
b, A :
(a) Basal medium: 0.02% Casitone, 1.0% Yeast extract, 0.05% Dextrose, 0.02%
K,HPO,, 0.03% NaCl » % pH & 74 -
(b) #57%% : A 100ml K ZE FFIZ R
1. 0.2g Bromthymol blue ¥# 6.4ml 0.05N NaOH
IL. 0.2g Cresol red ¥ 10.6ml 0.05N NaOH
I11. 0.2g Thymol blue ¥ 8.6ml 0.05N NaOH
By 12.5ml (1) ~4.0ml (II) J% 10.0 ml (I1D) $&2
ARk pH s Sl 2 B BT R > pH 74 BERHk 0 - pH 8.2 FERE (. »
pH 9.0 BrRskta o
(e) B :
WM EI QR R 2@ CFiE#) » SR 2ml 19 Basal medium 1 » J 37°C
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BRASNE > I d~5 M&EHREEIE - iy 0.02ml 20%3583% Millipore 2R3 »
37°C #5358 240065 > I 1 #3838 Millipore ZRATRTH] » I~4RKANBIESEH @28

A
11) BEBRRRERIRREEE R PR /
a. R
HZITI I\IIH 2 Lysine decarboxylase
H,C—CH,—CH,—CH,—CH—-COOH =~ 7
Lysine-
H,N NH,

| \
H,C—CH,—CH,;—CH,—CH,+CO, }

Cadaverine (EER)
MR R SR TR IR IR R B R R AL S — R — e 3 Balmimidii
W HRE B AERBEMAIEZ
b. JpEE: '
B TSI #E3H ER—E4B 2 5kt % » #8A Lysine decarboxylase broth
(No. 19) » BBURIER » ¥ 35°C BR&RA8L2/Ey » MIVFEIZ—K » HERORD
i HEREM
12) FERETER —KIREESR 2 BI5E ¢
a. JEIE H;N

C—-NH—CH,;—CH;—CH,—CH--COOH Arginine
7 : |
HN | NH,
i Arginine desimidase
HzN\ .
P C—NH—CH,—CH,—CH;—CH—COOH +NH; Citrulline
7 |
(@] | NH,

l Citrullinase
H,N—CH,—CH,—CH;—CH—COOH+NH; 1 +CO;1 Ornithine
) NH,
b, g
A TSI #ERE EIR— A 4T 2 FiETE » 487 Arginine dihydrolase broth
(No. 20) » MRS IRRBRIEBER L » R 35°C K& 06/ » 4924/ EBIZE—2K »
Hi 4R BERORBE » BOREM -
13) FERERZUEmE s JE ¢
a. IR R U SRR e R o
b. ## : Bx 10g proteose peptone No. 3 (Difco), 1g Beef extract, 5g NaCl, 0.02¢
Phenol red, 10g Sucrose (& Lactose) » ink=14 » P95 pH & 7.3 (5% »
—f3 0 Sucrose » —{hu Lactose) » 7% 5.0ml 853N ERAYE (NERENLZME
BEE) » R h L 118°C Bep 105 SR B © ,
C. #BfF: WM—BE&HZFHEEIMAREF > B 37°C 558 24 ) » BERBELERD
4L&,l; o
— 23



Cm#FRAE' (Serology typing)

14) Kauffman White ZHIE 5 #H1

SeLlEE IR (O-Antigen) HZE ) EHRA > B~ C Dot BB E 8 1 (H-
Antigen) sk » PIEZBH phase 1 ) a~brc~d--8 phase 2 f) 123+ 4.neee S/
fEmal o

— R EEEPRARAERSINT - EEBNEIN L > Z3R L—5 Antiserum X — 7 L #
Serum (Rabbit serum) » & in— P &EHARE » WEHIH AAESR » DIFE Antiserum SHEHEREER
&5 FAERERE2BNRELE (Particle agglutination) » RN ERIKARL o

EAENEMNS  FIRERRREYNRNE » ER—EIEASEIRAE - HFESAE—#
#2348t (Fluorescein isothiocyanate dye) #BfR Antiserum #y HMO# 84 (Conjugate) »
Hif® Fluorescein-labelled antiserum EEMBGRAEENTIA b > 830588105 » BigsH
SOVBIEE RS TRE » HETENIEW Salmonella HEETFIE » FEERENRET 20 EK A
FARIR » FALMEEE RUEEDIBI 22 o IR WTRE R E A ME > BRVMIKEZEERE 10°5/ml ]
b BNE LA B TS (Fluorescein conjugated antisera) {R%ERIE
» LR s e SRR ARy Salmonella T MAMBT R ZETHER

% =% B £ IN#A(Vibrio parahaemolyticus)

IBRANER— Gram B¥EMFERE  BEREKS  AEXRBELREFEARS  ER7E
B R OR BB AN KERYMEETSERAEI S ; HAKBAEN R PEREE 52
M ERYPER 50~70 % » FREEREART IR 2PRE 10,000 4 E » —A-LT44EENA
13,000 2% ; ERAAREAEFT G R 2R B SRR HBE - BIRERSF AT & > FItBEEs
RBA TSR ETIE  RERESRSRS A AR » IR S A BIERR18% » (Erhf Rt
A% TRRAAETFEIHE ABPETEM M AR

— i NEEREIY 108~ 1050005 SN o & 5 R AP - ERKEARE R BRI TR TS
HEES 2 » BEBOIEENREERE LA AENER (Haemolysis) » iR Kanagawals;
#: (Kanagawa positive or Kanagawa phenomenon) » REEIMIAHERHRS Kanagawa & o
—BEARE PR EERE IO RS SINEER Kanagawa Wik » (HEHBEERFHIKE
BT BEHSREVENE Kanagawa B » EEFRERAHER « BT 2HARES Kanagawa [
HE4A Plasmid » T7EEHEAEREH Plasmid » ##tHl Kanagawa B EEE Plasmid 57§ o

b XM E 2 & E &

LEVKE : Bt 50g KERFZARRIGEBZBAERA o
(OFHE - RIERMEH R ~ RREAE -
(@) R « B8 BB -
@FHE - B » WEEETP.OEAL _(Ei%%%ﬂ?@ﬁ) °
2.0 450ml 3% NaCl &% (No. 21) .
3.5 8,000 rpm #E L SrfE  HLEFRL ¢ LOZIREE o

AR 155 100~ 10.p60 R L MR o
5.8 71710<ﬁq%%§(%m3% 10m] E&E 4% 10ml 2 %35 (Double strength) gy GSTBD (
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No. 22) (HREES 1g 38D o
6817 > 100 * 000 10 Gop L AREBEETOE | ml % GSTB o o
1R AREIEI5°C BE—H -
8.LIER 3mm KZH&H B ERSE MR AHBRERER — B&F8REER TCBS» (No.
23) HRPE L CEESER A% > AIEE® 3 MABSBAIEEE) -
9.8 35°C B8/ o
1075 MRS 2 SRR B 9% > RSN 2 LD Bl SEldk =
(1) TSI #%iHE (No. 16)
a. BURRZFRIFEE -
b. A 35°C EH—& o
c. BRINEEAMENFTE » ENBRE ~» PELERBRBLE, GERH Shigella like K|E
) e
(2)TSB*» (3% NaCl) (No. 24) #1 TSA® (3% NaCl) (No. 25) 3 o
a. HREHRN 35°C BE-® -
b.  pfbRE# Gram Y EMBHSRE -
c. BIINER Gram Bk ~ BEEZSMBERRZ SBHRNHE
@EE MR
a. ¥EEEE Motility test medium (No. 26) ZF4E » ZRIE KR Smm FIRE o
b. A 35°C 5524/ » BN RIR 2HERESEMER G
c. BRINEREEEY o
4)Hugh-Leifson glucose broth (HLGB; No. 27)
B TSA A ESyHEEEZF RIR2:Z HLGB medium 3 o
—HRAEEE BN EREENAERE M Paraffin oil) » F—HRNEE o
R 35°C BEIK DERFWER o
EERE R OHEER  RRRBERKILEY o
ERBEE DM AT ROEE  ABEECAERS » BRegdbBokba&y GRENEF
£E2) o
1B ¢ P R B AN » (AR o
e Rz R RlIE (Cytochrome oxidase test)
B TSA REEER—E&FCWEE - BEER TSA MEL -
1 35°C BER24/NR ©
n2~37% a-naphthol ¥ (No. 28) » {#FiiBEERE ©
FEhn2~3% phenylene diamine %% (No. 29) o
R 2 ENELREE BRI
f. BXINE R A RAEERGE:
O K EERNTE (RAESLIETE) Bk
(DRI AR RAE (RAEFLIGTR) Bk
(8% B (Nutrient gelatin) (Gelatin hydrolysis) o
a. B TSA HZEIE LER—BA&MeEE » &) Nutrient Gelatin (No. 30) o
b. A35°C #55EL~TK

oo g

™

(5)

3¢

o 0 g



¢ BHE20°C BEBEAEKELHE  BEREAAREL - gelatin FEWIRE - FERET
SETETEEIER L ©
d. IBsANEEN: Gelatin HIWE o
(9)Salt trypticase broth (STB) ; §ifEE¥i4 (halophilism)
a. P TSA ¥HRELE » BE4E4E 0+6+~8+10% NaCl ;2 STB base (No. 31) o
b. A 35°C BE2M4/NEE o
c. IBHEIMETLIFEORS8% NaCl whEH » HEETE0RI0% NaClh8l » BREEEARE
o
aogenE42° G o
a. B TSB BUSBMEAZHHEE QT - SR STB 3% -
b. AR 42° C BERANE o
c. FEHENSERAIRGIE
d. BEIMEIEAREREE

@MR-VP medium (Voges-Proskauer test ; RAFH—E) » IBRINESEN: o

@dIndole test (tryptone broth) (RAZE—E)  BAIIERWGE

(9K b msiidlE (Cellobiose, Sucrose, Maltose, Mannitol 1 Trehalose) o

a. B TSA FERELW—HE&E » FRlEEREEERE (Cellobiose) ~ FElE ~ 2Z0HE - H
TRy (Mannitol) ~ #gkE (Trehalose) ££53%#K (No. 31) Hio

b, A 35°C 858B4~5K o

c. EERBAWRIBOHRBERRTERERES

d.  IBINETELA R B REAEAE EEPE pE L - R » EEEESERE U AR o

WHAb : MKanagawa phenomenon 54 o

E.

1) Glucose salt teepol broth (GSTB) rspy teepol ¥iFZEE Shell Chemical company £
A4 » 7 neodol &7 o FIBKRINEFEEIN 3% NaCl » % teepol & LIH4IH;:
R 2 AR » RS RIS - HINY Glucose BEEFEET) » WAKSBRLTRBES
B o

2) Thiosulfate-Citrate-Biles salt-sucrose agar (TCBS) 315 28N g A 5 B » #iokik
B AIBERRTE © Vibrio cholerae (V. comma) ©E18~24/ N ISR EBRIETE o Vibrio
parahaemolyticus TR CEER O » V. alginolyticus £ RERE O LMBEE
B KB ~ #EE ~ IBEkE (Enterococel) WFF&8AE - HEEHE S/ B 2F IR
o AN G N ER cHEEA T AEYE - BEREE (Pseudomonas) FIFERE
R el B (Aeromonas) AITEEEL CUEa Y - FT& 1B T B P HIHIN TR BB M R SR TR e 2 BATE -

i

vt SFEHARLY (Staphylococcus aureus)

WEIRERE (Staphylococcus) FEIFRME: ~ BIEHAYE ~ Gram [BHETEERT ~ THREEH—
BUNEREE o BRSO 2 BUE » — 3 ~ BUERIR— B DU B - ERMEERERS o HhblirEE
& EEHERE - HAERNEERARR » BEA S ImBEE X —#KiAERE|] (Sanitary agents)
AR > T VA ESET o wiiie s (Enterotoxin) Zfr7E » WER—BAMREZ ZRELEHR
BUERFRIFRE PR ECEY » FILURESEAIA RS AR T EREEE 2— o AERET]
REECAYTE » AEBRILEENE - BB STtER M IEPERS » FA-B~C

26 —



DX EZ£MmFER - @B EREERmWERIIRIV FrEEY ; IARES 5 Wi G E R
5% (Coagulase) {fifE 2 M WRURE » B WEHE SR ZE RN RE AR 2 B o

cECABHBEZRER

— ~MPN 3% :
S S
OB
OB
Trypticase soy+10% NaCl® (No. 25)
l;yg 35°C BEE24/ NS
a2 A Baird-Parker #7294 E (No. 32)
JA3T° C 224 ~36/ Nk
TSA FZRHmE*
| M35 C il —1
Gram g’é{‘é : [t 0.lml Brain heart infusion Ibroth‘”

(No. 33) | 44 3500 g0

fn 0.15ml Reconstituted coagulase plasma®
[ 35°C ks 6 vl
e Coagulase 5
=~ f 33tk (Direct plate count) :
AR EAE >100/g & -
LYZEL 0.1~0.3m] ZEERERERAIE » BHiFEER Baird-Parker {2878 L » FARER
HEIEERSE - 12 35°C BaR48/ o
LBBEIYET BN S o BAEARRREZEYE o A BRI AT BRI Z BE o
3B FEA 2 WA & L {EF Coagulase test (A ESR) o
4 EAPE : Gram Fef (BHE) » BEEHE (Catalase ; k) » FabERHBEEE (Man-
nitol) FEFEETIZHE (RIBRBY: » BERBE) -

B

1) a. ERARURE » ERAERREIRARR 2~5°C BIR<ISIF » 35508 5 RBHA
S A
b. Tt 500.1g ZREHIRH -
C. i 450ml BB » SESRDE(8000~10,000 rpm) 5 TE LU L AL
i YRSy TR o

A BEBER gy o 1000 R R AL RRIER

2) BIFEME EEEEE » ££10% 2 R E chip KON IR » WEHEZ o

3) £ Coagulase B4R OB ERE LEBREN AL » AREES 2~5mm » FHZ
REBEE » B H Rk (Off-white) BE4&4 (Clear zone) o Coagulase [EH:H#7E
AEBREGTA  BRHEG Micrococci §HBLEKRASRACHEYE » BBAIBAE -
Bacillus SR AHEEETER G2 SHE o

— 27 —
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) EFEER o (Trypticase soy agar, No. 25)

5) BRRABMAEDZERR » B Streptococct, Prneumococci SRR ©

6) SEIMmHE (Rabbit plasma) n 0.15% EDTA F0# 0.85% NaCl Brfd gk » £t —20°C
~+8°C » FTBRERFERFN2~8° C AR T2 NEAIE R o

% Ak W #} # (Enterococci)

BBk R —2 Gram Wtk ~ HEEREYE » 2EREANTERVEERER (Streptococcus) » HLEE
7+ Lancefield fyiEE DEYSERE o — AR BIE Streptococcus faecalis, Strep. faecium,
Strep. bovis, Strep. equinus N Strep. avium o B HhEARHEENEEZHEH Y » KEFELESSY
NaCl AT X pH 9.5 T8 » % 60°C THEM304 & » WERSTHAEEIERD » FELS
R AFERENEES -

B H B Z 8 F Z

— ~MPN & gEReAEEL AN

LA BEARAHRERZHER - £#0nl & 3 ZREFES (A5 10ml ZKF Streptococcal
broth?> (No. 34) % Azide dextrose broth? (No. 35)]

208 35°C 1248/ o

3.% 35°C KF Streptococcal broth EEFEHGRAEGYE » Azide dextrose broth EREBIE
Ptk o

4.5H MPN

=~ BHEHE  EARGARRLZAR

L BEERB A MR > i Iml R_FEmA -

2.BA 15ml =472 KF Streptococcal agar® (No. 36) o

3.¥EERL

4 SR AR E R - EIENEEA I35 CGREBRA8/R: ©

5. MR B AL A BUE S P D ERL AT EMLA o

6.5180Z ©

S -

1) —ifife Streptococct HEERERET| » BEORTER o

2) BREEETRATEER Streptococci B, Gram [EHEAE » A ERSREHH o

3) AT AEEF R BE - BE > AeRHMBEE Y BES R B KF 13
FRAEGE S Streptococci 5 S. mitis, S. salivarius F1 S. fecalis, T S. cremoris, S

lactis, S. pyogenes 1 S. uberts BIRBEBHYITENATEEE » Pediococcus cerevisiae Fl
L. plantarum RITSHESEHE » (EREALAEBSHTHLE o

BN # A % (Clostridium)

BB AREATRE (Clostridium  botulinum) RERFKEWRE (Clostridium
perfringens) BZEEE - AGRHERKREETRE » BEATHRSPE IS % (Neurotoxin)
IR ZBRETA ) HRECHEIRE - EMEEAYPREUERRES 0 HEEHEE  —2AK
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HIMABREFIRIE AR A ZS o

KEE—-NANEB-NETFIE 672 REBHBERE 50 LDBIRE  METEFEE
963 N\ (1481 A% » 39¢:BAEI » 19 ERFILEEF R o

ARRRAZEEREFRAEC T REE WA B RPN » ERERVERTTHM » X
BIETGEEMT

HEERHE R INA A B (0.IM pH 6.2 ZBERERIR @Y » hiA 0.2%1) Gelatin) » 32
R D (7,000 rpm 30%)%% » B BRIV G B (mouse) it B » FHEEED/NER 2 £1L
£ A~ B~ ERFAIBMTEAL 0.2ml fESFREESS » SEHM S A4 X 1 BHHEHE D0.5m]
BRSO LR S AT CHIRA 1) » A% D ERIE DR 100°C Inl i 10 - ysk b
0.5ml HARE:RES CGHEA 1D o

R
| B
BB

7,000 r.p.mt BN 30458
100°C RFEI0F «— 1 & W ﬁﬁgﬁ% (A~ B~ EgiF£3)
| S\ 0.5ml |
| 0.5ml D oam
| 10.5ml ~ |
d d N
ORI BREI RERAA
BSR4 B VEE » EREHRE T XRPLH A E NP B ARBER » BEER
REETISE » AR R IIAS » BIRTEERR A ABTTRMNE - ERFEFREHP 2 BRETH
I FERENREBERSE » PIIHRARIMFERENRBRELET » B -~ E ~ FAPMEHAENLHE
BIEL » AIFTHIERRPIVERB AL - ARAEERKARNHERINRER CEEHE 5~10
%) BIBLIITSEVES » MR AR R BT EESEIE o BEHREREREANNTE » S RLHE
AEEN 0.25m] F4t o XEMWETORE ZUFERIVETERE (Precursor) RRREL » TR
BT LMEES T a8 a3 hn Trypsin fFEFEME(L » BI7E pH 6.2 Brgin Trypsin @9 #571.0% (n 1:
250 activity #y Difco trypsin) » 7£37° C{R{R30~60/7-g46 5 i D314t - =R ER BN b
% BERSERLERNEEEECTRAER Trypsin fERHE o
L4 B RAF A EG L RER (Agglutination test) ¥EIRERTR » (AREZE (BESRW
BER) » BA - B~ FABRS TZESHSHERNIURER - BB 2 P1EIE W o
HRAE SR EHERE I EEERR » SRS LSRR o i L N EE o WMk
&/ Cooked meat medium (No. 37) # » #880° C R 304 4% D ¥ vk — SR DI B AU SRS T 1K
EPEITHE o BANEEREW N E SR Fhagiaikes » TUEREz S8R HHRA 60°C 2
F30~6054 o B E IR ES T DU R R BE7E R B - BB i SE R B A B SR o

% fp B E#A (Molds and Yeasts)

AT B IR B RS I £ REER AR - —REFUERERE
ZIE AR R AEER S ~ (& pH (FBRME) A% » M — S E AR REZEER ~ &
KoREE pH (hESEeERE) BES5%HE -

EIRREZRIESY » BRACR ~ BB &M E RS - KO RE - —REY
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s HEROKREEE ; SR —BEREE - RIS BafieARNEEE M CHRAEME A ESIE
MERK  BEBLEREE K2 BERENRERALBER RN S5IE o

BRI B fE ST » BEEORRES R NEM R P EREELER » #iin Aspergillus flavus ZHH
7% (Aflatoxin; Mycotoxin §j—f) WFRBELEE  FUERBISEENEIEF  ERAY
SBEVEEEE Aspergillus ~ Mucor ~ Rhizopus ~ Penicillium ~ Morilia ~ Alternaria ~Cladosporium
~ Qospora T Fusarium 25 o

BEREZ RO - B (EERETZRE ~ KR ~ 88 R84 » KD RKEY
ERZ  —BHEROEREERE ZWE - BARPRE LAV Saccharomyces ~ Candida ~
Cryptococcus ~ Rhodotoryla ~ Trichosporon % o

B E K &
m OB R M

|

Potato dextrose agar !’ (No. 38) Potato dextrose agar!’
[45°C Hn Chlorotetracycline (CTC) (0% ERE (tartaric acid)
B Chloramphenicol 40 or 80 ppm j % pH =E3.5]
A EILA BIAZELA
JR22—25°CEE3~5% | %5?;%;{25 Cz
AIHEEK AIEREH
= B

1) FEERIERI RS » RITREIIAESR » EMEEY 58 -
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BT DR RI AR
(Bacterial flora of fish pen slime)

BAERRERRBOKE &R AR ARBEERE T8 - FERERMOEIE » ’
SRR R » R ARE 2 ik (Bulking) sRETEREY R - HE W2 RBOE Ik
B o UK A AR o RO R KK TR R RS E T ARERTRE—RBHEEE
FYERERR (fish pen slime) » ZEDIE— AR B RIGRR RS RR B REERE - —BREREN
AR » HFE R L2k (mucous) » HRERARILMBERIZIER » (AERBRARIEPBIEER
HR R 7 IR | AESUAR ATERB P T EEE - iR (Haddock) WaffiRERiT i
BOFREAR o ERSERIT

B dh SRR 4G w0 ) B R A
(Bacterial count and species of fish pen slime)

BHRHAAEMAK » o7 BRI PRIR 5 BG RO T 0 88 4 K88 5 KIRERRS > ZER—RBER  FEE
BRERZEA RS (BIEE AT ~ B EPF) ARG » SR ASE R ER » £ 2000 55
B RRMEBO-LTIAR « & g FFTRAEBRBEEE 14 x100~2.5x 100 2] (RAE&REZ RS
BER) FrAETR BN —i SRR BN T &8 B MBS GRS » 2 100~1,0001% 245 » RiLiEnE
TR WL IE A BB TEE ORI AT S W N R R LR » IRE—p s » BR THRREE—
K (Capsule) HEERYMALEAME (AE6—1X6—2) » SLL T HHRAHIR » KB HBME
TR HRRFTEL o

IR A EREER » FEMEGEEENE S RTINER -2 » BEMETPLL Moraxella 4
B E 0 Flavobacterium [ER » BRE Pseudomonas » 7= Pseudomonas Bl Pseudomonas
group IV, fluorescent pseudomonads ¥ Pseudomonas putrefaciens &% o WLTUEE R MR
&R Corynebacterium » JIEFERAE » MEAART(GE O HAE » (B REEMARHRERSFNE » Bl
HAT 2 R E B -

® 6~1 RBRERZERREMERRERER

Bacterial count per gram of fish pen slime

Vessel no. Nutrient Agar 1‘ Peptone Iron Agar 1 Pseudomonas Agar F
1 Total count " Total count ‘P. putrefaci?ns ’ Total count | Flavobacteria pgéﬁ(él:r?gg; ds
1 L LTx10m #2.5%x101° 7.5x107  * 1.8x10% 6.7x10° 1.5x10°
2 | *14%10° **1.3x10° — 1.1x10° — 8.0 107
3 | 7.6%x10° *1.2x 101 | 5.3x108 9.4%10° — 5.0x108
4A } 2.6x10° 5.4x%x10° | 2.1x10%8  *6.1x10° 2.1x10° 1.5x 108
4B fL5x10° 1.3x10° ‘ 4.5%x107 \ #8.4x10° 5.1%x10° 3.5x10¢
4C . 36x10° 4.5%x10° 8.0 x 107 “ #6.8%10° 2.6x10° 1.5x10¢
5A ; — 29%10°  8.0x107 1 *74x10° | L1x10° 1.5% 108
5B | — i L7x10° | 1.2x10° | *4,5x10° 6.5 10% 5.0 107
5C 1.1x10° ‘ 24x100 | 11x100 *7.0x10° 9.0x10% 2.0x10¢8

| |
* Indicates value taken as total count of sample
** Number which were counted on Trypticase Soy Agar plates
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x® 6~2 ARERTHEERRZER (%)

\ ; ‘ \ Pseudomonads ‘
Vessel " Mora- }Acineto- Flavo- = e Heavily
el (e | bk | Tou | Eon gy, Sk, | B P | o
Feeuds: | prads exc. P. put. 111 v

L 6019 <100 2680 12.97% 6.06: 0.303 oz 1.00} < 1,00 667 0.04
4A 44.09 <1.000 3440 20.69 2.50 3.50| << 1.00 <1.000 14.69 0.82
4B 32.38‘ < 1.00‘ 59.50 7.52‘ 0.04 0.54; < L.00) <<1.00 6.94 0.60
4a 3747 375 38200 1838 2200 120 599 <100 899 220
5A 6443 4.30\; 14.86; 16.00‘ 2.03 1.08 12.89) <C1.000 <<C1.00 0.41
5B - 49.44 \fl.OOj 44 3524 LAl 2.66 26.98 449 < 1.00 0.88
5C 3223 2148 1286 3129 286 157 2686 < 1.00 << 1.00 2.14

a <1.00 indicates organisms were not encountered
o SRR T@E GmRTE
(Cell morphology of fish pen slime bacteria)

R (Pseudomonas) FSIEF ZFEHW » ARRERSE CEHEE Pseudomonas  putrefa-

ciens) » Pseudomonas fluorescens 54T (polar flagella) A:RAFHALHI— I » WAL S

TIBURTE (6—3) » Pseud. putrefaciens HIFSTE » HAR WEEHA R EA (W6—4) »
SEREE LIRE NN T 0 AL Pseudomonas AR ENHEE » MH6~5 o
Morazxella-Acinetobacter 245 f2H (Coccobacilli) » AT » K& LW » DAL » 32
Y ATB I T S BN KA (pleomorphic cell) AE6—6Tr <

6~3 Pseudomonas fluorescens HJ§EE

s 33 ==

-
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6~6 Moraxella Hy#HRE

Flavobacterium HIFEENERNES » EWERRREHEHE » BERE » LBHREE »
TR » HEME RO REVRIE » S RAREER®E (H6—T) -

6~7 Flavobacterium BYyiARE
Bty SERmmBO#EE
(Enzymes of fish pen slime bacteria)

MG AT o SR 0 NMERAER BT L B RER R - AR REEME RN EER T
— o — RO LT BRI B 2 A TREESR S IRERE6—3 ©
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i ek LEER (Cytochrome oxidase) 2t a B a; WilHh > EHEHARKEBETE
% (electron transport) RrRHAEFAERSHMYEMRRESHTIZHE  BRIFREXE
PSRN EPET ER SRR E SRR o — RS s AR R IR R S T s R T
BUK ¢ IFSEEMEEREEREART » AR A RHE (B0 NaNO;) EEsETFA2E » X
BT o

HiE Cytochrome oxidase A {HGERHE » BIFHELETSR 1 %1 tetramethyl-p-phenylene
diamine (FFHMEMRIRE » HREEREE » B LDRRISE BB AR EER) » |©
FEESNEE-A¢TE  BERER LURRER L » EEREE S E | K Cytochrome
oxidase [5Gtk » TN E (HATBHEE) BIREE » REBETHRTZME (BrK L flavobacteria
T SLFUKEVRE corynebacterium #4) #55 Cytochrome oxidase [ o

Catalase (JEEEER) I 3 %09 H.Op BHE B Hy » RILEEEEA ILO, *EE@%E%E%
HIEIREH » EIMRETRE S catalase » Fif HAREHWAT 4 Bt VTR ESR catalase (&l o

MR EIsEEs iy (R s EREREFRS) » FEHESEEEBRNERKED
ZHE o FRHLEEEMEEFENEERFE— SR EEZWEEEENEFN AT S -
B R PBMERAE Pseud. putrefaciens KAy Flavobacterium HWBAE /3 fREET » TTk%Z
BRI E S ERT) iR Pseud. putrefaciens #h&r s Wk F%5% (RNase X DNase) » X
%8 Flavobacterium W& WILEE SR » 9% Moraxella tmRE—FERESf# DNA ; FRABRIEY
I ER A 5 B RE ) » Rt 80 E £ R FEENRESTHET - f%ﬁﬁ%ﬁ‘éﬁﬁ?ﬁﬁﬁﬂ%%
EEFTHRA BRI IR, » By DPseud. fluorescens F/VEHy Moraxella ¥ Pseudomonas 5\ EhETNEE5- 18
BEERR TR BRI BE S o WA By Corynebacterium . 3 TSIV RAERLZ Pseudomonas &
Al o HERERRIIIETRRERED -

=Hi (Trimethylamine) RKEYRIEMZEER St R I E N EE R R a o
Z— » B 15 EilsEz Pseud. putrefaciens ~ Hfth—8t Moraxella % —%& Pseudomonas $
Flavobacterium HEAZFP2ET] » BLEMEEERAIL=FRE=FK (F6—4) »E6—4E
RHETISLMBE T R Pseud. putrefaciens FHEK HoS WEET) » DB AR ZHELE R
BB R REEFRAOBET) ©

T 6~4 AREERTPREEREZRR  SEEREBZEN

TMA (mg TMA-|

Cultures! | N/100 ml of } H,S HAc \ o
o . .+ _Broth) ¢ 1 _
Fluorescent pseudomonad (13 0 | — —
P. putrefaciens (15) 6-13 ' +H to HH —[+] 6
Moroxella (6) 0 — —[+] 1
Moroxella (3) 1-6 . — _
Flavobacterium (3) 0 l — —[+3 1
Flavobacterium (1) 3 | — -+
Pseudomonad IV (1) 11 J — —[+] 1
Heavily mucoid corynebacterium (6) 0 J — —[+7 1
Heavily mucoid pseudomonad (3) 0 | — +

! Number in parenthesis indicates the number of isolates tested
** Indicates the number of cultures which exhibited the results shown in [ .

ECERE » WEETELS HS RANERES BRABKZ—RR » ARERT Pseud.
putrefaciens TWi—BABRZNE) HoS LRNHN—E » —i& Pseudomonas F it flavobacteria §8
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EERREER - EXSHRIHEREREDBED -

D ERrRlE A ERe i A R N BE R 2SR » T Pseud. putrefaciens X BB IS » B
HETWEABEARS RERNEESR » H2kE Pseud. fluorescens R8Iy Flavobacterium 9 Mor—
azellas P BEIEBREZEMIER -

Ry A REBEEER
(Cardinal growth temperature and salt tolerance)

CEREBE

SRS T A RIS M - REAERRES 1581 20°C » AEAPHRME 2R HAE RIEER
0 7% 25°C o 158k Pseud. putrefaciens WENSHEARRERS 15°C REARBEER —5°C
» RS 30°C o ZEY) Morazella LRBEFHER 15°C 3 30°C o F=1E¥KE Pseudomonas
ZERIEARMBEES —9°Co fFILEBZSEER » BHILERE 2K » 7T# Nutrient Broth jn
A 3% NaCl X 8% glycerol ; EyhmlZE RIS RIFAHERBEFSEZME » SHE
1 5°C AT > B6—SER—LIERMEEAEARBE N2 A B

0401

030

(660 nm)

o
3

TICAL DENSITY

Y

op

o 0 10 20 30
TEMPERATURE  (oC )

1. Moraxella M-1, M-2, M-3, M-4, M-6, M-7, M-8, and M-9.
1. Moraxella M-5.

iII. Heavily mucoid Corynebacteriton C-2, C-3, C-5 C-6

IV. Heavily mucoid Corynebacterium C-1

V. Heavily mucoid Corynebacterium C-4

6~8 FAREE% TR Moraxella [ BhEiyL%h
Corynebacterium HERERFEBET
ZERBED
38



Ot 88

RiEXSH I AIE S R U BATE » — R BRECREWRER 2533 %  BIEFELEK
B ZRE o REBUILBHIEENS—1% 2 &% » B4 b2 Morazella #E7it 10—11%H&8 (
F6—5) o [LAEHIRZ MR IR NEE—5 » B IRNKLEFWEEEETARBMRE T 24

R 6~5 REAKAPHEBEZMERND

Culture??

Fluorescent pseudomonad (13)
P. putrefaciens (15)

Moraxzxella (9)

Flavobacterium (4)

Heavily mucoid Corynebacterium (2)
Heavily mucoid Corynebacterium (2)
Heavily mucoid pseudomonad (3)

|
i
|
|

Salt Tolerance (% NaCl)

6-7
5-7
5-11
3-5
3

7

7

0.35 g
030

0.25

(660 nm)

020

015

OPTICAL DENSITY

=
N
o~

I. P. fluorescens P{-1 to Pf-12.

1. Moraxella M-1, M-3, M-6, M-7; and M-8.

111. Moraxella M-1
1IV. Moraxella M-5.

NaCl

6—9 Mgk ES Moraxella [ Pseud. fluorescens
ETFREERE TZ24EREN



FHER o FELHRER IE RS BAY RS RV R B » B A RH RERTBARKE
% o Moraxella M-5 RIEHEERE » BARBUTEER o ST Z KA R AR EET
B o PR TT R SRR R B S B S AR B AR A BT A o T RE RS S UKRE T E

A HERZIARABZHREEZIHBRR

(Reaction on carbohydrates and sensitivity to antibiotics)

COHEBZER

FIF Hugh and Leifson 55525 0E MBS B4 EAR B2 ERBH 2 M EEE LR Kt
HI—IEEER - HEMEEENWARE 2 FENEE » — Y BESRYIh R EENE SRR RS
v H—H B R RGO AR R RS o SRR A SRR RIASSRIRE TR
WMAEHEHO MRBHARAERFIIER » IRBFEREBCAETHRE » EERETHE -
Hugh and Leifson &EESEERAENEHEES S METRERE » (AI5EE PH ok B T B 2
) ARERE 0.3 %R » HERARKEPHE » RS E SR » 5B AIRE
Foa e B S A R — RS o TEVOEEEY: » QIS e R RN B L IR - YIEEER A TR
AR AN B B R AR B A I > BRI R B » TR EEAERERE TRt 5%
#2 pH { - AR AR EEARIEAE (BRI o ROV THETNRNHELRR T
ZEHEE BB o
TEL BRI BT » fluorescent, pseudomonads HAENEZEEFRFAIRB » LSEEHA
pseudomonads BB/ fRRTHRVEEEEE » WERSED B2 BEEAVIE H ENERRA (F6—6) o Pseud.
putrefaciens QLA BERE RS - ARNARZERFSARILEY (BHES) 27 EMEkmE: o
EREUN Moraxella $28fEHHH (HLBRERTIARA) BHAELE AT 2itE: o Corynebacterium
AR LBWERREIEA » RIS RE pH AR o fiE SRR IRBIIE 2 bk AR slE
EERRNRET AIEFE4EREENRESRATH e E W rRELARE) -

OfMERIRE

P REMEARGET » BURARFEKERRMER AT » BNRER LEMRZTER
AR o PUA KRB < SR IF B 2 - WBGIEMIfREE 2 TR » #I penicillin, ampicillin,
bacitracin J% vancomycin £ o (2)BEHIEL » #A0 polymyxin, colistin % gramicidin £ - (3)
B ribosome EAMAHESE HBEZ & » #5110 chloramphenicol, erythromycin, lincomyin, stre-
ptomycin, neomycin ¥ kanamycin £ o (4)8 RNase # &S RNA Z &5 » #l40 rifamycin
Bi rifampicin o (5) DNA Z&pt#aES » #ln nalidixic acid, mitomycin & actinomycin
D %o

AIREPIAERZRE » THEEEHEEC—RF% - BRINAEFHANEZRE » KEBEKRE
ERER » AEBHEEERLENE VB REETEE A Uﬁ%k%’ﬁﬁ%ZIﬁE"’ 67
Bzl s “+” Rk (EHEHPAETERIEN) » “—" KR ER (AIERIERPURT 38k
B) o FEIAEREE () AZETF  ORSEENAERNETERCRE » BAR vg (B4 disk
e ug ZEE) o N ampicillin FriE Bz B 10ug/disk, chlorotetracycline f £ Sug/
disk, bacitracin BJ£ 10 units/disk » EEHETE () ZEFRRISHRZ HEEE -

IFEO—THTR » BRI E b Pseudomonas $H28FEWENPIAETR (H=MTARRER
BIEREIITK » BINAER) + EFRAEEPEED » AH Pseud. fluorescens Wk Pseudomonas
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B R R MR IEHTEE ) o Preud. putrefaciens & Pseudomonas — B4 EiieE
BAERIEc—EMHE o Morazella BiEFMEE T RPIAE RS Z—BME o I8 9 BRIBEH
Morazxella 8 HT R28FEIAR AR THRE, o Flavobacterium 8 Corynebacterium
RIS LS HA R R AR A 7SR 0 1E - .
LlnA: 5fEEkER » Chlorotetracycline, mandelanime J streptomycin ERAEHZHi4HE
» SORERIE B P 2S5k L S BT B BE o erythromycin k2 » fr12%& Pseud. flourescens 4}
FERIBIRRTIE o B P. flourescens N5 Pseudomonas 5-¥5%% ampicillin %3 o H AR FIH0
tetracycline, terramycin, dihydrostreptomycin, neomycin, kanamycin 2 ELGHERH{ER o
ERAKRREITAR (3B E S RRIE » BLAE) W AKMSEEMEEEZRA -
40 2.5 LU fy penicillin (FEAFFIZS 10 LU) w$5E Moraxella » {78 SE Acinetobacters,
Rt 2.5 LU ) penicillin B IR OB BB LY Moraxellas B3, Acinetobacters FREEMIEE
» ZJ1 penicillin, vancomycin, novobiocin % madribon(# 7| A% Moraxella BRI
FERETT 0 (B Pseudomonas BIRTER » HUEFARWTT{EEEN Moraxellas ¥ Pseudomonas
WBME 2 o (Achromobacter LB HER » EREAEHLHBETRNMEER » ASETE
HLHEEHRERMERIE » ATiE Achromobacter BERMME BT » BEAH Achromobacter
BB » B4 NEE » Bt Achromobacter —BEAEIRA » ZLEKAY Achromobacter » B,
EHREEBR Moraxella B, Acinetobacter) o

%758 DNA B EAX @ & ARb
(DNA base composition)

DNA shEEfEp {3 Jrel B35k (guanine) e (cytosine) WEE (GO%) RAUBHERE
BE —KAT @HEENEARECER) - BEFL AR AR CBEERERE ZHMEE GC%
BEREEEEFITELHER o LHIRE Achromobacter BHFEM » W REEZKEME » T—MA
f#ifl Achromobacter B4 » (B 2RI K EMEFHE LML IR Achromobacter » T &
Morazella 8 Acinetobacter » Bl DNA EIERKBEXTE IIRERT o

FEOR TISE RS 50% WRIERBIN Moraxella o S - 24 A F (LA E 5
Achromobacter R > BRIFEDNA base ik » RlEPIREMZER - 38 6—8 gk Collection)
BRI Ay Morazellas » TR EERY Moraxellas $8—i ATCC (American Type Culture
EdeEbkey DNA @S G.C &8 .

HEIT » A KEY Morazella (AIEHAMISTRIVEN R TS EER) B GC SEHE4T2
%49.4% 2 » 38 ATCC Morazella ByEkE B o BRE ATCC Achromobacter iy GC 4;
BHZEARR ARk Morazella ) GC G BRRENAE B EBHKESES AN Morazella
B Achromobacter SE2ARE—JE * FEF Achromobacter BERTNE—(EB (genus) » HERBHR
FERY GC SEZRMEKR  EMRRM Achromobacter HHHMTERR—BLERZ— &
W Ry B AR E R Conynebacterium » 3 GC #ER 643 2| 68.2% » ERFHAEIEL
Corynebacterium o |

M BASKTRP B RESEARMEAER « RERBEEARSE 14x10° % 2.5x 101
2 o HPEEIMER Moraxella (32—68% ), Flavobacteria (13—59% ), fluorescent
pseudomonads (1—6%), Pseud. putrifaciens (0.5—3%), group IV Pseudomonas (<1—14.7%)
¥ group III pseudomonads (<1—27%) » MEKEWHITEE LS 0.04% 6.6% » EEMERS Coryneba-
cterium F ek pseudomonads o BREHECHEE X EAR ZEBEES » & Pseud. putrefa-
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ciens §% fluorescent pseudomonads o REIHERME 2 Mk DI WURREY < B » FEREYE
BT » B —E RS » P EARRR U BRI BT (RBATHEE
RO IR 0 RRSAEESNAETRZAE)  KNERKREFHTEMRN S8 HitHE
8% - Dlugfig 2 ad REFIEIIE

#F 6~8 Jk#E Moraxellas, Corynebacteria B
Achromobacters i) DNA BEKS 2

Mg
Culture : Source ‘ G+C%
Morazxella M-1 : Fish pen slime 48.3
Morazxella M-1 l Fish pen slime 47.7
Morazxella M-3 ! Fish pen slime ' 49.4
Moraxella M-4 ' Fish pen slime 48.6
Moraxella M-5 Fisp pen slime 474
Morazella M-6 ~ Fish pen slime 416
Morazella M-7 Fish pen slime 47.7
Morazella M-8 Fish pen slime 47.5
Morazella F-13 Haddock fillet 47.2
Morazella F-58 Haddock fillet 47.3
Marazella F-59 Haddock fillet 48.0
Morazella livoffii var Brevis 17968 ATCC 47.5
Morazella glucidolytica liquefaciens 17979 ATCC . 46.1
Achromobacter mucosus Staatliche 43.4
| gaé]:igigéogische
Achromobacter lipolyticum 11367 - ATCC '57.9
Achromobacter superficialis Bacteriology Dept., U mass 61.1
Corynebacterium C-1 ' Fish pen slime 64.3
Corynebacterium C-2 Fish pen slime 65.7
Corynebacterium C-3 Fish pen slime 65.0
Corynebacterium C-4 | Fish pen slime 64.7
Corynebacterium C-5 Fish pen slime 68.2
Corynebacterium C-6 , Fish pen slime 66.5
|




BFE AMAKE@RAZEEESZTOHEME
& & B 3L B (Bacteriophages,
bacteriocins and plasmids associated

. with fishery bacteria)

%—tp KEmEEEBH (Bacteriophage and fishery bacteria)

R R —EAEEMERE (Virus) » ERBAE/) » s8R EMEEES (140 Millipore
membrane filter) » {ZH DB FRABS T BRBIE H 2 BREMESIHEY 0 BWEHBRFE X ERAG
AR MEREE » BB BESMRRAEXE o

WETRR R R PR 8 A R R SN EES » MAFRERAFRURAEE NEREREZNFRERS
s plangEfRAYEEE (Pancreatic necrosis) BES RN BRERR » HAWFPFREXIGE 2 85
#7%7% (Reovirus) KigiRs (Adenovirus) &HEZ » HIELEABEEBERT o RYEHERF% (
Infectious hepatitis) EKEHGRN—ABREME » FREISHEEER » BWHERSERISH
SERKIR TR R B E TR » ZHERNKEERBERN R ZEE » (ERTSREKREELRE -

M A (Bivalve molluses) &KELRAREEFZE (Filter feeding) WHETH » MRERERD
f5EE (Virus) » DL Poliovirusl %1 » HE AR 3 i EREBK (Mucous suspension)j}nxm
SREEERABEZ Poliovirusk » 785° CTNRETS 7 # » HABRFBEEH60% L EHPoliovirus
» 58 2 KRFTEZ Poliovirus 602 EkE AT RIS » HABULZ BRER M AT

W
— » Temperate bacteriophage :

”ﬁ%%%ﬂiﬁ%ﬂi%iﬁﬁ@% I DNAKXREA MRS A TEARCLEE  BEEASBE
B EGHBS AR 0 FARERE » —BRATLRIE - (CBBERIREAHTEFEE (
Induce) % » (EWEERSBEHEH R BERIL ©
Z_~ Virulent bacteriophage :

AR EE AR » HRR B2 DNAYFIAZ » LB AT B 2 W B BT 5 0
B AR PR (IR PR A2 DU AL ) » e (Lysis) WA R thRaTIVE
HEHIZK » B R ARBEEERER  AREBWEKANZEHN -

KRS SR - RHSUKEMEAS RRFGEE » REEMGLL > 6 0% K Fa
Coliphage T, B » ZZEEELEKPER » RIBEHRIMDIZEER > BBLBEREELI~20%BEH
Coliphage T, » RIELELEG AR EEE B REERLSER IR -

ANESELEEARNEX BILE SN R ENBRABREESNHEEIRE (B2
RAREENL) o '

LK B R B R MR S BB AR (IR 85T » BIIRAG e Pseudomonas putrefaciens {)WEE R EBTE
2° CHERR YR » (Eefe20° C R (MERTETMMRA LT CAR) -

IE R HE R AR ~ MERIE S > DB AAERRATENAER » TREANEAEDRE > #in
B AEB AR AN SRR A 2 & R B A KSR DU B vk R Rt Y o (EHRR
EFHL R ERME (Phage resistant bacteria) M3 » BfEE A B iR EBEIFEH < HBR
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WHEG AR RGE I HEREA)
Ak (25ml) SEEWEEZER

!
{Esdwe sy (8,000rpm » 1053-88) DlbkkVKhIRA 2 EE
+0.5ml CHCl, DIZBFEFH KBS » S3d CHCl,
+ BB B A
SEEEELNE (31°C)
g (8,000rpm » 105-84)
+CHCI, (0.5ml)

DIL ¢ 102 R R0~ » 1072 5 102 » 10~4% 10

wOHE R AR R E

B4 0.lml iz 7isEE X MiE (Indicator host cell) 3% ~ 0.1mlz -
Lﬁﬁﬁ?z@ﬁﬁ%ﬂﬁm&& 2.5ml AyFEEfR Soft nutrient agar (0.75%agar)

!
BEEP f BEFRFELE

FRREIRTEIT° CRR WS » FRBUE MRS TR
PrEEEIR » HABHE A FELEWBZHEE (plaque)

WwOE OB ANt
PEP 2 EEBESEE 0 DR Goal08ATEE
A 0.2~0.5m] Nutrient broth e
HHERL0 l10-2 3 1078eeene

ity
0.1ml 375538 2 o AR
\ 0.1ml BXEEEFARRAL

LZ .Sml BifEz Soft Nutrient agar

B=7 Nutrient agar S L

DI37° CReZ—wHl e » BB LRIFLI—3K
FRBEEVRCEERSBEERE ML

%2 —f HoFMEREF Bacteriocins)

Bacteriocin BHMET O HEERN—EHEAEEPA%E (Proteinous antibiotics) » §ERFEHR
LR FAFEEE - AERERZTAB (Genus) WAEEFHRELEIER » 410 : Colicing REEY E.
Coli B2 MAERERET]

HHAE &S Bacteriocin FEAEHIM: (Resistance) » (B RIRIIEHTS G BREHATR 2B
PEESER S AR H MBS - JRENE Bacteriocin FUEIEHIMZMME » WIRBIRIIIARE 2H R—
factor FrBIEHY o

Colicin 21 E. Coli FiEARN—BEEAEEE %A Bacteriocin » S BB EL RERE
Ji - ATHEA BB NI 2 RGBT o B Bacteriocin BEAEGIE7ES W Bacteriocin £ 5 i
K ERERIERE - Eﬁﬁqiﬁ.hﬂﬁ Bacteriocin A= HIIpH > R REMEZE B EE o

Colicin HXIGH BHEFERETERIIEESFEREZ AR » 410 Colicin A ##iH DNA
B RNA Z4&5 s Colicins Ey, Eg, K 52 L ERREHG] DNA, RNA $EVE 2K ©
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#I~1 Colicins WITMEZ fEFME

Colicin » #& ¥ A E, E, E, K L
2 # DNA ¥ & B + + + + + +
#H RNA 2 & K + + — + -+ +
MHEAEZ K - -+ - + + -+

Bacteriocin BIEMBREFTREZE (Receptor) » FESZWAINEER » WARFESEZM
B RS BUREARE 0 TR 2328 - IR Colicin Y REAREEE o EH - HEESHE
Colicin » =48 s (Eg4: Colicin FiBRFERFERMIMEA (Tolerant cells) » MM AE £ BN
Az MRk (Tolerant mutant) » CHH S RKAEIR 7E S0 TE MR < RS R RT B 2 1 g
EF GRS LAY L2 HBEX

2=t #HEABREBEIINEEE (Plasmids and Episomes)

HERE—EMREUNEEENE ZZE (Genetic element) » HERYE FERRAEERN
s BB e B — B BRI MR E A S BINA B R ESREER  FAERREEE
Wi —i8 » HAEmERESE A4 ER (Conjugation) (M (transduction) » HEi—(E#E
FR{BIES| 5 —EE - MRS ERENRIENA + 148 Bacteriocin fyEiEERE o )R (Re-
sistance transfer) factor (R4 EHERRT) ROGHEREZHER o
R-factor gl F-factor » IRESEMEF—ERER » BEERIERNORERT » EBHPIER
MR ERTHEASANENS BT E—EHEEED 5 —E0E » F— RN AR
HREEHHERENTIER - B8 R-factor R ME AR (Sulforamides) s /0#5R (Tetracy-
cline) ~ §8%3% (Streptomycin) K& # 3% (Chloramphenicol) &4 FAeRMRM » MEEER
ELLEER, o Fit Staphylococcus &7 Penicillinase iz » i Penicillinase 843 Penicillin T
{# Penicillin $HEEMEIER o R-factor LHEAEEMER » ﬁ“ﬁfﬁﬁ%ﬁﬁ?ﬁﬁﬁﬂ%“’?%&ﬂ
ERFBERSL TS (UTURL ©
R-factor J&7eB 2R FmEELBRENERE > B&74 R-factor BMITHIAE RAMEZ EIE » 1
HHLFRARIAREEET) » BRHRIERKENEFER » HRERRSES R-factor i
fepEm » EREESHKPHENUABREEARMAE VENERE > NEEECEE » MIEZ
R-factor ¥ BIEFTUE IR AIRERE TRMEAS WERIE » CHEREZIA B
BREREAE » HLPARMER » LRHEEFRBEZREFEAREREESE » TABEERERE -
SHBMERBKERRE  HRAFZEATER » RENERIEE o iR A6 AikgsEn
» WETTERRFRORIE T A BET RS (LS EME RS BB i R BT » RERMIRER
BRI T ISR  HEECEE  BELTERIW -
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PAFE wMENERLRARE
(Bacterial genetics and mutations)

% —fp 4 A Z RE (Bacterial mutation)

- MIEEEZ S RE DNA FREERFTES - E% DNA GRsEARE » HEEYMNA
B> BSREERY DNA AFFRIOEE ~ RESHRFRASE - IgRRFEENAESERT
Hok5i » SERLEATRERVZE (Mutation) o ZHBEREAKBEAT SR ¢

B #%E (Spontaneous mutation) :
ENFETE B RRE NETEE A f 2R 58 » JRENESE R B » HERBSAEEHEI07.

OF e (Induced mutation) :

LRSI AR E R IR R - FIIAE ~ BARRE > o518 - 751 %EE DNA
BENGEFEN o BHARNRBCESE » EEMR-PBENRUSRCSREN M E - PR
DNAZ #es%: » 5 DNAERER RS SE LR EE - SESHE AN LEYE%E 5-bromouracil
(BU) » Ethylmethane Sulfonate (EMS) » %34 (Nitrogen mustard)fiNitrosoguanidine

(NTG) #Heh EMS % NTG sEBgHRM o lﬂzﬁﬁﬂ%ﬂﬁﬁ'\f CEF BT ERERER L - B
A2 BOEERTIEIO L b RIBRREBIC M - HRBRTRER » HREESEEERS » LE
—TEZELA o

MEEZEEROE /R « MERBERMHE b TEWEEE > hEEAMES b T EHRES
o FIINEEEEBUEYIC B | - AR eSS R B N RIB Y » TEKEREYTE » BT
F IR BB RO AR 3B  E SR O BR AR - SEMERET LR ©

B R AR EBREEER ATHFERE » RS RBR VBN - BEFEH
HyZRigif » (EERRRIEBASTEO0 2 Dl P R AR TR, o

—RIME » #EHEA DNA 23 » i ATC.- 2 85 I TR -

skpr ¢ (Delation) :

S
ATC ©AC TCA
T T T RSB FI —(AR o

ATC ACT CAT

@ (Addition) :
X
N .
ATC ©AC TCA
T T T BB TR I —E R o
ATC XCA CTC
LMOE TR reverse (RAEEL RS RFRELUFIRELER) -
Bk i8R (Delation + Addition) :
RKET —EEpHE » TSI T — @B -
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WEE—KEZEHER:
B FIHBA T — KRB B R B E (Frame shift) MAgEEEFRK o

- R

% —# DNA # % 3t (Isolation of DNA)

#ied DNA fy580a S AR 5 » FrabiiEfnsE - WEER B R RAFTRIREZ
MAEERIF o Marmur [ DNA ZERERR—RFHRA » RPBRR

COMmipEz g (Lysis) :

B ORI M R R N R EDTARW D » InABEHEHI(Deterget) Sodium dode-
cyl sulfate (SD.S) (LEFFAIFLLEREREE) » RE7E 60°C LE1058 » L H2REH
AW > RIS E T 2D - Rk DNA g9l » FREEEERBAIRE » HERE
MBI RORERR: - AI7EINA SDS 4% » MR 2B RER » IMRBERAHE - AIeEmDNA
FUSRAR KIE » R RS B TS R -

OEyE2k% (Deproteinization) :

EHHEE DNA HHEE— » S ERE > AEKREE-ENELERE » 2 DNA 5

M Z EETAF o —RRRIFHEEARMENERRERE » A —HENREF—BRRE (4: LYV

s RBERIRERREI05E 20°0) » KELLE DNA i LB » MER LBYInAERE » 8

AT R DNA {ESEgaEsE b > 5% DNA 3t » BN Saline citrate (MERE—&

) YEReh 0 IAGERRS (NaClO,) » MBS -—RREFETRERL » NE Lk SRS
W DNA o

Ekkis RNA (Removal of RNA) :

mA 50pg/ml RNase » 72 37°C {R1B1054% » AT VSRIEREAEN DNA 4Fdi RNAo
OEHEMBRE :

HEER > BAESENEY  LERTTRIE ML  BEREQEKZ DNA » BRI
WWeE » £FTE DNA R » wiRERE—EDTAS R A RRE (Isopropyl alcohol)
VBT DNA » SR B ARG » DIERITRZ » WEZ DNA DA ERERRZERRK
HENTBERIERA T REEE Bukfd) o

% =% AB&MH/E (Gene transfer)
EEPEERME - RIETIHETERETHEARRSAUMEELRS TR > MEAEME
YRALWEZT » Miesy DNA H—EHRERS @l RARNETR=E

&) Transformation :

X —#f ot 2 it DNA 8B Eem AR ERE (marker) #AB—#ifgd » fA L
DNA 1 BAH—#Em o4 (Transformation) o

Transformation NREEWMERFABPMATMARI S » SRMEE ZEET RREE - BAEHBED
ZHERR Competent cell (BBE3) » KEBERHATSEBRME (Adsorption site) » AIH A
3z DNA » [, DNA B4 - I AWE » BEEAZ DNA (Recipient DNA) #4& » Tk
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BAEB BN AR M -

HEZ  EIMRE N ke DNA HR22MRAERFEHENZBEHER Transforma-
tion » fI0A¢ Wild type (BBVERTHRIEB LIRS » DNA Fhiligh » ARSI 2 2%
R BARERRE RIS RE L » RIS ZR R RS S AN PT %08 » PLENRTREZE

E# Transformation o

) Transduction ;

H—HAEREYE » THREBERERE (Carrier) » iAWk » TTEEF
MR EESEES Transduction o

BINEARE Salmonella typhimurium Bk » HAERFEOQMT  ENTEARR » MH—EHkk
BIRER mlelp - (AR T AR » BRI EARER » FFIBEA UGS ZRiEE » thUR
PR R EEEEE (Fritted glass filter) » DIBH LSS 2555 » 158 —BRSRIE »
SIS RRT » BRARRZEHK » RARUATARB LT ARE » BB lr i s s
ERDSEIRRHEAE » EARERRIVBZEREETME CheEdD » 5 1079 MRy
T 2 B 0 WHRHEEEE b DNA ARG o S E AR EIT S E 50 DNA g
FRBETTHY » FREAME RS 5 — SR Ekk o

HEERIEIE R W B8 R —1& Defective phage o FUe i iE W REHEF I VAR R E S S —M
MBS o MR Generalized transduction phage » FREBHERFIE ARSI S —FE s Rl

fit Restricted or localized transduction phage o
& Conjugation (J3£447H)

BNEE MM RS TR 5218 » DIBE R (Bridge) » ZEREBR LR A SRR (Male) [
BEfH (Female) {32 » JRE0 F+(Donor)—F-(Receptor) » A F-facter #az:4& (Chromo-
some) F&TEE Hfr (High frequency of recombination) » {2 Hfr #ilrzE A DNA &EZ
Sl » ALl FrxF- 328 (Mating) 3 Hfr xF- 375 o

BEEEMENTERE  OEFHEREBR - @FF 2 (ASEMENESE - 28—k DNA
ABEMR A > B B A B A AR MR o

PR EA SRR RLWTIRKRIGHE » 0 EFHRZERHEIE R 2 A SoZiaiE  (Donor)
» R R 5 Bes28s (Receptor) » &7 HEF (F-factor) (Ul st 2 #EME » REWRH
FHERUENR o F* ERENE BITEECZET » ARFRERLEERT R FREAERES
Hfr {faey - AIBRRAETTE » FUERTREREE DNA Z—/INgG -

i M B B RAEREA SR  RORERME » BB RRROE F- WHEHE
EEHOES FY WEER F- BAEERENZ » 8 F-factor 72 F* fIfRdfER AT ESE » 3
AR EIFFEEE 28 KR Fr HES F- Al o

WRE Hir fWEBTEAR » BEREARE ST —# (One strain) DNA # F-factor Fi#e
oML T S AR » SR T R » F-factor EESHER » WEEiE— R AVEI ) —(R(F o
A F- EEA o EARMRAZ Hir DNA ZEEgERMEHR DNA 285454 (Recombination)
s RELTAR T MR AT R R AEE o ZRENEE MR A A IR O0EEE o Hir B2 F- RIfRSAZEELL
Pt 8 F- BEaERES - H—HH » FEHEEFART MM « BAERREFMDATIRE » At
A BRI IL » FHIEAZER BN SIS » KFFHRERRIREOR RIS o #44E0R
EERR ORI - BIBEAER (Salmonella typhosa) ~ RENIEE (Pseudomonas) JRAIEAE o

BLEAEARERCEESRZEALERIEZER » AR BAFP LK PHETERLEE
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B ) BSRAEMSEE LTRSS — o
% v DNA #7i% R (DNA hybridization)

45 (Double strain) DNA Biffeit (Helix) » fii RRMBNBIES (Base-pair) Ligg
MRS » BERE e DNA jnRds s » SIS EI s piE M (Single strain) » HERE
EMA B —E#REBHERFF) (Sequence) DNA » fF= R FHHIE (Renaturation) » RI/NEXHY
DNA R EERR M EH DNA puseg » HER"#MELIAH (Complementary) Jixfié
ERER (BB) » By DNA 73k B A ERRL LY o

BB ITERS « ZBR=[EHERAZ

O EBEE (Densify gradient method) :

EIBIRAzSE BN BURE MR e (Thymine) HOSZEHRN—HEME > (£ DNA # °N» 5
— B2 DNA & “N-DNA » B foRA DNA 45178 R bkih 5845 » —4 DNA >
BB AIARIESE (CsCD) BEEREDL TR ERRYE S o BIFEA “N-DNA EEHRMR
N iy DNA R8s BHELEITER » gO0EPE=F DNA W » TRIEKE %R “N-
DNA » EgfR “N-DNA > fiiiE R “N-DNA g “N-DNA BRFHK » BLEARITEZEZ
BEvER DNA » R FREESE A TR —F o

) DNA sz :

H SR R DNA » —RRFERS T —BREGRUNG T 0 KT8 DNA fi Dls:
(B BUREAR » TETEARBRE Z AT IMAREEZRA » AR HEA S 7B DNA B R NFR
ek FEMARE RN SRR AN B DNA JREEZEA » IR BRI IREEREL » R THHRFEL
Scintillation Counter EREBHHRE > HHSHES » IRTRBEERR » KA o

© Nitrosocellulose membrane filter

EEEREER ISR T H DNA-RNA » /M85 DNA-RNA #R5 » T DNA
RNA s /by DNA 5 RNA @it o BROEERNKE » A—EMRLRERS
» B Eh B AR BT R R AR o ’

% Adn EEEEGEE (Genetic mapping)

M BE2 AR R RRA LR « LERKRE K-12 @i EHERRE » KEHE

K-12 48 B4R B ECHTE » BB AR BRZERNA6004(E » FIF Transduction 5
Conjugation FjE R DNA EMEEZEMLE ~ 7] (Sequence) . FAF(HEE R R AU FERER H
o RANGARBZMELTRFTRR - BEEREEABMEAS BE 2 AR RIESI =
) (B R 2 HE ] » BRYBNAREF A » JIEYE A2 AR A S RRE 2 eI 54 © B
e DNA Ztg# (Transfer) —ERERY10055 6 » B8—LE E. coli K-12 Fefaflr SENFE
HEER AL E » BIAFE 9 SEERLE R s R4 KEEE T, X Colicin K SURENER » 3£ 20
5rEERy aro A FRRE 4 3-enolpyruryl shikimate-5-phosphate synthetase RyEESR » #6548
WIER tol G E4l Colicin B, SURERER » 7= 88 S aliEmmeilitd: acetylornithine
deacetylase fjELHA o
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8~1 KBHE K-12 gyEEE (Genetic map)
%< fF DNA % B &4 (DNA Recombination)

HASREBEHE RS - RIERT AR A 4y - B4 » R DNA iR & » WIORRAYH
—i4 DNA AR AR —EHEa » SE U gAEY(Chimera) » MBS R ALY #AR R
By— » AEREELRE (Plasmids) REE DNA 5T » BRRERHREA S » FREMNKERZE
Ya#y DNA JnE\#Fe aiizepdh » BT nA RS AL R BB R B IS R Ry — 804 - BERTE 2 kst
TR PR DS b > IeRReAt sk DNA R0t B 2 Bt o - (R BE AR th st BB/ sk DNA FERpT
EFZH R A TR A B A o

B DNA Stz » WA E. coli fy¥sRIH B RELKA MG » #i/M EcoR1 end-

onuclease FUBEABMIIRIERT] : GPTAAG ety DNA (1IREMED - WMERKG DNA

R AR » SARHY T DNA 209 » MBS ETTIN » MR
% DNA gjisicz DNA WHTER (7T ligase Lifeit DNA Fith:24) ket DNA
» BETLCZ MR DNA N4 A DNASER » THSULHT 2 MRS LA KIS HIEPY > 1
AR S AT Z S o '

LU LRSI fo » TS AT AT A RIFTAA O SETE » IR TR RS HAS
SR ERAE BB » LRI o tumTF P EACK B P R B B A T3 LR Y
3 » USRI IR B o L ATRUBABLE T A2 &R, » §32 » TR E A2
M RIS « (SRR E MRS IEHAISE © (USRS R BRI BIE » TR
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B AR T ARATR IR o MR ASR WY DIFI FISE peht Ay » (E7EZR SR IH] R i e SR S T T B S A cdA O
% o b BT R AR » HRRZHEBFRORARITE » FEEABWEN - HIBHARES
BHEECRBAOE » DR E AR ESTIEHE » FE—PHRNERNT B BERHREH
Eleesa (e E 05 YRR o



PLE WEGsMEARER

(Taxonomy and identification of bacteria)

B—f SR EFHREDEIRER LR

(Difficulties in classification and identification of fishery and marine bacteria)

B3 A BB A TIREVERER  ERBCHEB R R TS E s - BRI
B iy TR YRR Rl ) » BN AR R MO R N LR — o
HAK - IR » RS R AR » EMERBATRE » JURZPREZ MR RS
TERVMIB A RCHYZES, » TERIREERS Y — o TIATE R Z M A2 BRI AT Eb'll?‘/“lé-?m%{iﬁ%
MBEMRTEBA S » BEERHER BRSNS BEE R R = o SORTGET T
fEAR TR L R » LR REERZ I o

R R URRERTE - (015 B A BRI 0 R E R AT R e o

ot WAL HER
(Conventional taxonomy and identification)

—EHRBOEE S EAENTHE ¢
O aEER (Gell morphology) :

BRI Z TR » Koy » Gram Zufa s 3~ 6~ R T2 B RN M E W8S -
OFE%EFELE (Colony morphelogy) :

TR ~ KA~ EEREM (texture) &5 o
EiE L2 HE (CQultural characterization) :

MRTER R RSB 2R AR » INRAZEE - ﬁﬂﬁi%&%@&ﬁ&%%&Zﬁﬁ%
THFREEME 2B % o MEB LR

LIREFRIGTIERA

BB T AP 2 SR R BUBE R o BRI I B AV Z AR o DU BRI R Rk
£ DU M A = - 1808 (988 o i Mac Conkey #5%3ER—#% Gram (2w
RN R BN » Gram (BHEER LR BAER o

LA IR 2 AR
gtk pH ZBMURIEEE B 20T o
384X ERAH ~ RRZAIA K
SR E I LSBT ERR T T EEEE -
LAERBE
%ﬁ%ﬂ%ﬁfﬁﬁﬁﬁﬁ P REBREZERBE AL ENEENEE—  BREES AR
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BR > HHHERE  HREZERRED R RIRPIERAE
5.6.% ¢

MIEEE R SRR T AL AR R ORZAGEN > E (WETERIRERESRSE) -
6.7 AR ¢

WIS T » TR FENERE—CEANEREZRE I RAER » —REKMAR
YIEL~3% FRRTIE R Z BT o

s {24 E (Chemical charateristics)
AEEERE  REEMEZEERT - #I0:

(1) Cytochrome oxidase : BERMNE LR—E&BE2HEERE » BNEBEI%E Tetramethyl
—p—phenylene diamine ZJE#K » I EAEENE Cytochrome oxidase W o
@ Catalase : I—PHEHEZEERA3I% 2 H,O; > %ﬁﬁ%é%‘?@?ﬁ BN Catalase 5k o
8) Gelatinase : BN
(4¢) DNase % RNase : REHUZE
(3 TMA production : BERFIE
(6) Lipase : 2BFAME
(7) Nitrate reductase : B BN SHRME 2B ELD IR 24~T2 PRFZEERR » WERRS
BEMRER R ERRERAR
® Urease : A HEN RBRTBESD » IS B RRAEREL B, pH @R/
® IMVIC test : 2BHHE
) H,S production : B IHE
) Acetic acid production : ZH L=
0 HERfER (Hugh & Leifson 3%
IR A BN 2 %4 Hugh & Leifson sty st (1% 2830888 » 0.2 Peptone,
»0.03% K.HPO, 1 0.003% Bromthymol blue s 0.5% NaCl ¥ 0.3% Agar, pH 7.1) » Hrhls
UEEWESYHEE 0 5 1 LIRSS » WEEEATTRHOMETE ERERT » HRFEAE
LRREIFRENTRIEASEREENEEER - @EzM: - @HEFEEENTRER (AR HEE
BZER) -
19 BWHERZER  FEHEAXENAZEERRNEND » —BKEMEL Moraxella %
BBk » Pseudomonas 2377 BIEE o
(49 MmEE (Serology typing) ZR4E : HEME N Salmonella ~ Clostridium BB HHE »
T RRERME (Antiserum) ZREIEHIE (type) o
¥ =% 4 X 3t 3 (Identification scheme)
BESRRRS B EMEZE - A EE 2R T HRARE LR RER - BIF AR
WA 2B E IR » BEWREESANMEE « (FR—2EREE « BRESE DB E B
ORI AR H 3K BlAnZRO—2 KRR — 3t = FI A b R BT (ERL » MR S FIFT R E A B AR
KEERTEE - DIBcfs B B AR F Ber BEEE 2k (R Scheme fRBis=E#E2BF Kazanas FBEH
Scheme HFRILHEFEIEMR) ©
BEREEAE S THRME » BT ERRBLZT » B RHEIESETEAE S ZEHER » RS
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FISE RIS RN » $IIN Vibrio parahaemolyticus THE3% 2 RHBE I BIEFLER » Bl
IHEMEZRESE BTZ (RI—1D) o HBFESRNELE -

B EEE K B M » R R EEARER R SR BRNEEREE ANE
feRE STk % (Spread plate) FiEEIFEZE (pour plate) DIHBHIEREE - HVKEMES R
W o ERIN SRR EEENRETRSRILE TR EZ M » —7e 20°C 55&% » B8
AWEREN—EEEL  BHIEERE LEEMRI0EREES B E%E (B ACERER)

s FRIK DN bz fie s iigs - BB MRI—2REIIZEETAE » Bl Gram¥uta, » JHE100
PRARRES S Gram BRSNS T IO » 4% Gram BEEIHKEI 2 » Gram [BEBIKEI—3164T
FIE o

Proteose peptone beefl extract agar (PPBE) B—BERREENEERE » H—KEMNSE
HEERFZER » BARSRETARE ZBEHE - BRLERELREBRFNECHERAR SRR
» AR REEIEOIR 2 A B RN » TR

Gram BEER SN TENR » REEERZHBEYT (FEREDRZRER A RTHY
DREHEESTEZHEREERMNCEFESR) » REUHELSEILE

4E Gram BH¥:Eh Flavobacterium $& Cytophaga S5 RENEEME » MARLBEMEAE
I RRE b2 B RAEHNRE - AR AEES O » EE—RIBERBZ SRR BT
FATEREHZE o L& Gram BHHAHEEEAHET » Cytochrome oxidase Witk » WAWE (DE
FEEEZHEERE)  MEEEAEIERZE SRS -

HARIEE Flavobacterium ~ Cytophaga 7 g B4E Oxidase 4> S/ o Pseudomonas BRE
HefEPL PenicillingyOxidase FRME » BRI Shewan W5 E(D/ERR Hugh & Leifson 3z30%
LZHERE) » ¥Pseudomonas 535S 1~ 11~ I~ IV Z2J0%FE o Moraxella 88 Acinetobacterz
B PEE  $3%1% Cytochrome B4 K ¥ Penicillin (2.51U) AEERURE o Vibrio 30,129
(Pteridine) A& EHHURYE: » MESHHEASEENT - BE H.S WHIRHEXER Pseud. putre-
Jaciens Bttt Proteus (AL HW A Oxidase SEYFEE 55 P2 » Gram EEEZENAL TR
BRI—AFIRZ o

* 9~1
{ i |
. | Fish Pen
Coliforms<—— —— | — _.—Yeast and Molds
| Sampl
Total Staphylococcio——— - | ample ]-*~ﬁ —Salmonella

(Staphylococcus aureus) .~~~
e “~~—Vibrio parahaemolyticus
Enterecocci (Streptococcei),”

Common Fishery Bacteria

PPBE agar
NA
TSA

Gram stain

& : L &

Gram negative Gram positive
organisms organisms
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& 9~4 KE Gram BHFEZEIFTEHHE

- | g g | | ‘
8y g g8 afley ST 2
& < =3 | ex |30 |28 | ag | .22 = =
= o = | & |Ze |88 |98 |€8 |8 = S
2 E % PD 5% |3% 8Elz%|ES K g
o o O | < S o < | 28| g8
o] -8 ’:] GE 2 I
Acinetobacter v (ox)} — [ --(+) S - = |+ } -—(A mallcx)
Aeromonas F + + i + \% + + + R | Vv
Alcaliggnes Alk. Lo+ _ — A% - -+ R ‘ -+Peritrichous'
Chyomobacterium v + } Y [ A% [ + ?f—l‘?;ccll) |
Enterobacter F - \' \% [+ | VPcntrlchous:
Flavobacterium Ox + + - — + ¢V Vv R - i
Moraxella Ak, . + | 4+ = | vl v |~ |
Ox or . j ! _ + Polar ]
Pseudomonas None | T + |+ = | v | P+ { R [ > 1 /celL)‘
Vibrio  « F + I - ] -+ | + \ + \ + ‘ S E —]—Pcrltrlchous —
V: Variable (B&efE+ » FE—) Ox: Oxidative
F: Fermentive R: Resistant .
Alk:  Alkaline S:  Sensitive

Blank: No test
* 0/129: Dissolve 150mg of 2, 4—~diamino—=6, 7—diisopropyl pteridine (0/129) in 10ml of 1:1 industrial
alcohol—diethyl ether (1.5%)

% i DNA B %R 4% (DNA base composition)

HATE 2B (Genus) Z7RF » 3 DNA Fi&EEm s ARRNER » — i M Guanine+
Cytosine E &kt (G.C%) Fxz » ABCMEE GCYEHAETRS » R SEERLBHEZ
GC &g

KIS BEMBEZEERY

i 4 % GCy
Clostridium perfringens, C. tetani 30—32
Staphylococcus aureus 32—34
Bacillus cereus, B. anthracis, S. faecalis 34—36
Streptococcus, Lactobacillus, Proteus vulgaris 38—40
P. mirabilis, Moraxella bovis 40—42
Vibrio comma, Corynebacterium acnes ' 46—48
Neisseria gonorrhoeae 4850
Neisseria meningitidis, Escherichia coli 50—52
Enterobater aerogenes, Corynebacterium diphtheriae 52—54
Klebsiella pneumoniae ! 5456
Lactobacillus bifidis 56—58
Serratia marcescens ‘ 58—60
Pseudomonas aeruginosa, Mycobacterium tuber culosis 66—68
Micrococcus luteus 70—80
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BRREMEZVRE - A8 X CREE IR ORI - GC% ORREET ZRERT
s IR MR 0 K GC ZARAEZERE 10 Lk AL EEGEATER—B M - BX
GC% HHRRAXLBNA—BE » BRILARELMERE - C2FEREZBE - '

Rhbth BFEATORALF (Numerical taxonomy)

— R R DR R R » LR R D BOR R » MBS LA NIRERME M
Lip: (Similarity) sR5% > BIERESOREL BAVARE ~ A3 ~ (LBEN: » F—EEERESA - 7
AR BRI 5 35— AT - AR (Computer) ZEHEALDHRLLLM S - EFE
B o BT I ¢

LADRERE LR -

2. PAER AR 5, ~ SARRAVERT o

3R LR ~ B -

4. BA RSB 2 o
B L E-ABRTREEEERELR RS -

LEERENEERS - BB LT o

RN ETTHEMRAXEHE-FHMN
(Electron microscope heteroduplex technique)

MRS TEBNZ DNA » PR EBZEE RS T » 3 DNA ®E) TroBiss
BRI R SR AV E AR R » KGBEE ¢

P Hir SismaEmitdoelT F-factor) ZRHHIBRERRBIZKEEE » & F-factor S
B AEERTE—RERS Hir 8 FAE x fitEiz Hir 2 DNA 9787 > B x 5 8n2R
» MERAERAZK/) DNA » HEETTRATSERERTZ ML » AETRIER AR —FH
P13k » BT 2kE/ A DNA B2 8% » FRATRRAZ F-factor #EKIR (Renaturation)
288 fiFyy DNA gsfs (Base-pair) fydds » BISEHIMELEHR (double strain) » 78
THERES PRREHMN— » BrREMARE DNA AESERBREEEH LMY » RMPEER (
Single strain) » B HFEE TR N 2R — K » RREHRAEE RS THEERGLK
W TR AEA > HETRESEBIET A % DNA 520050 » RREZEZFENE -

PIIHRA ~ B MR SRtk » BN  BEZER  EETEERS TV EE - hE
BT ELAIZ S DA EBLNRE » BE2RBRCER > BITHRER & DNA -

i EFOoRABRREZFAEABIARE
(Bacteriocin and Bacteriophage typing)
ERHEINERREREEBEASE i (Specificity) BRMTEAME » AETRE G HEH L
FREEEHATE N — Rk RS RSN T o
COnEEig2EE (Bacteriophage typing)

ABEWBREREEMEME TS » ROBENERER T » NMESHS S Bo BN
R » Brif HEvBRE R R b RIE B - HEEES —BA A MBI » BRI BRI RS HE e

RO
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3528 Pseudomonas Z{EERBIKFEH o
WD EFTAR Pseudomonas WL : EVAFAELAERBEAE K Pseudomonas IMHREE A3
s » DAOBS AR LW » Ll (plaque) R ~ TR ~ SMBUAR T PER B RE IV EEIR
» 4 —1 Pseudomonas TIEABOERIR M@ DIfsE (lysis) oIl » A4 ImDURSE o
@& ETRAN Pseudomonas 53 BILIZ BN KBRS ER (typing) » BHESEEHMFAR Pseudo-
monas WHBRERNFE—C4 Pseudomonas Bk » TI{ER—FWTF :

K9~ T HBEHZHF

= Py
w , - A A A B B G G D E e
A o+ o+ o+ + o+ + - T d e
B } + 4+ o+ + o+ + o+ = e
C 4+ o+ - + - - 4+ - e
D + - - - + - + + — e

. | : : : : : : :
i EEALSERENERSER Pseudomonas DA HVEH » HELWEEB RERR
Pseudomonas DA BME » 3B Pseudomonas HoMEEEEE
KEHREG M Pseudomonas FHE— BN E S » HE A LUK FIERZ M igE
B WD H A EEGELEROBRR  SIAEEE A0 Ay S8 Ay BH Pseudomonas A Fi4r B
KEY - W B, 8 By 2H Pseudomonas B 5yEHAREY » FILAERR 2 MEE R EHABERR
BRER » MRABRMRI—O6ZER » ZHAWEBEY Pseudomonas ARBEER » (AEHE_EH
HECHEER » MRAF—EHMEDAIEA » KIEEH » B NRI—6ZA B RABHEHAER
[FEE#E Pseudomonas Bk ZIEFIBET] )
@RMEAGZEE « B HAFTRRSRO R ZEE » Rifst » R E—HrHEERER » Bl
FAF RIS AR - IR R RS R ZU LLBE » 5 R R 1R R A B AR (Phage
pattern) BRETEERHERAE FMSURERLE » BIBcR AR EISIREEEH R EUERL o ‘

OZEB A% 4% (Bacteriocin)

FLEEHWE  ERARTIERERMIETT S WMHRN—RE A EEIAER » ARRERSUE

PZHEAERBIER » REAEE—H » BT HZREEREC T -

FIRFEAERTAAEER DRI ERZET ) WK TRGETZ

Wz Bl (Cross streaking) @ EI7E—RRsRAE b » Bl L—RZEE » SR —(Er L% DITE
PEREREE » FEZENLERE - MREFERERRSE » BIBRIRERIE » SOREE LK
R ZEE - TR BN » RETERFEED RS LAERE  RERE  BFRE
FBER—REERAIHERBL » BRI TERROEEZ 2 F LR ES W E a6 Mg
R N SE A G EE R DB AERIEE T -

()% fE#: (double layer) : SEEAFREEEHAERRE L (FENIEMENT) ARFI—RF
BEE (Wiml) DESY  FEERRESRFEHRETE®E (Indicator strain) (107/plate) »
FEERRE LRRARERMRER (lawn) » FEBEEESE QEERAS M LEHE
BER OEELBR—ENOREE  EEHA iR (lacunae) - fREL B VIEZ HIE L
TR WE A E AR
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Sy R (VB STAE R AR - SRR R R — B (BT IR %
DU 1M NaCl #EEEOS#ES » FEBZ B A RRDAERE S (NH,), SO, Jif » RIER
M (NH,), SO, REFIEHRZEHRNARRERE  RiBEZsE (fraction) EIREH
AMARZ TS -

% A\ fp P8R 3 (Rapid identification) .
AR SRR  REEREEZEE » DBERERAES » I TEEEE R B—
R~ 8RR EMAREESRLFATHENHESR  HERBEERRAFTHER R IolEE
HR o SRR R T HEFERAFIAMEZE s BZRNEERE £ REEWE » RIEH 4R
HEABTFEREERTEECTRRAEL » BEELRKE TR R E R4 o
WRE S E I T R AR » — R BARA » R SR R RA e
BIATRER o SRR A YR BRI LSS T AR, » BRI R TG E - RBRE
MEEHRE] SITA ME] » BFAEHBURHITEE ZHE AT - ELAlH AN RS E A
HEAR T B SIR B B IT R ET 5 » (AR IR IR S R 2R 2 b RIS » RIS RME
Wi 85 » R EBEEZEME (ﬁf%ﬁ%ﬁﬂaﬁﬂ%ﬁ&%%ﬁ -~ EAARmEEYERZ D
R R T 2 E S A i e FR RN T -
1.Enterotube and Oxi-Ferm tube (W5 % ME/LBEEY) —Roche AFH RS HuE
EERAL ) BRANHTAE Gram [BEE > BANERSS Oxidase » Bif oxidase ERH:EHER
Enterotube, Oxidase BBk R Oxi-Ferm tube » 321 Enterotube E#ISRBINT :

AR B HE

e e o®e 0 We BB Be OBKE ga
DEXTROSE  LYSINE ORNITHINE H,S/INDOLE LACTOSE DULCITOL-PA UREA . CITRATE

S B

R B #% % A e
e
®e g S L 3c) {2 e e REA
DEXTROSE |_~(|N NTHNE H,8 LACTOSE PA UREA CITRATE
- S A
- I ‘ B
1 1
/ ’
o ,
GAS PRODUCTION INDOLE DULCITOL

9—1 Enterotube

I R E N MBE R — M (WE9—1) » FZ2—ERTFH » WHERRE EMA
FRE) s ERXGRNE » HERATRAZEEREEL » ANEPES RS\ ENEER Z 8
» A T e R DB o B T AT\ ERRECIEH B REENEFAGZRLITNTE

— 62 —



& 97 i:iE Enterotube 2T [E

Dulcitol/PA.

Dextrose Lysine | Ornithine] H.S/indole Lactose Urea(%
iﬁ%% (@ phenol‘ (ge&ﬁom (?;els);om éﬁ]dHlS&(a Pgenolgﬁgi‘;ﬁtglﬁ phenol Citrate
o ’ﬁﬁﬁﬂg) purple) | purpl) indole) red) deaminase) ( A

| f !
ﬁé%%)ﬂé;%é‘%é%é}ﬂéi & @ )%@ﬁé
o S \J’HES,T%@ I Hf’ 77777777777777777
PEEER | i %, indole: rDucnoI:%é ‘
IFBZ}@’ H oA R A R A LRl ¥ A & | R
ZHe | LA | |
‘ i HpE ‘ A )

BEERITHMMN & T o W& LW REEEM o smEm s s &% » B Az gt ms
B o SIS A R B OIR BB N\ BR R  RIFTE\ERREE R 2 TREE
BET  AREEMEZE HS/indole & » RIS &K » B EWIMHCET » 24 BB AT
BRRE ﬁﬁ’@&;fﬁ'iZﬁﬂlﬁ °

" Oxi-Ferm tube B Enterotube B LSS\ EPFTEREIRAIE action on an-
aerobic dextrose, arginine dihydrolase, N, gas production, H,S #& indole, OF Xylose, OF
aerobic dextrose, Urea [ Citrate o Oxi-Ferm tube 2EERNEE Pseudomonas, Moraxella,
Acinetobacter, Aeromonas, Alcalz'gens,lFlavobacterz'um, Vibrio D% Chromobacterium % o

& I~8 ?llégﬁfim%'z#%

2 ! e g é K ! 2 12 1 o8

Organisms F8E L F 2 F o f 2R

A g 73 el 'S

R Y R o L j I S B

Herellea vaginicola - “[ - - - - ‘ - + ===+
Salmonella typhimurium | + ‘ + + + + — U I N ? +
Proteus vulgaris b+ : + - - + ‘ + - |-+ ’ o
Escherichia coli \ + | + + + -+ + - {‘ — | - { _
Serratia marcescence f + + + ‘ + } — J — — } — r — } + % _

+ ¢ positive reaction; — % negative reaction; 4 : weak or negative reaction

2.R/B tube—Corning Diagnostics AFFTHFE2 R/B tube (E9—2) (REHNEEREHE
B2 AREMNE » IWRERE A > TRET  PhEDUNEEE: » HREIRE S LESEEANEH » VAR
WESEEE » T REREREE » PERFRYE » fIEAMEN R/B EHREBREMZEHHER
(OES 2 e Lysine decarboxylase » L#i7 ¥ phenylamine deaminase - lactose 743 f#:
s HoS DIN glucose 243 fRH: o (2)4/EwI#l indole ~ ornithine dccarboxyllaée B2 motility o &
TERF BB RE SRR VA » 55824/ R BN T E (M (BRI HAL )
EF o DPERMMEE) o Corning /3 F¢ H R— B TERE B0 E A AU “Uni-Yeast-Tek” o

3.Entero-set 1, Entero-set 2 % Entero-set 20—Fisher 2% H HR0A TSR MEEZERRE
BeEeiBiRieE A » Entero-set 1 & Entero-set 2 £&F10EAE A (B9—3) o Entero-set
20 fREFE Entero-set 1 $1 2 (LA A X EFRREEHAMET R ENAERAR (GREE) %
WA TR LRk - REFRBERN » TSR SBR 2 M A ZE R - F A AR b2
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BASIC r/b SYSTEM THE EXPANDERS

CIT/RHAM SORANASE ISl

s mEa
Phenylamme g |
+ i Citrate
Laclose i B
(8 NOTE: Appear- (%4
| . ance of visible LK
H S I T QIFOthh orlld the Rl ¢
{ . o X
Indole slant should be &&¥.
+ : interpreted  as
Gl,UCOSB b citrate posttive.
- - Bi{ ornithine + (1
Lysine ¥ ~ Motility Rhamnose :
9_2 R/B tube
i o Gray- Gra
REACTIONS +Blue Pink Dk.Green Yellow  Pink BB‘I‘;:’I:‘. G;gfg!;o Green‘[[?o Dk. Pink( Yellow
—Green Blue Yellow Colorless Colorless Beige YGerIei?a‘: YG‘"LO; ?:I:‘:%:’ Red

OPG iND H ' u
M Y P L R U S
O @ 4 @ O ) ® 2 WO

3 3 S

9—3 Entero set

WBREE 2 MR SANWREER - TEB/NZRFERZH o £ AREEEHERER 2ml 2
BEUK » REF R ARERT IWASEREE - BEEESHANEBEAN (Wl Sml KIRERE)
BRIMPFRETBIEER - EMRE AT » NRBUR KRR QIR 7 /DR ENREE o
CRIREY Bl SR BE, ¢

Az AEEE (Standard plate count) ZRIET/HRL~IRI AERER » RIAGEEERFEL
EREZFRRCRMARNIACEE » WELBARZSERBRES » FIIEERBRSERED - M
PILEE ~ AR EFOE A, - DIRGAMEE (membrane) 5% » HrArDUBEBEES R EEHIRA o 1k
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BERAEAR EZREYBERREL  ARESNERER L » MERBEEZ » BEE EIER
A YR B R BN BRTE 5 TSR RS TZRNR%E (micro  colony) FEREEYufs » I immersion
oil BN WK » FEHMEE P » TR EARGIHIREE o BFERHE | REBHIER
REK (1065) —»IRE—>AKIL Bum) WHEBRE (BRERMKHERT) ~ER— DR EIL (045
am) SEEECRIEER R R LR AR B R(105°C » 5458) % (Janus
green)—[E7E—> piimmersion oil HEJEERGE VI ~BESBEREBE » kg RR4~6/
REEN TSR B o
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ek —: AR AT RS

No. 1. Lauryl sulfate tryptose (LST) broth

Tryptose or trypticase (pancreatic digest of casein)
Lactose

Dipotassium phosphate (K,HPO,)

Monopotassium phosphate (KH,PO,)

Sodium chloride

Sodium lauryl sulfate

distilled water

R EFIARS - 74 10ml J 20 x 150mm A& EIE 10x 75mm BEEE 2R » DIBREETE

121°C 15748 » 545 pH £ 6.8402

No. 2. Brilliant green lactose bile broth, 29
Peptone
Lactose
Ozxgall (or Bile salt)

Brilliant green
Distilled water

20g
58
2.75g
2.75g
5g
0.1g
14

10g
10g
20g

0.0133g

14

%R peptone F1 lactose A%y 50ml Z78827K » in 20g 248K oxgall iy 200ml ZREKLE
B2 o R pH 18 7.0~7.5 2R » B ERTEARINKED 750ml s 388 pH E74 (
HHEY pH BRT2) o fn 13.3ml Z 0.1% brilliant green ¥EyERZREIK, » 58 EE G HE
BAZ  EIKEL  SEABREMHEE LAY » BERRESEEENEEYE » REELSE121°C
1554 o )

No. 3. EC broth

Trypticase or peptone (pancreatic digest of casein) 20g
Bacto bile salt No. 3 (or bile salt mixture) 1.5g
Lactose 5g
Dipotassium phosphate (K,HPO,) 4g
Monopotassium phosphate (KH,PO,) L5g
Sodium chloride 5.0g
Distilled water . 14

IRAERS » B 15ml 28R 16x150mm N&EE 10x75mm S RETF » RIKEE
B » NEEED 121°C @158 - K&tk pH R 6.9+£01 0
No. 4. Eosin-Methylene Blue agar (Levine) (EMB agar)

Peptone 10g
Lactose 10g
Dipotassium phosphate (K,PO,) 2g
Agar (Bacto) L5g
Eosin Y 0.4g



Methylene blue 0.065g

distilled water 14

"Bt peptone » phosphate F1 agar J& 14 /K » BHVEIRE » W HIKZ FAEERE o 7855, 100ml
B 200ml #E 121°C DUREE CRubh@ 121°C) 15558 &g pH & 7.1+£0.2 » REARIR
100ml A (a) Sml #ERY 20% Lactose Y838 (b) 2.0ml Z 29 eosin Y ¥ » (¢) 4.3ml 0.15%
Methylene blue & o

HHE AT ARG » AEHREERSR 14 Kbk 100ml 5 200ml » jRgEE2s
LL121°C g5y 8ns pH & 7.1+£010 ’

No. 5. Standard Method Agar (plate count agar)

Tryptone 5g
Yeast extract 2.5g
Glucose lg
Agar 15g
Distilled water 14

HPEMARS » FERAES S AREREEL 121°C BE55 8 » B4 pH B7.0+01.
No. 6. Tryptone broth (Trypticase Soy-Tryptose Broth)

Trypticase Soy Broth (Commercial Dehydrated) : 15g
Tryptose Broth (Commercial Dehydrated) ’ 13.5g
Yeast extract _ 3.0g
Distilled water 1000m1
Formula for Trypticase Soy Broth

Trypticase peptone 17.0g
Phytone peptone 3.0g
Sodium chloride 5.0g
Dipotassium hydrogen phosphate (K;HPO,) 2.5g
Dextrose 2.5g
Distilled water 1000m]
Formula for Tryptose Broth

Bacto-tryptose 20.0g
Sodium chloride 5.0g
Bacto-dextrose 1.0g
Distilled water 1000ml

B 15ml SBH4EK trypticase soy broth 13.5g ~ BlgtHdK tryptose broth } 3g yeast
extract BEVER 14 HUZRE5KT » HEFERLIR X INBYERE - 58 Sml B 16mm B R ERN »
EBREZFD 121°C » 155&E#E o B pH 8 7.2+020

No. 7. MR-VP medium (Glucose broth)—Buffered

Proteose peptone g
Glucose ‘ 5g
Dipotassium phosphate (K;HPO,) 5g

— 67 —



distilled water 14
LI3r ik ¥sf# peptone, glucose J potassium phosphate 4 800ml ZKkeh ; ByE#4=E 20°C 3
BfEZE 1000ml » 48 10ml REEGDL 121°C BEl2~155488 o H4% pH B 6.9+0.2 0

No. 8. Koser’s citrate broth

Sodium ammonium hydrogen phosphate (NaNH,HPO, » 4H,0) 1.5g
Dipotassium hydrogen phosphate (K,HPO,) g
Magnesium Sulfate (MgSO, ~ TH,O) ) ) 0.2g
Sodium citrate (Na,CsH;0; » 2H;0) 3g
Distilled water 14

g - 8 10ml REVE 0 D 121°C BE§15558 » 54 pH B 671020
No. 9. Lactose broth

Beef extract 3g
Peptone 58
Lactose 5g
Distilled water 14

LA65°Cyifisz » 5y s A B BRI S BORRAE » D21 CRUB 155061 » St pHIER6.9+0.2
No. 10. Selenite cystine broth

Tryptone or polypeptone 5g
Lactose ) 4g
Sodium selenite (NaHSeO;) 4g
Disodium hydrogen phosphate (Na,HPO,) 10g
Cystine 0.01g
Distilled water 14

ImEIREEM L o 74 10m] BERY 16 15mm BE > REEEZ A 10458 » REELE
BRERE > wk pH B 10401 o ARZRERABEFREITE RE o

No. 11. Brilliant green tetrathionate broth

Polypeptone 5g
Bile salts 1g
Calcium carbonate (CaCO;) 10g
Sodium thiosulfate (Na,S,04~ 5H,0) 30g
Distilled water 14

HERE » SBInEEYES » = 45°C By I 5~8°C o B 0.1g brilliant green JREXEE
2IREKT s HEE 100ml s REEEFR M 20ml I-KI %R 10ml brilliant green solution
ErgEyE 1000ml b 4085 10ml B 20x 150mm EESEERE o BF : ZEMA LK fgsphik
HAEAHE IEl o SR ngeRi R LRI 23 > s eaik 10ml RERAE 121°C DI 1556 o

I-KI 84« %8 5g KI 1 Sml 246@0Kd » i 6g L, it e » DUREKFRFRZ 20ml > £5)] «
No. 12. .

# No. L @ (B30 I-KI % Brilliant green
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No. 13. Brilliant green agar

Proteose peptone No. 3 or polypeptone 10g
Yeast extract ’ 3g
Sodium chloride 5g
Lactose 10g
Sucrose 10g
Phenol' red _, 0.08¢
Brilliant green (5ml of 0.25% Solution) 0.0125g
Agar 20g

B 16 k£ MERAFRIRE A » Plg 1 S8 - M 21°C BE125058 > w45~
50°C %% 20ml RTEM > WEEFBHBAEHTER 2 /R o &k pH 694020

No. 14. Bismuth Sulfite agar (Wilson and Blair) (B.G agar)

Polypeptone (or peptone) 10g
Beef extract \ 5g
Glucose (dextrose) 5g
Disodium phc;sphate (Anhydrous) 4g
Ferrous sulfate (Anhydrous) 0.3g
Bismuth suffite, Biz(SO;); (indicator) 8g
Brilliant green 0.025g
Agar 20g
Distilled water 14

FRA ) RN - UhE 1 B RIRem (TSR ERm)  BEE 45~50°CH 5
20ml AT » FEEMR BRI 2 D EEE BB 0 Rtk pH R 76202 REELBEERH -

No. 15. Salmonella-Shigella agar (8.8 agar)

Beef extract . 5g
Polypeptone or proteose peptone 5g
Lactose 10g
Bile salts mixture 8.5g
Sodium citrate ) 8.5g
Sodium thiosulfate (Na,S;04) ) 8.5¢
Ferric citrate lg
Agar * 13.5g
Brilliant green (0.33ml of 0.19; Solution) 0.33mg
Neutral red (2.5ml of 1% Solution) 25mg
Distilled water 14
FBEEZRHEMN » RB MBI~ 8 0 BERSEM « FEHZE 45~50°C » {5 20ml
RETELA » BT EALER LDREES & pH R7.0+£0.2 » RegPIREERH -

No. 16. Triple sugar iron agar (TSI agar) (Difco)
Beef extract 3g
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Yeast extract 3g

Peptone 15g
Proteose peptone 5g
Lactose 10g
Sucrose 10g
Dextrose 1g
Ferrous sulfate (FeSO,) 0.2g
Sodium thiosulfate (Na,S,0;) 0.3g
Sodium chloride 5g
Agar . 12g
Phenol red 0.024g

BT 14 K s BAETRIEINSGE » BEEREM (B0 1 58 » IR 16x150mm
BEYME 5 DL 121°C ZEE155 o FRERTEBGERAR GHHES 4~5 cm) > SERML-3A
G St pH 8734020

No. 17. Lysine Iron agar (Edwards #n Fife)

Gelysate or peptone 5g
Yeast extract 3g
Glucose 1g
L-lysine 10g
Ferric ammonium citrate 0.5g
Sodium thiosulfate anhydrous (Na,S,0;) 0.04¢g
Bromcresol purple 0.02g
Agar I5g
Distilled water 14

IRGEVER » 285 4ml R 12 100mm ZEVE - B 121°C e 12 i+ SRR A R
LR 5 TETRRS L 1fo » 8 pH 8 6740.0 0

No. 18. Dulcitol broth (Phenol Red Garbohydrate Both)

Trypticase or pepteose peptone No. 3 i0g
Sodium chloride 5g
Beef extract (Optional) lg
Phenol red (or 7.2ml of 0.25% solution of phenol red) 0.018g
Distilled water 14

¥f# S5g ducitol ~» 10g Lactose 3 10g sucrose JA Ly » 588 2.5ml % 13x100mm &
6%50mm BlEZBEEHRE » Ll 118°C & 10 min s 4% pH /5 7.3+£0.2.

No. 19. Lysine decarboxylase broth (Falkow)

Gelysate or peptone Sg
Yeast extract 3g
Glucose g
L-lysine 5g

N —



Bromocresol purple
Distilled water

0.02g
14

B > 54 Sml R 16x 125mm RE 0 R 121°C REI5S54 - B pH 6.5~6.8 0

No. 20. Arginine dihydrolase broth

Peptone

Yeast extract

NaCl

Glucose

Bromecresol purple (1.6% Solution)
Distilled water

s pH % 6.7~6.8 1 0.5% L-arginine 457 13x100mm 4% » 7 121°C BE1045 o

No. 21.

Sodium chloride (NaCl)
Distilled water

Bl 121°C 88515508 » 524 pH /5 7.0«

Sodiam chloride dilution water (3%)

No. 22. Glucose salt teepol broth (GSTB)

Beef extract
Peptone

NaCl

Glucose
Methyl Violet
Teepol
Distilled water

single stength
3g
10g
30g
58
0.002g
4ml
14

785 10ml Rt » B 121°C 1558 » B pH B4 o
No. 23. Thiosulfate-citrate-bile salt-sucrose agar (TCBS)

Yast extract

Peptone

Sucrose

Sodium thiosulfate (Na,S;0; ~» 5H,0)
Sodium citrate (Na,C;H;0, - 2H,0)
Sodium cholate

Oxgall (or Bile salts)

Sodium chloride

Ferric citrate

Bromthymol blue

Thymol blue

Agar

5g
38
30g
30g
1ml

16

30g
1000 ml

double strength

6g

20g

60g

10g

0.004g

8ml

14

58
10g
20g
10g
10g

3g

10g
lg
0.04g
0.04g
15g



Distilled water 14
EIRLENE L ~17 8 » Btk pH [R8.6 » U -
No. 24. Trypticase Soy Broth (TSB) (39 NaCl)

Trypticase peptone 17g
Phytone peptone . 3g
NaCl 30g
Dipotassium phosphate (K,HPO,) 2.5¢
Dextrose 2.5g
Distilled water 14

RIS ~2 g » DL 121°C BEISH 6 » gk pH 8 73402
No. 25. Trypticase soy agar (TSA- 3% NaGl)

Trypticase peptone 15g
Phytone peptone 5g
NacCl 30g
Agar 15g
Distilled water i

VSIRACHONE 1 47 0 L 121°C Bp615% » B4% pH /5 7.310.2

No. 26. Motility test medium (Semisolid medium)

Beef extract , 3g
Peptone or gelysate . iOg
NaCl 5g
Agar 1z
Distilled water 14

FERCK IESEYRHE Z AR ~2 0 BEE YRR » 788 Sml WEE 5 Ll 121°C BEIS58 + B
%5 pH 740

No. 27. Hugh-Liefson glucose broth (HLGB)

Peptone g
Yeast extract 0.5g
Sodium chloride ) 30g
Glucose 10g
Bromocresol purple 0.015g
Agar ‘ 3g
Distilled water 14

W pH 274 5 Ll 121°C BB 1558 » Bk Glucose z4t » A4 hn 10ml 107 #EEE
&y sucrose ~ cellobiose » mannitol ~ maltose B trehalose 4 _E¥& DRI GBS 4 B R REBES
H o

No. 28. o-Naphthol Sol:
R—IEEEE
—_ 72—



No. 29. Cytochrome oxidase test reagent

N,N,N’,N’-Tetramethyl-p-phenylenediamine 2HCI 1g
Distilled water 100ml
RERFRFEE (BESEH&ERIMER) » Oxidase test PR E o

AWE BB ORI KR » 48 T RAPIHERAZ -

No. 30. Nutrient Gelatin

Beef extract 3g
Peptone ’ ‘ 58
Gelatin 120g
Distilled water 14

RS > BL121°C B 12708 » Stk pH R6.8+0.2 0
No. 31. Salt trypticase broth (STB)

Trypticase 10g
Yeast extract 3g
Distilled water 14

&1 0, 60, 80, 100g NaCl # 14 Jeb » 15 0,68, B 109 NaCl trypticase broth f:fiee
Rl s Bl 121°C BE 155 &EEs pH & 7.5

No. 32. Baird-Parker medium

Tryptone 10g
Beef extract 5g
Yeast extract 1g
Sodium pyruvate 10g
Glycine 12¢g
Lithium chloride (LiCl . 6H;O) 5g
Agar 20g

DR 950ml 7K » InEHIEETEREM 0 588 9Sml RSl 121°C 1554 » R pH B
7.04+0.2(25°C) » 78 44:1°C Bk REEE LEA

No. 33. Brain heart infusion broth (BHI)

Calf brain infusion 200g
Beef heart infusion 250g
Proteose peptone or gelysate 10g
NaCl ) 5g
Disodium phosphate (anhydrous) 2.5g
Dextrose lg

BRRSTR 16 Kb » EADELISC KOS » Ll 121°C HE155 - Kk pH B 7.4+0.1
No. 34. KF Streptococcal broth
Polypeptone (Peptone) ' : 10g
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Yeast extract 10g

Sodium glycerophosphate . 10g
Na(l 5g
Sodium carbonate 0.636g
Maltose 20g
Lactose 1g
Sodium azide 0.4g
Phenol red 0.018¢g
Distilled water 14

=% pH & 7.240.2 5 478 10m] RE » DL 121°C FEE1055% -
No. 35. Azide dextrose broth

Polypeptone (Peptone) 15g
Beef extract 4.5g
Dextrose 7.5g
NaCl 1.5g
Sodium azide 0.2g
Distilled water 14

RS EE 10ml REAEHEL 118°C RISy aERis e pH & 724020
No. 36. KF Streptococcal Agar

Polypeptone (Peptone) 10g
Yeast extract 10g
Sodium chloride 5g
Sodium glycerophosphate . 10g.
Maltose 20g
Lactose g
Sodium azide 0.4g
agar 20g
Distilled water h 14

VIR AP 5 088 » 5% 50~60°C fr 1ml 1% TTC Solution (2,3,5—triphenyl
tetrazolium chloride) fA4g 100ml & » [ 121°C B l053485

No. 37. Gooked meat medium

Beef heart 454g
Dextrose peptone . 20g
Dextrose 2g
NaCl 5g

¥t 12.5g 4E7k Cooked meat medium B2 100ml B7EEIKFTE DR EZ » WEBLIS - EEHE
KT EREE 1.25g RV E In 10m] y7&gakFeiEa » D 121°C W55 88 » &tk pH B7.2 0

‘No. 38. Potato dextrose agar (PD)
Potato infusion 200g
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Dextrose 20g
Agar 15g
Distilled water 14

BL121°C B 1558 » Btk pH 5 5.6+0.3 GEIMEEMTE pH B2 BRI TR A
A e
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[ ABCD SORKAMIBRAES AN B SRl R RIS T e n0ns - MTspy i
MR A B CE » 2UE MR DR TR acln Ny - MBS IEMRERA B « FILaEsH
(EHE) BeAER R R WEREYE LHhmE -

BIERTIRST > IRAVE(L B REREE MBI R A - (B3 WS F AR » BT
RESAMEM » FUEERHEET » RREEYERRER - SR ASREL - Mgz am
SRS B L AL R AR A o ORI RyJH0 FE SO0 FAPTAA (L] » B m IR AL o

3.0 EMmEEE

3.1 5L bR fEER—RERE

(i Acsmes MILVEE A2

Y A BRI » A B MRS » R R AR L B+ RENEE LIRS o DUl
BB (R e s TR e o B KEAEA 5 CLU IR 5 KB —K » 764.5~10°C
/b 3 RIEREE— 1 76 15°C B LR 1 KERfH—K o

HIIEZE » B » BN NRELE o (BEHMERRDIE » L% R NEE BiE > Sk
RUSRIE AW  IERFEAO R BEEEETERE « SURIIURE - (LR 2ME » BIHAOR
KPR L ZETHERE#E o At ) MREZEELNGE » MVEEEHRE » AER LR LM
G R R 0 ORGSR RIS T ~ 1) o

@)% & MR

BIC B FEBERY » FESF I R BT » AN, » BB RATE B SRR FU RS S BT & - TN
R A R R S LR TE LT e — BE A EST ZIRNL » BB AARIR S » RELREAER L -
S RITFE

(8)38 3 L% 3k,

BTYARERAEYBIFTHEY » 156 ~ FEH ~ 2EBRETASH » L R RE—El » &
LS 100 ppm ARCEROYK (NG A KB HTUE R T > DA BnR A R - KESTTE
15~20 psi) Wy o

(4) foe - B 3L ) ik

B E) R — B AR RS I > EM AR (R AR L) > RS RS A7 SR
O BRSBTS > RS R - BTG 100 ppm BRI TS o

(5)i8 %3015 B0

R M SR ORCE RS - IR SR T oS s RERBZE R
BABIRE » SR TLEEASBADLAT » BREHK o

(6)iBE %, A 0%

F S+ R SE VD » R DT s MR B BRI » 75 BURE R BT - e H KA o
RIS R 171 B REESRE (R » TR D CSRA B o

(MEFRAFRBNR G EARTA ‘

KA B RUERS  IBHERMS 100 ppm AR A BERY o WA ES A
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» WEFAJERL R ek ke - T 100 ppm HEBCR GBS KT » S 200 RERRERRD LRI
o i RERATHESF R A LARAR - BT  IRPEFEEE -

@EFE ARG FE

SRS RAER IR R » RRME B RIS & RAREAE » FILE AL AR
% 100 ppm HEEHK 200 B RINATR » P LIERK o REER SR B SR E
it HRATEAAER AR » B SRV o

32 ZEfE ERORE MRS

FRREIK PR ROBE R R K WY SRR B D e - 7EB A I T RBSREE TR E 0° = 4°C BUEMIE
SEMUBREESR ~ SULROIER 5 FIRE » VKERLAR PTSRERBUBRIOANES » MUWRBORTE o HARRERREK 5 R B
B IPLRIK SR AR ~ SR - MR AN o (UL AT — 15°C fyRm I
BUSTAR » (P REHETE R T SRR ¢

(DRSRIKH A RIEAES -

@Y ESEAKEE o

O FERHEHR S vk R » DUsnBRe

WEREABEARA R > EREHEAT B HERK o

(5) % OV A HETE A RATES BBk o

O)F IR AKEIK » VKR E A o

33 7 bebAE R

OURERTHEIER » A& AR R TR IR o Brithz 4t - BERERE L fE AR Z KT
o B > BT ABHRER BB R o

BRI A ST TR « BICEM RN RS BRI b » F S B BB I TE 2 Rk o
BB ERREN X/ BT R R » JIREE ~ BRAB ~ TR~ R SR % -

MRIREY AT B LSBT AT 0 HATBE B R N Ry 0.6 A% » BRI IELE R AR LB
BACR —18°C REESRILBRHTRE » ARG E TIERMUEK GKERAENL—3%) »
KRR IABTEALA] (i BHLAL) » BIBH - R BIREIL o

34 ATBREEREE

FUTTIEAT R BB FIIEBH » Lo E LSRN L » SRS KRBT o
WY » S PR T SO ok » Y PR AT B2 SR TE RS R R R » IR AN o
BT » AR5 REAT IS AR BOL o
35 KESMT MRS &L

(1) Bk &t e 52

AR EEFORHE T BB AR B T — M IHEVK BRI b o B7E— iR IR - REERRTS » FESR ~ AL
TP HERHAL o A ABERE » BRBEFFAR 10°C BRI LIRSULIEERLE N2 (%
» TSGR INL0F o RELRMAEE LINHT 5 RAY R RS » FORHERPUETR » JRRIL
PG > WERERF O TR A > R AR R H I S AR o
@EFFLE ~ WH ~ B F ek
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(a) IRFHIAEH
REHNENRES > ZREE > KEAHHREMRLEAREmS - K8 - “EESRERS - D
AR Tego—51 By o BLAFAIMBBEBRNE TR ¢
T— REBH - RABFRHE Tego-51 FEFL2 RN
0.032; (W/V) Bs#t E. coli, A. hydrophila
B Sta. aureus BYBREHFE

B B 23]

" OB H ® g pH e S R
‘l E. coli A hydrophilai Sta. aureus
NaOCl 100 ppm* | 86 | + + | +
Tego-51 1/200 | 7.6 + | - ' -
!
Antiseptol 1/200 | 7.6 - ! - -
* 1 BRERE

AR 100 ppmfyk RERSHTAR & A 100.03% R E R EIE5e 2k = A N BEBUR » Tego-
SU Wik » (T ERYAHRRRERL00f5% - BEBORERIT

BERANE » BT BB~ EEERFE RGBS » MAREEERSHEMERIF - HEMRELEK
FHELER, (acidified chloramine) ¥ KE(LF » BEREREAERIFREFE ; FHEARER
SHAIZRER » B ABCBRER » SkEE4E 1000 ppm FIKERER R ERENENERSES 25 ppm
(545 » RS » EREICEEE o B pH b e M EREEE » —BIE pH ARSI
B (nER) -

20,000
—42.8
= i
F B
7 —94.3 /E
7z 1,000 o
gk =+
100 99.4

BB (9
EA - "1t pPH ke HBFBEFHER



B TROAAREL  RIFERRRE  HEBBRE -

(b) WERE

E— B EfEED » SERRRSIERENT » B ~ RSN » GINEUH R SR » Bk
B SRR RS » ERENRMEGEARTRENTIF » 0068 AR EEH K RIE A K SRE Al
HARTE > B BB  BECTE RS o WG » BRI 2 UL SR St IR = Tk
HARBR CREFRAT) wadriie » A% FAWE SR 200 SR LINETER 5 s &0 1 » Bk
FBHE 10 ppm FEEMKIER o 76— HIEETEEE » REHY » EETRIFETE RS
B o E O REEEK ~ KRB SR TR RS » ARRE—R > BHAEHRIERRETE B
TR o F 08 FIVETEFISEAERAR BT FRAK R o WEURERIT AR ~ MBT  BILFEMEREA
R R RAESERT T LI K BB K ER o

@) gy H R

ERERAHRAERRME - BR—EWERE » HEEWE—ENhERERH » Az (
37°C) FERR R HBEIRELE » 7855 » 607065°C HRPIARFRIER 17.59 » 2.91 R 0.66 474 o Fitk
» BIINEREER B DN R A7 ZRIVATAE REE » PR R BIRR T IV BB JCBY KA) » fE7E 35 =
155 BRRERNERRT R DR ERER 18°C BRKE -

(4) B K RE SRR K

AR ERIRAERY » BRARE PR EEA ABOEERE » R 0.6 A4 E ; BRI R EEREHE
RERHFDEESE —18°C BIF » T H 28 B E AP ED o

(B) i R T IR H Th 7%

Bt —18°C LUTHYERBNT » BEMRTEZERE » (BRESERZ &R BIEIIE R ERE
T FILIRE RR o (RRBLKERIMYE ~ UM ASKETRET » hdrh SoRIH 5 sk » 3
BRI ERBRLR o AIKBETTBH I —LbGURAVRES » (R INE REAEE S T 0B 15 e RSB IR s Rt
B (REEZRSIER) - FEFERREEEER  AIEERER © 14 » E2fl W—EARE
ERMSTR IR EATHRIEROTIE o PRI B RIS ETE » ZELERIER TN EiaEE (

MZHRTAD - B—BESR (W L/DRD) RTEMHIRER o AR RRELEESET » REN LB
izt BRI RS
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ek =2 = fREWIRKTHE

ek R Foe
SRS PN & X X 8

AKrp Rt %% (microbial flora) SRR LEBERYATIKNTE » FEEAEY IR H
SRUET K IERTR ~ BK ~ YRR » RETIK P EERENEBRIIERES - HBGHEEREIX
BT AR - A BREREERZ AR E B E SRR - WIR NSRRI
IRERTIACEA KA IL ™ 5 R - FEE AN - UK AR B R RERIE
B o EFKEH LR EMREMREITIIRE - TEMLIvEESBR T » AEE I WRERE » REKRE
T a AR A

LRGSR EWER

L BT 5K RARRRENRESBYE - RETTKEERENERE » BAKREYEE » Ml
WEEENEE » fEH kil TEAKE-NMANE-NALEFRNENEREREEAPEZE
EER—TANE BB AR » RO ERKE » 0 Pseudomonas fluorescens, Ps. aeruginosa,
Proteus vulgaris, Bacillus subtilis, B. cereus, Aerobacter cloacae, Zoogloea ramigera’s o M4t
ARG REARAWEMEEAERE » RS o EE ~ B - B ~ IRREIEHERN Y - 12
iRAIE (coliform bacteria) [IHLGIEES » RAKEZEEYETHTRN—EEERE » kiel THH
AKep s KIGIEE (Escherichia coli) HWEBENNEEFBEZE BB » Aerobacter acrogenes i
Escherichia #81L\FBH Enterobacteriaceae 8 » {8 Streptococcus faecalis —jRBTEH, » Str-
eptococcus faecalis Wi NEMGEF T EMREY » BEE » HRFREERRIIEREE -

EEBERENT KA » Chlamydobacteria FHEEE » RERRHHERBE IHARESH] &
Sphaerotilus natans » CRIETHTTH R ALY » FETBR AR RIESEHE S 1E BB YR WER »
VR o MBS R RY BORR Y B 2 - REWERERIOKT o WER TNEMER J(mycelial drifting

s INRRRNEERIE BRI » Sphaerotilus natans AL RIAFRIET K B4 R T B4
MR M TENTRSD  DHEAAEFKEL » KRY 10°C K » Sphaerotilus natans FE3 EEVGYLHITEAK
PEBRBYSIHRE  ERESRENRERELR (B 1) - BESRE KRR MATSSE AR
RS » EHRSRA R EHRARNAR » BHETRRB KRG IREREY Sphaerotilus
%> BSEEBENE% » Sphaerotilus WK RATETLREER HeS SEY) o WKRRE
SRS ENRETAE (desulfurizing) —HEEEE Desulphovibrio desulphuricans = 5
T HES B o R R EEESR R E AT IE R LT » 52 E KNS BRALAE » &
W& Thiobacillus, Thiothrix, Beggiatoa 58 » 8 H,S JERF » T DITGEHETE » BRE S
» {1 Thiobacillus denitrificans, Micrococcus denitrificans F it “knallgas™ bacteria,
ARSI Leptothrix ochracea & Thiobacillus ferrooxydans 5 KEFACE FEFH L
TGRS o TEFMBHTH A » BT MBREIAYNMEERE » BEIER Peudomonas ¥
Nocardia BHIHIE o

TERHTT A » PRTHIBEA ME RV Y G o Tl BT AR 8 & SR R B BRI R o i
kiel ﬁiﬂ’gfﬁj{dﬂ-ﬁ:ﬁ‘%ﬁ#iﬁﬂiﬁ@%{& 4,000 = 200,000 Zf » —¥TEE Saccharomyces, Candida,
Cryptococcus, Rhodoterula 1 HE R /DB ARIYE o JEitf L EEER TR MT KRR BB
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Dry weight (mg)

~
v

0

B 1. Sphaerotilus natans By 5 518 B phBR{R

BEFEHKP R EEREN RERTHERER o BRHORBK BE B Leptomitus lacteus T
Fusarium aquaeductuum » "7 SIIEBREMNH LIS R B850 — 8 Sphaerotilus natans F
——YEFH AR EMEE o ERERRE A4 RINVE M TS Pe B BRER B Ve 75 ey K gt
CHEENARYRBIILEY » E— T W ERRESEI P AE 35~35g « BUBK LA YT ESH
i HBREAERE  AANERKREBETEERAMERENE - BENHKEE4ELE pH 3~
pHO s '8 Sphaerotilus natans AR » W) SAEHT BRI A IR o K B BEHE o

2.HRMEBI R

TR A TS R T B 2 MR > FITA RGE T KT BUR Y PTREYE: 5 IRDRERTE K R TTRE S
AL BENFEEE  BEEFEE AR » 2258+ 5 BRI » RERBEZRKEEH KW
FYMA B NSRRI » IS ~ BUEBSE ~ JER ~ T4 ~ BALSBURHE « BURE HFEESLE
BURIRIE » FTLUKE R DB RREEA LRERR  BRERE » — AR EEz e
W RSB E A Y RS -

(WEEFRZEERED

OKIBEEE : 7ENE R B EE R B R B AV TR RIS — BRI o EEME AT AR
BB R M TR - NEARTIEE - ) 35°C 40 RRSsUEEmEEA BERE -
Dl Escherichia coli 5r{#imc o Enterobacter (Aerobacter) aerogenes Rz o PEESHEEE
Y SRR EA TIEE  #H— » BRI RETEERER AR IR ANBES » T
— @ A—REEHBE R KIBE c TUXBEREKPRERSRZHREENE ~EER - F- X
IBE R ARV TERE (BCHAGER) A ARTTHERISFEHNEY - 5= » KIBERESN
SEHIZKE 0 AEEREAETRE » NRMBBROREE R ERRE c BEE—REKEZTHEY
FAIBAYER R AT R4/ SR B AR A M ARYYRE -

QFMIEERBAY + T RBEE » ZEKMRFEFR ABEEY 3 48 1 M 3 82— - fecal
streptococci » B3 S. faecalis o — v Clostridium » %38 CI. perfringens o« = ~ Bifidobacterium
bifidus o BEABFHMEERE BIEKF + RYPSELRERRSBHE FIRRSENEEES)

) BB BERE o LHR R ZHRH MR KE S FEEG LIRS o
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@F RIERHEMR KGR RE

AR AR A R TR R (181 2) RAREERY o Bl fecal streptococci RBAHAKH4%
ERTEABTTAA 0 LN B. bilidus wARERTE » REREIIBTE o TUFG KPEFARENE EHK
ENEE » AIRTREOE RN RE T » KEEZT Y o RIBEEE Streptococei % » REETH
Yo BRI R AR IR BER B AN - B R BRI T RAC B A  CL perfringens RAAT
TR - BERARIRAR B CL perfringens BT A B NGER A Y IR BT YorE
MR R B2 Rl o LAY AT R ERE - AR EMEEFER LB BB -
NEHEE b > TIERRKARRA -

&4
Relative
Numbers
(logs) 5N
A - Closridium (spores)
N N
\
4 \
\
\\ Coiiforms
3 \
\
\
\
PRI \
% _ lactobacilli \
Y\
4 \
.
! 3 \\
% \,
s. N
T3 4§ & 7 6 % To 1 T2 15 14 15 16 17 18 19 @ 21 2

Survival time (weeks)

B2 BEEMAFERERZEMHABRBEFHRIR

KT H A EH

NFE A IR B A o B R R EER e R TS KA KIS AP o BN IR IR R K R A R TR AR S
AP ETER » BEFKNEER—BIVRI » BERFEEE FE—BR o eI REERN
HeJT » BRI 2 5K LR0WITa o )RS T RE R SR VAR 2RIR o e AR IR E BRI
TR IR YT » 10 Salmenella typhi K0 S. paratyphi 7 DB 2Ws (enteric fever) o
R » Salmonella BHIFARARZHEEFHE KSR » RATKGERKIEF ISR H M B35 d
BRI » B BB Shigellae (FRENRIEE) o TERMNER BRI Vibrio com-
ma WATHRIEEA BIRHERR ARG LM ESE o JwIEM: Clostridia » BHZEBRILIE (gas gangrene
) iy CL perfringens, ClL. novyi $& CL septicum ZEpy¥T » AIEHRHKIEHEEHE » SLtimFw
BT S RS R AR » HE R DIRE S o

R FEEE A » PR Candida albicans FHBAGTESR) DIZEE K R EEEL o BIRATR
AR B 5 R YR » BmERE R dermatophytes WRIKEHBEHR, o P1I0 Trichophyton &
A RUSENY £ o

BT REEMES » KEFHG KR EESSHNEREERTE o OSEBEE T BRI
D o BERETT YK BL A ES MR poliomyelitis viruses Z {EYetk o FEBTHE KR » BT4EE
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BEZRFA 2B polio viruses o SRARTH RN AR E FREMRIGEE AR ISERLR » AREE
BRGNS - ERBERERNBRERBITRIFAIKIb A o B RYIR Bl IR R R E Y H K &
75588y Corsackie 3 Echo Viruses 5[i2 o JLbfF L IR IR LW KiER - ERRFHIER
FRBTE 4K IR IBR (molluscus) FHETTEHAE o

RS 7R I A B T A KSR T B ) e Y TRIE Re P EL AR K iy % IREK RIEIBTEATEE
non-marine bacteria) FyRBERH o SEHFEVTRY P THRRERIL B KRR - RIER » R ITR
b BT TG R R IR PR K SR P OV o BRIBEFEIRIA i 32 RSN B VE B EE A AR IR T 7K X 1 OB
3T o ART » A REEEN/ D RABTRRH AR EREE R AIRTIE R E ROVEEEE > RRRIE
HAEEEE A E TR 7 K OB A » R W 0 o

BT ABURE B Y » WA S EEIEYIRRIR A o BER R AN E T EBOK A BIER
s W AT B R EIET A BB o TSR Pl R R B R UK MR BB K R | o BV K
THCREEEN - MR EBRMEIRK

LA RGO BERYT A EGAE

RERTTHOFIT > IR IELE YR » SRS ERN B 32 2B S5 K TS 3 » RIEKEY AR
BHEERRIFHERL  ERUBBRTEHHKFHERIB R BEEHKEDE N IBARW
W VFREREF R E VB o hB R AL EE R ESERM A LHBEEEZENAG ) BREENA
COEB N YRR - 2 EYBRILEEE » L5 » R TERMEY - THIROTH R HBR S
LR IES XA R MRE » RENCRABMBENHA « 8% » BRERTHREIYE B —HR
TREY o BEEEYNEEERL  BHEAE RSN MR XIF LAY B DEERE
FBORL » JRTE PR S €AY F AT SRR BN - o MRS RE T DU MR E R BRI A LA 0 ERA
ERBTS T » A HRYrEraE S MR BB AR EE AR AR T2 RN E
B YAEFEIR(L (remineralization) o BHE ~ MEFEREHH 5 F DT « PRy - B - i
REARERARE S » HRFO B ORTES o FEE BEHERET » BRI HENILANRBEE »
TRMESR 7 R Y LL I AR 18 T o

AR » BB BE R EEFH IR R R BN BRI Z ) B s R B 1R R © B
CEERAEIRIT » A KRB RSB E LIRS R ENE HRS - AEERZ ST
3 WMITRAFETEEWER - ARWARIBRE - BBE2MRNEL - W ICRE S M HRE
BRIRER » E5 S LEMEE » MR EESRT AR SEYNIET » SFEHEYIR » EBRD
BREROMEYRERR BT ARSI BENRS 28 o FULEIE » TR AR fa“sapropel”
» MBOKRERRAEZARNIER - MRERENE - $ASUERE KPR A LS T K HRERAR
EFAEEE - BEBRERETIA > TEBERBENKERT » ARBRRRERKEXREHENLE
1 o

EESIAGEVELETERFER » EEAFTYE T ER BT KRB FEYEA AR »
HHERYEGEBERICERPREYNIER - E€B ~ SR ERERRINESBEERRN
o

5.2 BTEELAAANBEBRIMESOH

WP TYINEIE - B~ B~ B RIBFVNES SR » AAREVREEE o S
BB RTEERNEESA 0 » EEERRSBEDERNENEN o RE Ve E0 i E ST Y
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T o B v K R TR K TG 4y » OH BE a3 T 9T )1 ] | 242k RBRIs o

HEYRELRSIR AN EERBENHEFR LEAAHRNEZE » TTH USRS ESSET
% EEN A BEENEERE o WARBEMANBMEEREG R VREYEZRB(L » S XEE
WRHBRETT YR R AR LR GARENT

BEREER—ILLNEZRAE-LEHEFET A - FEEHESEEMRAMBENE N E CRA-&
#) DIBAT > AL R A RSN Z LJFHE o ZoBell’s Marine Broth 2216 (Difco) $:Z&2 R
FARAR < FERERE » S RVRBETE o RS EREA K EEREE (APHA) 7 A ESEE
TE o BERIE R IEEIELL yeast peptone glucose medium Fl7E K 45 #E o

TEE RN R ZEE K RITEA R AR BRI R i 2 16 BB R R R BB RES A 2
FZEHRE » HRS REBWE 2T o 1K RUERY B SLEEEE R 10~10°/ml J 10°~10%/g »
MEREAREAEEER 10~104/ml K 10~10%/g o H—i FHUR-PFERE 11 #9 50 #k M B8 4k R
Simidu F0 Aiso AT 2 /3 FREIEST — M0 R BB et e A » EHEW
FERS IR 2 o BN IS A58 Staphylococcus, Micrococcus, Leuconostoc, Arthrobacter
¥ Dactobacillus, TBINEHEEEMME A Pseud omonas, Aeromonas, Vibrio, Flavobacteria,
Acinetobacter J. Cytophaga ° /K5 R i RSB AR 10~103/ml & 102~10¢/g o
12HBE R BB R B 22 B A Saccharomyces, Rhodotorula, Schizosuccharomyces, Candida,
Kloeckera % Crytococcus o Hoy BB IE LIREBIRA Aspergillus, Penicillium. Mucor, Rhi-
zopus, Labyrinthula F Lageidium B o

EKRERHR A AR AR AHBEYZ R s EEATRBEANTHE » KBEEEE - 7AW
SR8 (median MPN) ZRE&EHET0 » T7EREE B rRREA10% DL BiiE230 o FHlE N B EER
WHERWEE » RABREREEET00 » MIERURE B R R5H102% 0L 1258 2,300 o i BRRIER
EFRANGEREEE Y » BAEHISIEEREERMANEZHE » EFENREBERESR
MMENRNER » REACMTRERERZHETEH
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Mék =2 = ECOLOGICAL STUDIES OF
CLOSTRIDIUM BOTULINUM IN SOILS OF TAIWAN

Che-Chung TSAI* and Sheue-Ching TING*

Soil samples from cultivated fields were examined for
toxigenic Clostridium botulinum. Ten culture attempts were
made on each soil sample. Detection was based on identi=
fication of botulinum toxins in enrichment cultures. The
number of cultures containing toxins were variable in
positive soil samples, ranging from 1 to 9 per ten tests. One
hundred and five (78%) of 134 soil samples were positive for
toxigenic C. botulinum. Seventy percent of positive samples
had maultiple types of toxins, Types A and B were found
predominantly followed by type E, types C and F were
found least frequently. The existence of toxigenic C.
botulinum in inland soils of Taiwan indicates the potential
risk of botulism,

Key words: C. botulinum in soils, botulinum toxins.

The public health importance of Clostridium botulinum is well-known because of its
spectacular nature and high case-fatality rate. C. botulinum has been isolated from many
countries in the world. Spores of C. botulinum are widely distributed in the surface

layers of virgin and cultivated soils, and in mud or sediment of aqueous environments.

The absence of reports of human and animal botulism from the literature in Taiwan
is probably due to neglect of differential diagnoses in patients and lack of laboratory
findings of the causative organism and/or its toxin. The distribution of spores of C.
botulinum in Taiwan has not been investigated. The principal habitat of C. botulinum
is the soil, particularly in agricultural areas. The main agricultural soils of Taiwan are
latosols and alluvial soils. The reddish brown latosols of the tablelands are suitable for
the growth of tea, banana, citrus fruits, pineapple, citronella, etc. The alluvial soils of
the plains are the most important soils for agriculture; there are planted rice, sugar cane,
sweet potato, soybean, peanut, corn, green vegetables, and fiber crops. What is the dis-
tribution of C. botulinum in the agricultural soils of Taiwan? Because of the spectacular
nature of C. botulinum, its spores may be present in almost any food that is exposed to
soil, dust, mud, sediment, etc. Inadequate preparation and preservation of vegetables,
fruits, and animal foods create the potential risk of botulinum food poisoning (botulism).
Therefore, this investigation was undertaken to detect the prevalence of C. botulinum in
the main agricultural soils of Taiwan. The results of ecological studies of C. botulinum

* Institute of Public Health, College of Medicine, National Taiwan University, Taipei, Republic of China.
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are described. The potential health problem of botulism is also evaluated for precaution

and prevention.
MATERIALS AND METHODS

Seil samples

During the periods of June 1975 and July 1976, one hundred and thirty-four soil
samples were obtained from various agricultural areas. The source, pH and other
characteristics of the soil samples were recorded. They were obtained by removing the
top 10 to 15 cm and sampling the soil to about 20 to 30 cm, and were transported in

double layers of polyethylene bags to the laboratory.

Culture media

For primary growth and toxin production of C. botulinum, the cooked meat medium
(CM) with modification was used for enrichment cultures. The modified CM medium
consisted of ground beef heart, 454 g; trypticase (BBL), 15 g; proteose peptone (Difco),
10g; yeast extract, 4 g; soluble starch, 3 g: glucose, 2.5 g; sodium chloride, 5 g; potassium
phosphate, 5 g; and sodium thiglycollate, 1 g. Meat particles were obtained from ground
beef heart which had been boiled and cooled in order to remove fat and to separate
meat broth by filtration. The other components were dissolved in 1 liter of original
meat broth, with distilled water added, and the pH was adjusted to 7.3 to 7.4. Eight
ml of broth were dispensed into pyrex screwed-capped tubes (16x125 mm) containing
meat particles (1 part meat particles to 8 parts fluid). Other media used for subculture,
isolation, and biochemical tests were prepared according to the method of Holdeman and

Moore'D,

Culture procedures

For demonstration of the presence of C. bofulinum in soil specimens, ten l-gram
samples of each soil specimen were inoculated into a series of tubes of the modified CM
media which had been heated in boiling water and cooled immediately in ice water be-
fore inoculation. After inoculation, the ninth and tenth tubes were again heated in 75°C
water bath for 30 min, and cooled. The inoculated cultures were then incubated
anaerobically at 25°C to 28°C for 5 to 7 days. Unless otherwise stated, cultural procedures
were performed under anaerobic gassing with 9095 CO,-10% N,; and anaerobic incuba-
tion was carried out in the same atmosphere in anaerobic jar (BBL) or anaerobic in-

cubator (National Appliance Co., Portland, Cregon).

Toxins

Type A crystalline toxin was provided by the courtesy of Dr.E.J. Schantz, Food
Research Institute, University of Wisconsin, Madison, Wisconsin. The cultural fluids
used as the crude toxins were obtained from the organisms of types A, B, C, D, E, and F
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which were kindly supplied by Dr. Louis DS Smith, VPI Anaerobe Laboratory, Virginia
Polytechnic Institute and State University, Blacksburg, Virginia. These organisms were
grown in the modifitd CM medium for 5 to 7 days at 25 to 28°C. The crude toxins

obtained from the reference strains were used for positive control purposes.

Detection of botulinum toxin

After incubation, the culture fluids obtained from the modified CM medium were
transferred to centrifuge tubes and kept frozen overnight or longer in order to reduce
nonbotulinic deaths'?:®. The contents were then thawed and centrifuged. The supernatant
fluids were used for detecting the presence of botulinum toxins by mouse toxicity
(lethality); the toxin type was determined by neutralization test with known antitoxic
sera. The double gel immunodiffusion test was also used for detecting type specific toxins
from those reference strains®). Mouse toxicity and neutralization tests were performed
as below. Two Swiss-Webster mice weighing 19 to 22 g were injected intraperitoneally
with 0.5 ml of the supernatant fluid from each cultured tube and held for 3 to 4 days
for observation. If the mice died, the mouse test was repeated using the same supernatant
fluid which had been neutralized with type specific antitoxin, types A or B. If the toxic
material could not be neutralized by type A and B antitoxins, further neutralizations
with other antitoxins of C. perfringens, C. tetani, and C. botulinum types E, F, C, and D
etc were tested. Trypsinization of supernatant fluid was used on samples to strengthen
the weak toxins when two or, more toxic types were presented in single culture. The
trypsinized toxic materials were subjected to repetition of the mouse lethality and

neutralization tests for identification of toxin.

Isolation and identification of C. botulinum

Toxic soil enrichment cultures were used for the isolation, purification, and identifica-
tion of C. botulinum. The enrichment cultures were also heated at 75°C for 15 minutes.
Small samples (a loopful) of the unheated and heated specimens were plated in egg yolk
agar or trypticase-soy blood agar with sheep red cells, respectively. The lipase positive
colonies which were considered morphologically typical were picked and transferred to
the modified CM medium. The purified bacteria were subjected to a series of bioche-
mical tests, mouse toxicity, and neutralization tests. The final identification of C.

botulinum is based on specific neutralization (toxi-antitoxin) tests on mice.

RESULTS

Prevalence studies of toxigenic C. botulinum in soil samples are shown in Fig. 1 and
Table 1. C. botulinum was found all over the island of Taiwan. One hundred and five
(78%) of 124 soil samples were positive for the existence of toxigenic C. botulinum. The
percentage of soil samples positive for toxigenic C. botulinum ranged from 50 to 89,
depending upon geographical differences. More positive soil samples were detected
north of Tropic of Cancer than in the southern areas.
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Fig. 1. Prevalence of toxigenic C. botulinum in soil samples in Taiwan. *No. pos./no. tested (percent)

Table 1.

Ecological Conditions of Soil Samples

Areas
i
)

I-lan County
Hwalien County
Taitung County
Kaohsiung
County
Chia-i County
Nantou County
Taichung

County
Taipei

Sources

Vegetable & fruit gardens; grassland &
bamboo soils.

Vegetable & fruit gardens; tea field, rice
field.

Vegetable & fruit gardens; asparagus &
corn fields.

Sugar cane field.
Vegetable & fruit gardens; corn & asparagus
fields.

Vegetable & fruit gardens; potato, corn, &
bamboo fields.

Vegetable gardens.

Vegetable & fruit gardens; potato & corn
fields.

T
' Organic
| matter (%)

NDg
1.02-3.52+
(1.40)

0.96-3.70%
(1.38)

0.98-1.32
(1.15)

0.76-4.62*
(1.58)

0.86-4.71*
(1.85)

ND

ND

+Range (average)

# ND, not done,

* Ten samples in each area were selected randomly for determination.
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The frequency distribution of types of toxigenic C. botulinum cultured from soil sam-

ples is shown in Table 2. A total of 352 positive cultures for types of C. botulinum

were obtained from 105 out of 134 soil samples.

(37%) followed by type E (20%), whereas type F (5% 5) and type C (4%) were found
less frequently. No types D and G were detected. Types A, B. and E were widely dis-

Type B was found most frequently

tributed in the soil environments of both the west and east coast of Taiwan.

Table 2. Frequency Distribution of Types of Toxigenic C. botulinum

Cultured from Soil Samples

q

Soil samples

No. pos. cultures for toxin types*

|
Areas i ! | } {
" No. No. i |
Cwml p | A B E { F A Total
I-lan County n| s 13 6 1 ; 71 1 28
Hwalien County 10 ‘ 7 5 5 0 | 3 0 13
Taitung County 15 ‘ 9 11 ; 0 | 4 3 27
Kaohsiung County 2 1 0 0 1 2 ; 0 2
Chia-i County 19 12 9 2 s 0w
Nantou County 48 43 56 63 10 ‘ 21 9 | 159
Taichung County 6 5 5 3 0 f 10 1 19
i . :
Taipei County I 23 J\ 20 24 31 2019 i 4 80
105+ 120 128 / 15 71 18 ! 352%
Total PHL o] oo | od I @ | ao ‘ & | d
* Ten culture attempts were made on each soil sample. Positive cultures (352) of types of C.

botulinum were those in which single or multiple toxins were detected.

+ Number (percent).

The percentages of types of C. botulinum in 105 positive soil samples are given in

Table 3. Thirty-one samples (29.5%) had a single type and 74 samples (70.5%) had
multiple types. Among samples that had a single type, soils with type A or type B were

found predominately. Among samples with multiple types of C. botulinum, soils with

Table 3. Percentages of Types of Toxigenic C. botulinum
in 105 Positive Soil Samples

A 12 11.4 AB 23 22.0 ABE 15
B 14 13.3 AE 10 9.5 ABF 2
E 4 3.8 AF 3 2.8 ACE 2
F 1 0.9 BC 2 1.9 BCE 3
BE 6 5.7 BEF 1

BF 3 2.8 ABCE 1

EF 1 0.9 ABCF 1

ABEF 1

percent
14.3
19
1.9
2.8
0.9
0.9
0.9
0.9

Grand total: 105 soil samples (100 percent)

* Soil samples were determined to have single or multiple types of botulinum toxins.



mixed type AB (22%) were most frequent, followed by those with mixed type ABE
(14%), type AE (9.5%), and type BE (5.7%), whereas the remaining positive soils with
either single or multiple types were least frequent.

As shown in Table 4, the number of cultures containing botulinum toxins were
variable in positive soil samples, ranging from 1 to 9. Among 105 positive soil samples,
40 (38%) had 4 or more cultures of toxigenic C. botulinum, and consisted of a total of
a total of 228 (65%) positive culture. The remaining soil samples were as follows: 25
(24%) had 1, 21 (20%) had 2, and 19 (18%) had 3 cultures containing botulinum toxins.
These results indicate that 59 (56%) had at least 3 or 80 (76%) had at least 2 toxigenic
cultures per 10 tests.

Table 4. Frequency of Cultures of Toxigenic
C. botulinum in Soil Samples

No. pos. ’ No. pos. No. pos.
per 10 testst | soil samples cultures™
1 ‘ 25(24)* 25( )

2 200 2 1y

3 | 19(18) 57 (16)

|

4.9 ‘ 40(38) 228(65)
Total o 105(100) 352(100)

+ Refer to Materials and Methods in the text. Ten 1-g specimen
cultures were tested for each soil sample.
* Number (percent)
Soil samples containing toxigenic C. botulinum tested by heated and unheated specimen
cultures are analyzed in Table 5. Ten 1-g specimen cultures consisting of 2 with and 8
without heat treatment, were tested for each soil sample. One hundred of 134 unheated

samples revealed toxigenic C. botulinum whereas 42 heated soil samples were positive.

Table 5. Soil Samples Containing Toxigenic C. botulinum
Tested by Heated and Unheated Specimen Cultures*

Unheated specimen cultures

Soil samples ! No. pos. ’ No. neg. ’ Total

{

Heated specimen cultures i
No. pos. 37| 5 424
No. neg. e ‘ 29 92
Total Lo | o D 1

! j
+ Refer to Materials and Methods in the test. Ten 1l-g specimen
cultures consisting of 2 with and 8 without heat treatment. were

tested for each soil sample.
* X2 test: P:<<0.05.
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Five soil somples were positive only by 2-heated specimen cultures. There were signi-
ficant differences in detection of toxigenic C. botulinum in soil samples tested by heated
and unheated specimen cultures (p<(0.05). Spores of toxigenic C. borulinum in soil
samples tested by heated specimen cultures, were predominantly of types A and B, but a
few of type F.

DISCUSSION

Because of different treatment of samples, different methods of cultivation, and dif-
ferent sample sizes and sources, the results of soil samples containing C. botulinum are
variable. A high prevalence of toxigenic C. botulinum was demonstrated in soil samples
in this investigation. Such a high prevalence may be attributed to the following reasons:
(i) the use of enrichment culture medium containing trypticase and yeast extract plain-
ly yielded better toxin production of the reference strains of types A, B, C, D, E, and F
than those with the cooked meat medium under the same incubation conditions. This
enrichment culture medium may eliminate inhibition of toxin production of toxin
production by the toxignic C. botulinum in soil samples®®; (ii) the use of ten 1-g specimen
cultures for each soil sample decreases the chances of missing organisms because of un-
even distribution of the spores in soils, and (iii) the use of heated and unheated specimen
cultures increases the total positive numbers of toxigenic C. botulinum in soils.

Toxigenic C. botulinum was found to be widespread in the soils of Taiwan. Types
B and A were predominant, followed by type E, whereas types C and F were less
frequent. All soils of type E were obtained from inland areas. It is obviously expected
to have high prevalence of type E in waters and marine animals in Taiwan. The reasons
for high incidence of multiple types (A, B and E) of toxigenic C. botulinum in soils of
Taiwan (Table 3) may be explained as follows: (i) geographic characteristics together
with subtropical climate may be favourable to the existence of spores of types A, B, and
E; (ii) violent summer thunderstorms bring intense rainfall to all parts of the island,
occasionally resulting in floods which spread out C. botulinum types in the cultivated
land; (iii) man-made contamination of C. botulinum types in the cultivated land is due
to fertilizing with sewage, and manure (especially kitchen garbages and animal wastes)
which originated from foods and/or feeds by island-wide transportation; and (iv) higher
invertebrate debris, especially insect carrion in the soil may provide a better natural
niche for certain C, botulinum types®.

Among 105 positive soil samples, 40 (38%) revealed 4 to 9 cultures of toxigenic C.
botulinum, and 80 (76%) had at least 2 toxigenic cultures per 10 tests. For detection of
at least 1 toxigenic culture in soil samples, 5 culture attempts consisting of 2-with and
3-without heat treatment may be used for each soil sample. Heat treatment of samples
is necessary to eliminate nonspore forming aerobes and undesirable anaerobes, and to
obtain heat resistant spores of types A, B, and F. Unheated specimen cultures favour
the heat sensitive spores of types C, D, and E.
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The general consensus is that spores of C. botulinum may be distributed less com--
monly in soils containing animal manure, and that extensive cultivation of soils may
suppress types A and B®, Though the soils of Taiwan are fertilized sometimes with
sewage, manure and animal feces, content of organic matter is low, possibly due to being
washed away by rain, water, and irrigation. Most soil samples obtained from cultivated
fields were weakly acid to alkaline in reaction (overall average pH 6.43), and low in
organic matter (average 1.47%). Organic matter content of soils might also influence
its pH value. Most types A, B, and E were detected in soil samples which were weakly
acid to neutral in pH and had a low content of organic matter. These findings show

that the ecological conditions are an important factor in the existence of C. botulinum .

During this investigation, a proven outbreak of botulism occurred in Taipei.
Diagnoses of 5 patients were based on the clinical manifestations and isolation of C.
botulinum type A from feces. However, the incriminated food was unknown. The clinical
diagnosis of botulism is somewhat difficult but the risk of botulism exists in Taiwan and
through the world. Epidemiological information of botulism is often caused by home-
processed foods, especially home bottling and home canning. Our survey indicates that
C. botulinum, especially types A and B, is indeed prevalent in many areas of Taiwan.
This prevalence makes it imperative that the public be aware of proper preventive

measures and that physicians be aware of the diagnosis.
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