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BACTERIOLOGICAL STUDIES OF SHIOKARA OR “SOUSED SQUID”

3. ON THE VARIATIONS OF NUMBER OF BACILLI IN
SHIOKARA DURING ITS RIPENING.

Kiyoshi NAGAO

(Faculty of Fisheries, Hokkaido University)

In previous reports(!).2> the writer has explained that the ripening of SHIOKARA
was caused whether by autolyzing enzymes or by bacterial action, and he also has
written about the kinds of bacilli and the chemical changes during the ripening.

In this paper, the writer wishes to report the difference of the numbers of bacteria
found in SHIOKARA which was manufactured by using hot air sterilized salt and
non-sterilized salt, The results obtained were as follows:

(1) The maximum numbers of colonies on the plate agar-agar media containing 5,
10, 15 and 20% of NaCl respectively at 35°C and 25°C were obtained after 3 days.
This is different from the results obtained by investigators of past time. This is
supposed t0 be due %o the use of vessel of 702 moisture in which 38% H.SO, was put,
for the cultivation of bacteria in SHIOKARA.

2) The results of the comparison of use of hot air sterilized salt and non-sterilized
salt for the ripening of SHIOKARA, show that the number of bacilli present in the
raw material influenced the growth of bacilli in SHIOKARA, although the initial
growth of bacilli was slow by addition of the salt.

(3) From the observation of the relation of ripening and the number of bacilli, the
ripening by the bacterial action was found to have taken place after 20 days
fermentation.
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Table 1. The variations shown in the colonies for the period of cultivation (The
ripening was done at 20°C, the bacteria were cultivated at 35°C) (number of
bacilli in a sample 1 c.c.).

Unit : x10¢

Days of Ripening I 1 8 { 12’
Days of Cultivating 3 |6l10]14 } 25)3]6|10]14]25)3 } 6101420
5045 NaCl Sterilized salt 8 9 9 9 o o 10 10 10 10l 120 12 12 12 12
broth agar | conmon salt | 12 | 13 14 14 14 10 11 11| 12 12| 98 102 110, 13| 113
- : \ —
1094NaCl | Sterilized salt | 8 9. 9 9 9 5 5 6 6 620 21 22 38
broth agar | o,pmon salt 8 o 9 9 o 15 21 24 27 27, 147, 150| 156] 168] 172
s 9 21 24 | 147 172
1505%aCl | Sterilized salt | 5 | 6 6 6 6 3 3 3 4 4 8 o 39 58 58
broth agar | Gommon salt 5 6 7 7 7 gf_;} 4 4 4 96 142 142 154 160
209 NaCl | Sterilized salt 4 5 5 5 5 1 2 2 3 3 4 5 5[ 5 5 10
broth agar | qommon salt 4 506 7 7 3 3 4 4 4 54 102 143 198] 198
Continued
Days of Ripening | - 16 19 ( 23
N i
Days of Cultivatiog 13 B t 142t 3 ! 6|9 |14]21 EXRAE '3i25‘32
505NaCl | Sterilized salt | 224 243 243 243 250/1001]1118)1118/1120'1120] 665 _668| 671] 671] 671] 671
broth agar | Gommon st | —| —| —| —| —|1820l1850 1860186018604160423042304230:42304230
| 10%NaCl | Sterilized salt 1901 195I 214 214 214) 820 865 932 933 933| 407 408) 436 443 443 443
broth agar | Gommon salt | 173] 179, 201| 207 20917601?9017901790179042304340:1&0437043704370
1504 NaC1 | Sterilized salt | 110| 211) 216 216| 224| 647) 647) 647) 647) 650| 310, 334 334 363 363 363
broth a8aT " Gommon ralt | 146 149) 168 171] 172,1934/1962/19831983 200013780 381038103820 38203820
t ' - |
2025 NaCl | Sterilized salt | 149| 157 165 171 173 245 253| 26| 266 266 272| 316 316] 334 344| 344
broth agar | o000 ealt | 112 1210 135 140 140'1800'1830]1840'1840.1850] 582| 934]1050}1060'1080/1080
‘Continued
Days of Ripening 23 ( 26 I 33 ‘ 41
Days of Cultivating 8|36 ‘ 0 '14‘20[ 3 ( 6 { 9 [ 14{20( 3 ‘ 6| 9 [ 14
504NaCl | Sterilized ealt 37_1| —| ] | —|s360'33803410' 3410 3410] - - =
broth agar | o non salt 4230 - —I I —| ~1_,~! _12260 2340 2350 235
10%NaCl | Sterilized salt | 443 1485'1485 15101520 1530'15501620/1740' 1740) 1750 5260| 5340 5470 5470
broth agar | Gommon salt 437060606110 6250, 5410 6450’4560’4740!@0' 4740| 4740 3180| 3180 3180 3180
1505 Na(1 | Sterilized salt | 363 14061410 141014101420 115017501 750 1750' 1750 4910] 5930 5980 5580
broth agar | Gommon salt 3820 5940598060106070 60705@5190,5270t 5270, 5320, 4040 4040, 4080 4080
2095 NaCl | Sterilized salt 344 1080 11501180 121012301427 14631502] 15023 1515, 2460 3210 3480, 3480
broth agar Common salt 10804860 48904910 4990 51203240 3370 3450 3580‘ 3509/ 5150 2290 2470, 2470
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Table 2. The variations of numbers of bacilli in SHIOKARA during its ripening.
(The ripening was done at 20°C, and the bacteria were cultivated at 35°C)
(numbers of bacilli in a sample 1 c.c.)

Unit-: X104

Days of Ripening 1 8 | 12 16 | 19 | 23 | 26 | 33 |«
594 NaCl Sterilized salt 9 10 | «l2 250 | 1120 | 671 | — | 3410 —
broth agar | 51 mon salt 14 12 | 13 — | 1860 4230| —| —| 2350
1094 NaC1 | Sterilized salt 9 6 38 | 214| 933 443| 1530 | 1750 | 5470
broth agar Common salt 9 27 172 200 | 1790 | 4370 | 6%50 | 4740 | 3180
159% NaCl | Sterilized salt 6 4 58 | 224 | 50| 363! 1420| 1750 | 5980
broth agar Common _salt 7 4 | 160 | 172 | 2000 | 3820 | 6070 | 5320 | 4080
207 NaCl | Sterilizd esalt ' 5 | 3 | 10 | 173 | 266| 344| 1230 | 1515 | 3480
broth agar | Gonmonsale | 7 | 4 | 198 | 140| 18521 1080 | 5120 3592 | 2470

Table 8. The vatiations shown in the colonies for the perfod of cultivation. (The
ripening was done at 20°C, the bacteria were cultivated at 25°C) (numbers
of bacilli in a sample 1 c.c.)

Unit : x104
Days of Ripening 1 8 . 12
Days of Cultivating 3 ‘6‘10‘14\25\3.6‘10{14‘25 3’6{10\14 20
594 NaCl Sterilized salt 5 51 6 6 6 — — —| —| —| 41| 99 99 101] 101
broth 38T | Gommon salt 7 | 7 7 10 10 —| — —| — —| 361679 682 718 718
10 NaCl | Sterilized salt | 3 3} 3 3:__3;__1 7 7 7 7 ul ul 13 13 13
broth agar 1 (o mion salt 8 8 8 o 9 3 15 21 21 23 89 106 114 128 128
s I S |
|596NaC1 | Sterilized salt | 3 SEEREE o o 3 3 3 1 2 5 5 5
broth agar | Commongalt | 3 | 5 5 5 5 0 0 0 0 i 14 85 87 o7 97
2025NaC1 | Sterilized salt | 2 2 3 3 3 o o 2 2 2 o 2 2 3 3
broth agar | oo on salt 2 | 3 3 4 4 o 2 2 2 3 o el 75 81 s
Continued
Days of Ripening 16 19 23
Days of Cultivating | 3 I 4 [ 6 [14\21 3 } 6 1 0 [14{21 [ 3 ‘ 6 } 9 ]14|25i32
594 NaCl Sterilized salt 1220' 298! 309 309) 315[1000110201040@;1070‘ 3;5; 816) 816| 816 816| 816
broth agar Common salt | 150 169 180 189 19211930 19301970 1970/1 9702860 2870/2870/2870 28702870
109 NaC1 | Sterilized salt | 170 174\ 187, 187, 187102010401050f1060§1060} 350 352| 352| 364 364 364
broth agar " common salt 0150 161] 171] 184 185’15601580 1590 1590,1620/2280,2280'22802290/2290,2290
1595NaC1 | Sterilized salt | 100 103' 108, 109, 1121 19 531! 604 604| 608| 315| 336| 337| 353 353 353
broth agar Common salt | 18' 115 121[ 125‘ 12510101030103010301030 1390[1410,1410,1410 1410{1410
200,NaCl | Sterilized salt | 0 55 56 57 57, 348: 375 383 383| 388 284 331| 331 331| 331] 331
broth agar | (,mimon salt | 0 105] 109 158 163 309 327| 330 339 339, 4914701470,1470 14701470
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Continued

Days of Ripening | 23 26 . 33 ] 41

Days of Cultivating 8|36 9 14|20 3[6[9]14‘20|3|6|9 14

594 NaCl Sterlhzed ea.lt 8162160?218022002210|2210!32403260329O 32?9 3310 4910 4910
broth agar Common salt |2870 516015190'5250 5290 5310 5040 5040 5040, 5040 5070 2870 2910,

1095Na01 | Sterilized salt | 36411201210 _1_21‘_01210'1230'15001590}1720' 1720 1730 2490‘ 3520 3750 3750
broth agar Common salt 22904920,4980/5120 5260 5290 4980 5130 51301 5130, 5170' 2080 3670 3670 3670

|
, ! J f
159 NaCl | Sterilized salt | 353 9861360 1370‘13801380 1020(1650[1650 1650 1690) 2480 2750 2750 2840
T (PP, o ! t
broth agar Common salt 17304320;4380‘4380|44104410 486048904780 4980 4980) 2170, 2960 3040 3040
| {
2096 NaCl | Sterilized salt | 331 94513401340 134013401380'14201600 1600 1630/ 2240 2680 2810‘ 2870
_breriized sat | 221 29130 |

i |
f ]
broth agar Common salt |1470, 1951486014880‘4890 4890' 250 29403 120 3210 3220| 1420 1740 3280 3280

4970/ 4970
2930 2930

Table 4. The variations of number of bacilli in SHIOKARA during its ripening.
(The ripening wag done at 20°C, and cultured in the thermostat kept at

25°C) (number of bacilli in a sample 1 c.c.) .
Unit : x104
Days of Ripening 1 ‘ 8 ‘ 2 | 16 19 ‘ B | 2% | 33 | 4l
59 NaCl Sterilized salt 6 — | 10t | 315| 1070 | 816 | 2210 | 3310 | 4970
broth agar Common :alt 10 — | s 192 | 1970 | 2870 | 5310 | 5070 | 2930

102 NaCl Sterilized salt

7 13 | 187 | 1060 | 364 | 1230 | 1730 | 3750
broth agar

22 | 128 | 185| 1620 | 2290 | 5200 | 5170 | 3670
5 | 12| 608| 353 1380 1690 | 2840
97 | 125| 1030 | 1730 | 4410 | 4980 | 3040

3

1 -
2| 3 57| 388| 3311 1340 | 1630| 2870
3

Common salt

1594 NaCl Sterilized salt
broth agar

Common salt

209 NaCl Sterilized salt
broth agar

| 81 1631 3391 1470 | 4890 | 3220 | 3280
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R RIE LT BERO T,
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O POMEROEMMEEE TS v, Koo 4 LBk REEETTH 3 L Brhs, Hice
ORI 28 ME £ LCBRBIEECKDE Y. Zallis 20 AfER 7 ¢ 2 fEEo®mm
AR LTEE—ETH Do 0HLBC TR T T 7 BERER VI/INT 245, ZNITE T hoNE 2
P20 BiE & ) ZHcHEM L CE 20T, 20 HURCRY 28tk L LTHEOEN K2 b0
T3 EBEN S0 ' '
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1) B RB.A& H (1949) 1 KESHEE, 54, 21.
21 B B A& (A951): Jh#EERBUKEEEDIIE#R Vol. 1, No. 2, 81
Bl I & — (1949) 1 - JKEEHTEE p. 363, :
W ok | IE F (949 ASEEe p. 301
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