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Sardine, Serdinops melanosticta, has been caught more than fifty thousand metric tons every year
in adjacent sea of Korea, but most of them used for uneatable fish meal because of their rapid spoil-
age. Usually it is known that the main reason of putrefaction of foods is caused by the micro-
organisms included in them. Therefore, this experiment was carried out to identify the micro-
organisms isolated from the intestine of fresh sardine and characterize their proteolytic enzymes
produced from them, .

Aerobic cell count ranged from 1.7X10* to 3,6X10%/g, while anaerobic cell count, from 2,9X%
104 to 5.5X105/g. Most of the isolated strains were psychrotrophic mesophiles. Among the two
hundred and eighty strains isolated from the fresh samples, fifty-six strains (20.0%) were pro-~
teolytics, one hundred and seventy-five strains (62.5%) were lipolytics and tenty-nine strains (10.5
9% had the ability to produce hydrogn sulfide, The most predominantly isolated microbial groups
from the fresh sardine were Moraxella (31.42%) and Pseudomonas spp.(28.6%). Flavobacterium-
Cytophaga, Vibrio, Acinetobacter, Micrococcus spp. and Enterobacteriaceae appeared from 7.9% to 5%
out of total tested strains.

The average bacterial count in the spoiled samples (stored at about 18°C for 48 hours) was
increased to the level of 2.9X108/g for aerobes, 1.5X10%/g for anaercbes, then one hundred and
ten strains, corresponding to 52%, out of two hundred and thirteen strains submitted to the test
were proteolytics.

The strongest proteolytic bacterium among the two hundred and eighty strains was identified as
Psexdomonas 101 which grew best at 25°C. The optimum condition for the activity of the proteo-
lytic enzyme produced by Psewdomonas 101 appeared 35°C and pH 9.0, but the activity was rela-
tively unchanged between 5.0 and 11.0 of pH and between 30°C and 50°C of temperature.
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E RBRE, o1rtv], 4FFFolnt. zHd REHE
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%79 microflora o] fHe] =24 BEE WwErh
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w3 Bk oY MEwBs FEMES 8 FR
o] gzto g Hole] WK Stz Sl HWEE
SERENL R BHESHEERE £Ede B

I EAlsle] MBS H ¥ BARE TRER
o HRERS @Ests vl

kR e

L& ®

gribol]l Rtd A ojw], Sardinops melanosticta =
198313 6%, 4 o] AH A 1129 FEAN A &

2 AE vz BE BB RS WREE E®
Agom, BELY KB L 0470 235
G BES =], pHS& Table 13} 2uk.

Table 1. Condition of sémple examined

Samples Average
Size {cm) 21
Weight of

total () 76

intestine  (g) 9.6
pH of

muscle 5.98

intestine 6.54

Average data of four times experiments

2. HHEB Wz

Holel WS MEWOE 30g Meld WE &
HABK 270m & fuste] 90 I HEALT AL
BEREREo 23 5°C, 15°C, 25°C © 35°C ]
REE £HEEE Mesldor, HAK BHe I
gL 25°C2 =2As anaerobic incubator(Forma
Scientific Inc., No.3159)e] 4] #9estq o},

3. HkkY S8 Y FAr

Corlett et al. (1965)0) HRN: Lee o} Pfeifer
(1975)%0] =.u}gt replica plating method & =8
staich. HBE#HS TPY agar (peptone 0.5%,
tryptone 0.5%, yeast extract 0.25%, glucose
0.1%, NaClo0.5%, agar 1.5%) plates] conradi
Boz Bksld 25°C10.5°Col4] 397 sfest
S, BE FHARA AN FERE 50~100 FY Bz
colony & &8s FRE #slod, TPY agar mas-
ter plate o] #}d= F3+ replicator 2 ©]z] FA)g
A Ao WHT ol ¥ANE st 3t master plate
o] 30 colony 4 &=t} master plate & colony 7}
Aolx 2mm =) 32 Aol 74R] 24~T2 BT
BEL e A% HE 2 SEEH
2 A HEasige.

@ TPY agar-----@v| A3 P4 2 cytochr-

ome oxidase A AL-8

® TPY agar---- Ultraviolet fluorescence @ 3

2+ gag

® Hugh-Leifson glucose medium ----.. Glucose

Atslgs] Axg
@ Hugh-Leifson glucose medium----- - @ 55283}

replicator
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¢ glucose WEFs AAHE
(® Peptone iron agar.-----H,S 44 AL
® Penicillin agar(3.0 .U of penicillin G in
TPY agar)--«- Pseudomonas,
Moraxella B Acinetobacter -3-)

A&
@ Staphylococcus 110------NaCl (7.5%) WiE#R
B

EMB agar-----BMER o] 78S
@ Potato dextrose agar(10% lactic acid 2 pH
3.58 ZA ) iR 2es
® TPY agar-.-- - BHERER #AK 3 BNARET
o] ute] motility, indole, methyl red, gelatin ¥
{kuk-S-, citrate o] 2-38%, starch \} casein JmAk%
1 4%, catalase JAH5E 2Adda, SEME
8 HEFEEL +2 Bergey’s manual of Determi-
native Bacteriology 8th ed. (1974)3} Gibbs 8}
Skinner(1966) 9 E#)i] BiR(1975)8 FEFES
2Esigot. BaE Sl WY FkkE Lee(19%
6)7} %3 standard method with caseinate agar
T Agstd BEslgm. IR M-S Harrigans)
McCance(1976) 8] Fiko 2 @zl .

4. BEERY EHE W

BHE oEtke] B BRI Bl MEd e
o BY BEERE ¥ pHE ##Eslz, ®& TPY
brothe] #Misiel, 100rpm o2 2% shaking
incubator (Lab—Liﬁe Instruments Inc. Model 359
5ol sgspdA HRel w8 B 8RS B
By EHS Hestd] BRAE REREMNE A4 #
#sh ot
BEE omEREY B2 Rinderknect et al. (1968)
o] BFsla, Canhos(1981)7F modify & FEbE
9] hide powder azure (HPA, Calbiochem. U.S.
ADE FIASHE: dye release methodof #&sl4r}.
B#S TPY brotho] EEfEsted optimum condition

ol A 30 HERY sk &, HEKE 10,000rpm, 4°C
o 4] 15 R B4 HE 5, 0.45 ¢ millipore filter
paper 2 B3 MWHES HEREHoR 4. B
EIEES B 0.05M Tris-HCl buffer solu-
tion (pH 7.2 at 25°C) 9mle] HPA 30mg & 93

30 7/l preheating 3+ %%, HEEE®E 1m & msld

25°C, 100rpm © 2 %= shaking incubator ¢ 4
60 3 HF-8-A15l =S, HEREK No.5C =2 st
o BEEY ¢S AxAIANEF, spectrophotometer
(ANA-75, Tokyo photoelectronic Co.)=2 595nm
o} 4] absorbance & H|w3}% ).

L &R¥

T Aelel o Pl g MEH £HEK W
§ER % Table 29} 7t}

5°Col 4] 14817 whokgh A3k 1,3X104~1,4X10°
/g AR Ry 7.5X104/g o3 15°C o4 964]
7 gk FE 1.9X104~5.3X108/g A= g Wi
2.4X105/g 0.2 5°Col 4} B} 23 B BB/ &
WA 25°Col A 7247 H#g f#FEe 15°C
w9} w5t BRA

Okuzumi ¢} Horie(1969)% yellow tail, macke~
rel, horse mackerel &} BiPIARe] o) ste] 20°C ol
A EEHRE HET FE,6.0X104~4.3X107/g o2
HgEstgd o, HEAAE Aoded A vxstgle
H, 4 BEHE FBERE BETHER AL dR
Eol vk W& vk AR Wil R4 A
glol A 15°C 9} 25°Cel A #Ed #R7 5°Cv
35°Col A 2} B EEst iz, AL BR
MEes #Hesglsh. 25°ColA H#E% HBAKH
B 2.9X104~5.5X10°5/g =2 Fiy 1.9X105/g 2.2
FREEES v xdld Holw) ERe & EEE v
ARz 47} 35°Col A HBHF R 5°C
Aok vl xstgivh AolEE Wige] A ATy o

. Table 2. Viable cell count/g of the intestine of fresh sardine cultured at various temperature

Temp. (°C) Incubation time 1 2 3 4 Average
5 14 days 1,3X10¢ 1.4X105 1.1 X105 3.5X10¢ 7.5X10*
15 96 hours 1.9X10* 5.3X108 2.8X10° 1.2X108 2.4X10%
25 72 hours 1.7X10* 3.6X10° 2.1X10% 6.0X10* 1.6X108
35 48 hours 1,.1X104 2.2X108 1.1 X108 2.4X10* 9.1X10*
25% 72 hours 5,5X10° 6.9X10* 1.2X10° 2.9X104¢ 1.9X10°

* Anaerobes
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Table 3. Viable cell count/g of the intestine of spoiled sardine cultured at various

temperature
Temp. (°Cj Incubation time 1 2 3 4 Average
5 14 days 2.0X10¢ 3.3X1¢7 6.3X108 1.2X108 2.0%108
15 96 hours 1.5X107 3.2X108 6.2X108 2.2X108 2,9X108
25 72 hours 1.3X107 3.5X108 5.5X108 2.5X108 2.9X108
35 48 hours 1.4X107 3.9X108 5.2X108 1.8X108 2.8X108
25% 72 hours 3.8X107 3.3X108 1.5X108 2.2X108 1.5X108

* Anaerobes

13% v} A=A sla, Wi 1ed MEET 10°0] 4o
AL, WHClY HAe pH oL ke si7ket MEE
Hell 2 HhS Z33 Ae AL AoiEs) wel
BHsh e BEG Aoz A=, & ik
R el & 18~20°Co) 4847 HET #Y LK
% WahRe Table 33 2et.

BERE 98 2Re AY gdon, FREE
ol BmAME T 2.6X106~6.2X10%/g 02 Fif
108/geldom Alg oA E Wadet o] 44 BRZE
v o] Mo} o] & M-S ool WAH: FEME
e #Exd 5 g9

2. Microflora 9 #%

REAA S B 280k AT REER
Moraxella spp. &} Pgudomtmas spp. 7} Z7r 31.49%,
28.6% = *FEEL o| F =, Flavobacterium-Cytophaga,
spp. Vibrio spp. Acinetobacter spp. Micrococcus spp.
Enterobacteriaceae 7} 7}7} 7.9~5.0 % & A= 8 3L,
o| ¥t = Staphylococcus, Arthrobacter, Aeromonas,
yeast 5ol L ¥ #Eslg =H(Table 4).

Table 4. Generic composition of isolates from
fresh sardine

Species Number of %

strains
Moraxella 88 31.4
Pseudomonas 80 28.6
Flavobacterium-Cytophaga 22 7.9
Vibrio 20 7.2
Acinetobacter 17 6.1
Micrococcus 16 5.7
Entrobacteriaceae 14 5.0
Staphylococcus 6 2.1
" Arthrobactér 6 2.1
Aeromonas 4 1.4
Yeast 3 1.1
Unknown strains 4 1.4
Total 280 100.0

s Shewan(1971)& At¥el 4] B & A
BT $E8, Moraxella spp. 7} 40% = A Y &2,
t}-&o| Pseudomonas spp. 24 22% $l.ow, Sera g}
Ishida(1972): WwEHS HAFRS B MBS
Vibrio spp. 2}3 &S ¥ 9.2, Horie(1973)&
BRGNS =8 Mol Pseudomonas spp. = 53%
gtz s+9m, Lees} Pfeifer(1975)% Dungeness
crab & PZfel A& Moraxella spp. 7} 2 &0l =
&0] Pseudomonas spp. Gtz Ruslgd &, o4
FRE K HRE) v£7 AFolydrh
Table 5. Distribution of the strains isolated

from the fresh sardine by their cha-

racteristics
. Positive result
Check items  Neme o .

. No. of strains %
- Gram reaction 280 31 11.1
Proteolysis 1) 280 56 20.0
2) 213 110 52,0
Lipolysis 280 175 62.5
H.S production 280 29 10.5

1) In fresh samples
2) In samples stored at about 18~20°C for 48

hours.

SIS 280 Bkl A 249 BHRL b 90% 7

-Gram 24 Felgles, KEFSEE] S HEkE

175 B2 62.5% % Solm, HSE &Esi: 2
& 10.5% 9 =H(Table 5). EHE H#fkel St
HHME FHEY ool 56 KT 20% oW A o] 18
~20°Col 4] 48417 Az Tl & FAS Fohsh
o 213 kol 110 EHKE 52% 4 sgid. ol
A9 RS BAW 27, FolT HWHG SEsta
9t diiel MEe MET Gram B FEN
15°Col 4] 25°C7AE BEA 20h4 BEHE 37
m @ Aze, = REE SWEe Ml HEE
MEY AEluEe] £ ol Foizl Y M HEF
w2 el st of AR

[
_
o
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3. BHE m@Ee] W MY MES
- B Rt

Standard method with caseinate agar plate o
A BERE SRk WY 5 HHRE BEsly ag
B Kt FEE EEL Table 654 2}, 101 %
Table 6. Characteristics of strong proteolytic

bacteria isolated from the fresh
samples

Test $101 #102

Cell morphology rod rod
Gram reaction — —
Spore formation
Motility
Production of

oxidase

catalase

H,S
Pigmentation
Fluorescent

Hugh-Leifson(glucose)
fermentative

oxidative
Gelatin liquefaction
Nitrate reduction
Growth in Sy,
Penicillin medium (3 1.U.)
Indole
v-P
Methly red
Citrate utilization
Starch hydrolysis
Casein hydrolysis
Growth at
5°C very slow very slow
45°C very slow —
50°C — —

Clear zone size on the
caseinate agar medium

(HC ratio)*
Supposed species

| +++ + 1
+

I+ 1 ++ 1| i
|

|
I

+

2.3

Pseudo-
monas

2.0

Flavobacterium-
Cytophaga

* HC rato: size of clear zone/colony size,
cultured for 38 hrs.

Btk Pseudomonas spp. 2, 102% Bk Flavob-
acterium spp. & [FlEslgl o™, =14t Psewdomonas
101 3} Flavobacterium 1022 F ). % Bk =5
BY RE pHx i HiEd 7.5309, BREL
25°C ¢ r}.

SR HiplA Al BE EHSEES A
3 Q& Pseudomonas 101 EikE pH 7.52 |/E
¥ TPY brothe] gfsle 25°C, 100 rpm .2 5§
#i2 shaking incubator o] A K53l mefl A=}

of =8 pH#{t, B BHEE 2 old 42 BRI
EEE Hed SRy Fig.ls 2o mpsss
fgel =& pH#{LE A9 ¢ggt.

X 420 nm o] 4] absorbance & Jisle Bl B
+ W=y &R 5% om0 5 HEUeRl =
4t 2m, olwl generation time-& 76 430] gl =0,
21 B5 B5#%8e] maximum growthe] ZFEslq ).
BERY &ML 18RS HHBETY AAs sl
B3 0REME Ao BEel galdm, HE 36 M)
= B BEE et A ggke

oD 420 PH 0D 595
16 | 85} 116
o/of-o-o—o—o—

. o 1.
1275 A\A\A-—élg—‘A\_ i eee- 2
08 |- 65} / ./ 108
oLt /° / {04

0 O:o 1 J_JL i " .

0 10 2 30  Lolrs

Fig. 1. Changes of bacterial growth, pH and
proteolytic activity of produced enzyme
by Pseudomonas 101 during the shaking
culture

O—0O Bacterial growth, OD 420nm
@—0 Proteolytic activity, OD 595nm
A—A pH

4. Pseudomonas 101 E#k7} & %3F pro-
tease®] &k

Pseudomonas 101 BHKE Al wloksled LA 34
31 v+&, TPY brotho) #fale] BH BMEMAA
0MFH BRSO, HBE BRRT SEKE H
BRm ozl BREAY BE pHe BES A
T #Re Fig 2, 35 e pHe A8 BEEM
-2 pH 4.50]319] EBRANE % FEES o,
PH 5.0~11.0 Aol A= #lad REslo, B pH
9l 9.0l 48 FEbkel ®lste 802 o4 EHEE
SRtz Q4. 2ela pHS8.0~11.0 Aol A =
BREES 90% AxE e 224, K Pseudo-
monzs 101 E#k-L &3 BEEE alkaline protease
& T4 g

= REd 98 BB BHES HEd &R 35°C
dlA BREEE Jeldds. 15°Cd A= BREHE
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Fig. 2. Effect of pH on the activity of protease
produced by Pseudomonas 101

Enzyme activity was showed by absorb-
ance of 595 nm with HPA dye release
method. The reaction mixture contained
1.0m! enzyme solution and 30mg HPA
in 9.0m! Tris~-HCl buffer.

0D 595 \
16T 4
E 0/0\0\0\0 ]
0 L
612
2 / I
Ll \
"é o)
o L O,
04 o
o 1 e 3 L 1 .
20 30 40 50 60 70
Temp.{"C}

Fig. 3. Effect of temperature on the activity of
protease produced by Pseudomonas 101

The reaction mixture contained 1.0/
enzyme solution and 30 mg HPA in 9.0
ml Tris-HCI buffer, It was incubated at
given temperature for 60 minutes, then
the activity of enzyme was measured.

o oF 45% ¢ ERES AT Qo) B HiEeH
AEd Relels MEE A4 HESER EFRE
& 4 SUsith MRS EELS 30°Ca4  50°C 7R
= 2 eglel B mEMEMe 3% F debia 3
g}

C:3 #

A Aol o] WEERS o, EET HET

weld W22 ans FEBLRE A¥sx Ut

weld Aele] o) whE MEETA ¢ MERG K
RS 9o e Aol WRMES MHRE Bl
I BEE Sk By MEE Slstd 1 #4
mRey sl SR BRY RE BEESS IR
T MRS Bl ohet 2

1. FEsr Aoel WEAA FED MES AF
2 i PEMEECIY R, HEERE 25°CH FR
BB A Sl 2, 1. 7X104~8,6X107/g o] ¢
i, BRNEETAAS 2.9X104~5.5X105/g o] ¢
oH, 18~20°Col4] 48Ei MET B = &
SRl 1.3X107~5.5X10%8/g el gl x, HAEE
3.8%X107~3.3X108/g 0.2 1hebytel.

2. TS AR A SR 280 EEkblA FEE
B OEeee) QERE 20% 91, BWIEE] A
L AL 62.5%, H:SE &&ste A2 10.5% A=
= REAA BRH KET Hpdde 203 FKRE
110 Btk ZHE S8kl sl

3. FiEsk Aol e PImel & Morasella spp. s}
Pseudomonas spp.o] 27 31.4%, 28.6% = E®&
Lol &Ex Yo, ol Flavobacterium-Cytophage
Spp. Acinetobacter spp. 5o 27
6~8% = wlid @& solw, o4 2% Mtz I
=5t WEEET BEL

4, FEER 280 EHkRol 4] BEESHR] Ad &
%t itk Pseudomonas 101 o] o¥, B BE R
WHE#-e 25°C, pH 7.5 01913 generation time 2
76 5+ ol

5. Pseudomonas 101 Bi#krt &Rt BE = alka-
line protease 9 0™, BEHS EH: BEHEHAL pH
9.0, 53°C¢ e pH 5.0~11.0, L5 30~50°C
Mo A = BEETEMe] M
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