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Abstract

Microbiological characteristics of gamma irradiated low salt squid Jeor-gal were examined. Following the fer-
mentation periods, total bacterial cell, Lactobacillus spp.. Staphylococcus spp., Streptococcus spp., Pseudomo-
nas spp. and yeast cell number were counted on their selective media and some acid forming bacteria and
Pseudomonas spp. were identified. As the gamma irradiation dose increased, the microbial density of early
fermentation phase was reduced and the growth rate was delayed. The repression effects on microbiological
growth by gamma irradiation were to be higher as salt concentration increased. Adequate conditions of salt
concentration and gamma irradiation for low-salt squid Jeot-gal preparation were 10% and 10 kGy, respec-
tively. Lactobacillus sp. 2, Micrococcus varians and Streptococcus sp. | were isolated from 5% salt contain-
ing squid Jeotr-gal, and Micrococcus morrhuae was from 20% only while Lactobacillus plantarum and
Lactobacillus  brevis were widespread. Lactobacillus brevis, Pediococcus halophilus and Pseudomonas
diminuta were sensitive and Lactobacillus plantarum, Micrococcus morrhuae and Pseudomonas sp. 3 were
resistant to gamma irradiation. The diversity of microflora decreased as salt concentration decreased and
gamma irradiation dose increased.
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Fig. 1. Changes of total bacterial cell number in gamma
irradiated and 5%(A), 10%(B) and 20%(C) salted squid
during fermentation for 50 days at 15°C. Symbols: O , no
irradiation; @, 2.5 kGy; l, 5.0 kGy; [, 10.0 kGy
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Fig. 2. Changes of Lactobacillus spp. in gamma
irradiated and 5%(A), 10%(B) and 20%(C) salted squid
during fermentation for 50 days at 15°C. Symbols: O , no
irradiation; @ , 2.5 kGy; W, 5.0 kGy; {1, 10.0 kGy
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Fig. 3. Changes of Staphylococcus spp. in gamma
irradiated and 5%(A), 10%(B) and 20%(C) salted squid
during fermentation for 50 days at 15°C. Symbols: O , no
irradiation; @ , 2.5 kGy; W, 5.0 kGy; {1, 10.0 kGy
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Fig. 4. Changes of Streptococcus spp. in gamma
irradiated and 5%(A), 10%(B) and 20%(C) salted squid
during fermentation for 50 days at 15°C. Symbols: O, no
irradiation; @ , 2.5 kGy; W, 5.0 kGy; (I, 10.0 kGy
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Fig. 5. Changes of Pseudomonas spp. in gamma
irradiated and 5%(A), 10%(B) 20%(C) salted squid
during fermentation for 50 days at 15°C. Symbols: O, no
irradiation; @, 2.5 kGy; M, 5.0 kGy: [J, 10.0 kGy
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Fig. 6. Changes of yeast cell number in gamma
irradiated and 5%(A), 10%(B) and 20%(C) salted squid
during fermentation for 50 days at 15°C. Symbols: O, no
irradiation; @ , 2.5 kGy; W, 5.0 kGy; (1, 10.0 kGy
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Fig. 7. Changes of total viable cells(A), Lactobacillus(B),
Staphylococcus(C), Streptococcus(D), Pseudomonas(E) and
yeast(F) in gamma irradiated squid Jeot-gal during
fermentation for 50 days at 15°C. Symbols: O, 10% salt
and 10 kGy gamma irradiated; @ , 20% salt and no gamma
irradiated (control)

A K] WE Y B 3t <(genus) TS
24 Az Ui 4098 ABAM 247 Lacobacillus
4 5% Swphylococcus® 2%, Micrococcusd 2%,

Streptococcus®- 2%, Leuconostocds 15, Pediococcus®:
Table 1. Growth rate constant (k) and generation time (g)

of total bacterial cells in gamma irradiated and salted
squid during fermentation for 50 days at 15°C

Salt (%) 7 -irradiation (kGy) k" (Day™") g (Day)
5 0.0 0.285 2432
2.5 0.364 1.903
5.0 0.393 1.765
10.0 0.375 1.850
10 0.0 0.260 2.668
2.5 0.305 2.269
5.0 0.331 2.091
10.0 0.290 2.390
20 0.0 0.170 4,066
2.5 0.171 4.053
5.0 0.168 4.135
10.0 0.121 5.743

"Values of growth rate constant(k) is calculated from the
equation, InN,-InN,=k(40-0), (N40: total viable cell at
D+40 day, NO: total viable cell at D+0 day)

“Values of generation time(g) is calculated from the
equation, k=In2/g
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312 9 TFY Lactobacillus sp.2 TE31EcH(Table
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$12 TR Staphylococcaceae TF= APl system3}
Bergey's Manual of Systematic Bacteriology'¥ell 3}
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Table 2. Morphological and biochemical characteristics
of Lactobacillus strains isolated from gamma irradiated
low-salt squid Joet-gal

Isolates
107 133 141 150 182

Shape rod rod rod rod rod
Gram stain + + + + +
Catalase - - - - -
Motile - - - - -
Carbohydrate reactions
Amygdalin
Arabinose
Cellobiose
Glucose (gas)
Gluconate
Sucrose
Mannose
Raffinose
Ribose
Growth at
15°C - + - - +
45°C + + + + -

Tentative Identification sp.1 plantarum sp.2 sp.3 brevis

Characteristics

v 4+
VR H

4 4o
H+ o+ + 4+ 0 Ho

+ A+ A+ o+ o+

+: positive, -; negative, +: doubtful

Table 3. Differential characteristics of Staphylococcaceae isolated from gamma irradiated low-salt squid Joet-gal

Isolates

Characteristi
aracteristics 306 324

327 331 358 359

Shape spherical spherical
Gram stain + +
Oxidase - -
Catalase + +
Acid from glucose
Aerobically + +
Anaerobically
Gas from glucose
API 20 STAPH assay
Glucose +
Frutose +
Mannose -
Maltose -
Lactose -
Trehalose -
Mannitol -
Xylitol -
Melibiose -
Nitrate reduction +
Alkaline phosphatase -
Voges-Proskauer -
Raffinose -
Xylose -
Saccharose -
o-methyl-D-glucoside -
N-acetyl-glucosamine -
Argine dihydrolase -
Urea -
Lysostaphin resistance + -

.
I S R T S Sy K A +

N

spherical

spherical spherical spherical
+ + + +

+ + + +

+

+
+

+

1
+
'

+
Ok

.
+

ok H+ ot H A+ B+ o+
'

Tentative Identification Mic. varians Staph. sp.1

Mic. sp.1

Mic. morthuae  Staph. xylosus ~ Mic. sp.2

+: positive, - negative, t: doubtful



Zhod 2AHE A 2 AR WAL v|AEFE B4 1625

Table 4. Differential characteristics Streptococcaceae isolated from gamma irradiated low-salt squid Joer-gal

Characteristics

Isolates

411 417

435 450 454

Shape spherical
Gram stain + +
Oxidase - -
Catalase - -
Acid from glucose
Aerobically
Anaerobically
Gas from glucose
API 20 STREP assay
Vosges-Proskauer
Hippurate
Esculine
Pyrrolidone arylamidase
a-Galactosidase
-Glucuronidase
B-Galactosidase
Alkaline phosphatase
Leucine arylamidase
Arginine dihydrolase
Ribose
Arabinose
Mannitol
Sorbitol
Lactose
Trehalose
Inuline
Raffinose
Starch
Glycogen -
B-hemolysis - -

+ + +
+ 4+ +

. U T S

CH

o H+ o+

spherical

spherical spherical spherical
+ + +

H+

+ +

+
U S L LR +
o H 4+ o+

Lo 4
o+ 4

VH o 4

Tentative Identification Leu. mesenteroides

Strep. sp.1

Strep. sp.2 Ped. halophilus Ped. sp.1

+: positive, -: negative, t: doubtful

€ 7142 NHE Aikshe ‘E‘ 2 Streptococcus®
2, NHE AABH B3 058 Leuconostocs 2.2
THEslgoh &ekglE Ry Streptococcaceae 5
APl system¥} Bergey's
Bacteriology '@l F38led Leuconostoc mesenteroides,
Pediococcus halophilus®. 4 5733815 0m] 8ol &
83 FFE £390E 7)A sk ch(Table 4). 3,
GSP agax"ﬂ’ﬂ FE3 33 $Aols LAE 81| 4

= TFFE Pseudomonast 22 FEEI G ol Al
011*1 glucose sucrose, alanine, arginineS 5% ©]8-3}
7 2= IdFE Pseudomonas diminutaZ., 99 @&
25 ]%3}—1— gelating  7teEste TFE
Pseudomonas fluorescens3- A4 FA31g 20y FHol
E8al #& Pseudomonas spE- 71A5KITHTable 5).

7t | EFY] AT EXE MY A A7k e]
U dubsiFoeg vjgsiglont = 3 zeid 2
Atol] whel | 74A] FEEE BEAE BAk(Table 6).

Manual of Systematic

o] &, L plantarumo] A Ayl Ax F5HY ¢
idoe=z =AW Lacwbacillus sp. 2, Mic.
varians, Streptococcus sp. 1, Ped. halophilus o< 4
% 5%2) AgFeltt BT Lactobacillus sp. 3%
Mic. morrhuae, Micmcoccus sp. 3% 20%2 dEel
N pelsiele, =y
Ped. halophilus, Pse. dzmmuta Pseudomonas sp. |,
Pseudomonas sp. 2 ¥ 5kGy o’4el Zepd AR
AHE A2 BEHR sok el He A4l
2 v EE Fdsd e L plantarum, Lactobacillus
sp. 2, Lactobacillus sp. 3, Mic. morrhuae, Micro-

, L. brevis, Micrococcus sp. 1,

coceus sp. 2, Pediococcus sp. 1, Pseudomonas sp. 3
52 10kGy) b ZAFINE FEFe] Zuid
ZAlel) gk el 2 Aoz WA AAH
o2 Mop WEHQ eAeiRYe WERAY Y=
20%2) AGTFNA 1559 wdEe] Helse) g o
oFtt $EE volom 9} welasE, guid =
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Table 5. Morphological and biochemical characteristics of Pseudomonas strains isolated from gamma irradiated low-salt
squid Joet-gal

o Isolates
Characteristics
216 224 237 239 241

Shape spherical spherical spherical spherical spherical
Gram stain - - - - -
Oxidase + + * + -
Catalase + + + + +
Motile + + + + +
Fluorescent - - + + -
Growth factor + - - - -
Fermentation - - - -
Carbon sources for growth

Glucose - + + + +

Sucrose - + + -

Alanine - - + + -

Arginine - + + -
Hydrolysis of

Starch - - - - -

Gelatin - * - + -

Poly-B-hydroxybutyrate - + - +
Tentative Identification diminuta sp. 1 sp. 2 Sluorescens sp. 3

+: positive, -: negative, T : doubtful

Table 6. A distribution of acid forming microorganisms and Pseudomonas strains isolated from gamma irradiated low-
salt squid Jeot-gal

Salt conc. (%) 5 10 20

Irradiation (kGy) 0 25 5 10 0 25 5 10 0 25 5 10
Lactobacillaceae

L. plantarum + + + + + + + + + + + +

L. brevis + + + + + +

Lactobacillus sp. 1 + + + + + + +

Lactobacillus sp. 2 + +

Lactobacillus sp. 3 + + + +
Staphylococcaceae

Stap. xylosus + + + + + + + +

Staphylococcus sp. 1 + + + + + + +

Mic. varians + + +

Mic. morrhuae + + + +

Micrococcus sp. 1 + + + + + + +

Micrococcus sp. 2 + + + + +
Streptococcaceae

Streptococcus sp. | + +

Streptococcus sp. 2 + + + + +

Leu. mesenteroides + + + + +

Ped. halophilus + + +

Pedjococcus sp. 1 + + + + + + + +
Pseudomonadaceae

Pse. diminuta + + + + +

Pse. fluorescens + + +

Pseudomonas sp. 1 + + + +

Pseudomonas sp. 2 + + + +

Pseudomonas sp. 3 + + + + + + +

No. of isolates 10 8 6 3 13 11 8 6 15 14 11 7
+: detected
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