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Studies on the Microbiological Ecology of Mackerel Stored by
the Method of Partial Freezing-1I
Changes in Microflora and Chemical Compounds in
Mackerel Stored by Partial Freezing

Youngje Cro*, Haruo Sminano* and Minoru AKiBa*

Abstract

Using mackerel in order to study the effects of partial freezing storage (—3°C, air-blast
or brine immersion) on preseving of fish biochemically and bacteriologically, the changes in
viable bacterial count, microflora, K-value, TMA-N and VB-N were investigated at 25°C, 0°
C, —3°C and —20°C storage.

The initial viable bacterial count of the mackerel was 2.6 X10*/cm? and the generic
composition of the micoflora included the genera Moraxella (46%,), Flavobacterium /Cyto-
phaga (31%,), Pseudomonas (III/IV-H type, 69%,), Vibrio (4%,), Micrococcus (2%) and
Staphylococcus (6%,). When stored at 25°C and 0°C, the viable bacterial counts increased to
6.2 107/cm? and 4.5 X 107/cm? after 2 and 15 days, respectively, and the genera Pseudomonas
(IITI/IV-NH type) and Pseudomona (1/II type) were dominat regardless of the stored
temperature, that is, whether it was 25°C or 0°C. Throughout the period of partial freezing
storage, however, no remarkable changes in the viable bacterial count was observed. In the
case of storage by the air-blast method (—3°C), the genus Pseudomonas(I/II type) was
dominant. On the other hand, the genus Moraxella was recognized as dominant in the case
of brine immersion.

The K-value of the mackerel muscle stored at 0°C was 639, after 12 days, but the value
obtained at —3°C was 35%, after same number of days. The difference in the K-value
between 0°C and —3°C was remarkable in spite of the small variation in temperature.

Changes in the amounts of TMA-N and VB-N were parallel to changes in the viable
bacterial counts. During partial freezing storage, the production of TMA-N and VB-N from
muscle was less than for the sample stored at 25°C and 0°C.
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Fig.1. Changes in K-value of mackerel during storage at room temperature (26°C A), 0°C
(®), ~3°C partial freezing (air-blast ®, brine immersion 0)and —20°C (m).
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Fig.2. Changes in the amount of TMA-N in mackerel during storage at room temperature (25°
C ), 0°C (m), —3°C partial freezing (air-blast @, brine immersion 0) and —20°C (o).
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Fig. 3. Changes in the amount of VB-N in mackerel during storage at room temperature (25°C
A), 0°C (m), —3°C partial freezing (air-blast @, brine immersion 0) and —20°C (m).
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Fig. 4. Sodium chloride and ethanol uptake in mackerel muscle stored in —3°C brine (39,
NaCl +59%, ethanol).
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Table 1. Results of the identification of the

Characteristics
Ps.xt I/11 Ps. ITI/IV-NH Ps. ITT/IV-H

Form Rod Rod Rod
Motility 43 + +
Gram stain — 4 — —
Acid from glucose : aerobic + - —
anerobic - — —
Cytochrome oxidase + + +
Catalase + + +
Hydrogen sulfide production — + _
Nitrate reduction — + —
Casein hydrolysis +, — + +
Growth in NaCl: 09, + + _
% - - +
Yellow pigment — — —
Penicillin sensitivity(3 TU/ml) — — —

*1: Pseudomonas *

*¢: Negative

2: Flavobactertum / Cytophaga **: Positive

T AR TH o, ik, —20C k5 K-EOEEHITL CBEHFK LI » 1,

2) TMA-N

TMA k=% 2@5 & L CREOHATICESR & h Tt 5 TMAO (trimethylamine oxide) #3if
HOMBELL > TRT IR TERTOIHETH D, 20 TMA AR IR LA SEEST, A
DHBREOEMOBENT v E=T7 LD KEL, BEHTEHEED—2 L LTFAIR TV 5,70
72, ¥ AR A lORBEIIBT2AE TR ARSPICREYEL LD T v E=TD4,
HE L\ BEOFTHHAKATIE TMAO 2BIBDH TRV 1EERKIRERER LD X
SCEREDOEZ DD (500~1,000 mg/100 ) 25T, F¥ 200~600 mg/100 g £ o TMAO
BRBI, 1h5 2l X OBRGEIY T 100~200 mg/100 g, BT 10~50 mg/100 g 1RBEE &
Shtx), TMARBC I ABMEHEIFCHEERLYHYRLL TV, ik, BEARDBEICD
TMA E*Hw L€, BEHELZTL 554, AR - TYHIRROBIAE, R B 0(4 5
B Ti24~6mg/100g, = v TiL Tmg/100g, < 7 » Tt 1.5~2.0 mg/100 g) TMA o JIEE T
BEEHELYTIBERIEERERL, thoFEvAT5 I LALETHS,

FERECHPHA L oy O ZIFREEIC B3 5 &R0 TMA-N AR B4 Fig 2i0Ri Lz, Zhn
LMLl 5w 25°C IO b DR ER 2 LA TMA-N &R X h, 2 BHEILIT 94
mg/100 g R L CRERBHRORBICE LI, ¥, 0COBAIZ8 HAKIZH 1.0mg/100 g
DEEZRLIH, ZORETCRERNCRLORELRDOhih»oiextlL, 12 HB TiX
2.4mg/ 100 g DEXRL, 15 HED 4.2 mg/100 g DB S EBRENIEE S hic, —F, —3FC R
BIEEF5=7—77 2 FETETMA-N 04212 B Bl TE2IZ 0.5 mg/100 g DET,
OCRFBRDORRE SR 2 ERBICHE L TERS TEVCETH D, 46 B Hic 4T 1 2 mg/100
gT, EHrKERENPEELNBEETH -k, 2D X5 0C & —30 & DIFREEIC K\ CHEE
BTHEOCENZD LIRS Z LRHRO K-EOHE &Rk —vTh by, 0C [HEORERK
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strains isolated from mackerel.

Genus (Group)
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Fig. 5. Changes in viable bacterial count of mackerel during storage at room temperature (25°C
A), 0°C (m), —3°C partial freezing (air-blast @, brine immersion O, brine solution A)
and —20°C (o).
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Table 2. Numbers of the strain isolated from the mackerel stored at various temperatures.

No. of -3C
Temperature bacteria . . .
Genus (Group) before the %0 0e Air- Brine Brine —20C | Total
storage blast | immersion | solution
Pseudomonas 1/11 0 23 37 50 2 2 0 114
Pseudomonas 111/IV-NH 0 64 29 1 4 0 0 98
Pseudomonas 111/IV-H 4 17 0 34 0 6 6 61
Marazxella 23 31 111 140 181 163 95 744
Flavobacterium / Cytophaga 15 0 14 18 40 64 37 188
Acinetobacter 3 4 2 3 4 4 0 20
Vibrio 2 4 2 1 2 0 0 11
Micrococcus 1 4 0 2 2 0 6 15
Staphylococcus 2 1 3 4 10 14 10 44
Not determined 1 10 11 6 15 7 5 55
Total 51 158 209 259 260 260 153 1350
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Fig. 6. Changes in bacterial flora of mackerel during storage at room

temperature (25°C).
Others contain Vibrio, Acinetobacter, Flavobacterium /Cytophaga
and unidentified bacteria.
P; Pseudomonas I/II
PH; Pseudomnas II1/IV-H MS; Micrococcus + Staphylococcus
M; Morazella
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Fig. 7. Changes in bacteriall flora of mackerel during storage at 0°C.
Others contain Vibrio, Acinetobacter and unidentified bacteria.
P; Pseudomonas 1/11 PN; Pseudonas III/IV-NH
M; Morazella FC; Flavobacterum / Cytophaga
0O ; Others MS ; Micrococcus + Staphylococcus
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Fig. 8. Changes in bacterial flora of mackerel during storage at —3°C partial freezing (air-blast).
Others contain Vibrio, Acinetobacter and unidentified bacteria.

P; Pseudomonas 1/11 PN; Pseudomonas 111/IV-NH

PH ; Pseudomonas 111/IV-H FC; Flavobacterium / Cytophaga
M; Moraxella MS; Micrococcus + Staphylococcus
Q; Others
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Fig.9. Changes in bacterial flora of mackerel during storage at —3°C partial freezing (brine
immersion).
Others contain Vibrio, Acinetobacter and unidentified bacteria.
P; Pseudomonas 1/11 PN; Pseudomonas 11I/IV-NH
PH ; Pseudomonas III/IV-H  FC; Flavodacterium / Cytophaga
M; Moraxzella MS; Micrococus + Staphylococcus
O ; Others
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Fig. 10. Changes in bacterial flora of brine solution.
Others contain Vibrio, Acinetobacter and unidentified bacteria.
P; Pseudomonas 1/11 PH ; Pseudomonas I1T/IV-H
M; Moraxella FC; Flavobactetum / Cytophaga
O ; Others MS; Micrococcus + Staphylococcus
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Fig. 11. Changes in bacterial flora of mackerel during storage at —20°C.
Others contain Vibrio, Acinetobacter and unidentified bacteria.
PH ; Pseudomonas 111/IV-H FC; Flavobacterium /Cytophaga
M; Moraxella MS; Micrococous + Staphylococcus
O ; Others
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