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The survival pattern of dominant bacterial genera encounterad in fishery environs viz
Pseudomonas, Morauzlla, Acineiobacier, Vibrio, Flasobacterium, Micrococous and Bacillus were
investigated at frozen storage lemperature of -3922°C and -2AH2°C in various suspending
fluids over a perlod of one year, The survival was maximum in fish muscle substrate for
Vibrio, Moraxelln, Acineiobacter, Micrococous, and Bacillus species.  For genera Psewdomonas
ard Flavobacterium, there was no significant difference in survival smongg the various freezing
menstruum.  Maximum reduction in coll numbers occurred during froezing period or in
thi: period immediately after frocalng, Based on the studics, the sensitivity of the bacterial
genera to frozen storage was In the order of Vibro > Bacillus, > Preudomonas > Morarella

> Acineivbacter > Flacobacterium > Micrococous.

Microbial safety and stability have been
the prime consideration in food processing
operations. One of the recent approaches
to this problem is the study of microbial
growth response to factors that control bac-
terial growth in a particular food system
(Roberts & Jarvis, 1983).

The bacterial count of the frozen product
reflects the bacteriological quality of the raw
material or its contamination during
processing; but the reduction in bacterial
count resulting from the frozen state is high-
ly variable making any prediction of quality
unrcliable (Anon, 1980). The faclors
responsible for the death of bacteria at low
temperature have been widely reviewed
(Calcott, 1978; Ingram & Mackey, 1986).
The cryosurvival of bacteria significant in
health or sanitational programmes have
been studied to some extent (Raj & Liston,
1961; Digirolamo et al., 1971; Johnson & Lis-
ton,1973). But information is very limited
on the freezing survival of other bacterial

many of which are active spoilers
(Arpai, 1962).

This paper summarizes the salient ob-
servations of the effect of freezing tempera-
tures and freezing menstrua on the survival
of selected marine bacteria.
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Materials and Methods

The study was initiated with bacterial
strains isolated from fish and shellfish in
course of the studies. For reference, type
cultures received from National Collection
of Marine Bacteria (NCMB) were used
wherever posgsible.

Ten ml aliquots of sea water peptone
broth (Peptone 1%, Potassium nitrate 0.02%
in sea water) inoculated from the stock cul-
ture served as the inoculum. Bacterial cells
which had been activated by repeated sub-
culturing in the same broth, were
centrifuged to harvest the cells, washed 3
times with distilled water and finally
suspended in distilled water toa cell density
of 0.2-0.3 at 600 nm. One ml of the suspen-
sion was used for inoculation.

To study the effect of freezing
menstruum, one ml of the suspension was
inoculated into tubes of fish muscle
medium (FM) (Matches et al., 1971) along
with distilled water (DW), sea water (SW,
salinity: 30%o), saline (NS, 0.85% w/v
sodium chloride in distilled water) phos-
phatebuffer (B, pH 7.0) and peptone water
(PW, 1% w/ v aqueous solution of peptone).
Theinoculated tubes were frozen at -3942°C
in deep freezer and stored at - 2042°C for
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upto one year. To study the effect of freez-
ing temperatures on bacterial survival,
duplicate scts of fish muscle medium were
inoculated as described above and tubes
kept at -2042°C and -39#2°C for one month

Duplicate tubes from the first lot were
removed al the end of each month, whereas
the tubes from the second set were removed
at the end of 1, 10 and 30 days. Tubes were
defrosted ata rate of 6-8°C/min by keeping
in running water.

The bacterial count of the initial cells
exposed to freczing as well as the frozen
cells were determined by spreading 0.1 ml
of the saline dilutions on sea water agar
plates (peptone 1%, ferric phosphate 0.05%
and agar agar 1.5% in sea water) and in-
cubating for 48 h at 29+1°C (RT) and
enumerating the colonies.

Results and Discussion

The effect of freezing menstruum on the
survival of various bacterial genera are
presented in Figs.1-7. Analysis of variance
of the components, freezing menstrua and
frozen storage period is given in Table 1.
The results showed significant differences
in the viability of bacterial strains belonging
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Fig. 1. Survival of a Pscudomonas strain in

various suspending fluids during frecz-
ing and storage at -20+2°C
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to the genera Vibrio, Moraxella, Acinetobacter,
Bacillus and Micrococcus and significant dil-
ferences  between  various  freezing
menstrua,  In all these cases, fish muscle
medium caused maximum survival of bac-
terial cells. For Pseudomonas and Flavobac-
terium, there was no significant difference
in the survival among the freezing
menstrua. However the freezing menstrua
showing the lowest survival differed
among the bacterial genera. Micrococcus
species showed lowest survival in peptone
water. Bacillus specics indicated lowest sur-
vival in sea water and Vibirio, Moraxella and
Acinetobacter strains exhibited lowest sur-
vival in distilled watcer.

Among the bacterial genera studied, sig-
nificant difference was observed for the
frozen storage period at -2042°C & -3942°C
(Table 3). The mean reduction in the viable
countafter different time intervals upto one
year indicated that significant reduction in
count occurred within three months. It was
also observed that the viability of bacterial
strain  was dependent on  freezing
menstruum. While Vibrio species remained
viable in fish muscle medium for five
months at -3942°C, they did not survive
for more than three months in other
suspending fluids (Fig.2).
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Fig. 2 Sarvival of Vibrio strain in various
suspending Auids during freezing and
storage at -2042°C
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Fig. 3. Survival of a Moraxella strain in various

suspending fluids during freezing and
storage at -
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Fig. & Survival of an Acientobacter strain in
various suspending fluids during froce-
ing and storage at -2042°C

The Figures clearly point to the protee-
tive effect afforded by fish muscle and its
superiority over other test substrates. Ac-
cording to Raj & Liston (1961), the protection
afforded by the fish muscle substrate may
be due to the fish protein molecules which
behave as a true colloid and interfere with
the rate of crystallisation of water in the
fish.
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Fig. 5. Survival of Flavobacterium strain in
various suspending fluids during froee-

ing and storage at -20+2°C

. a B

*——aDW

L

- ]

.o PW

—

'l i i 1 i I i e ke i 1 L
2 3 4 5 8 7 8 9 B I B
Soroge In monhihe

Fig. 6. Survival of a Micrococcus strain in
various suspending fluids during frocz-
ing and storage at -20£2"C
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Fig. 7. Survival of a Bacillus strain in various
suspending flulds during freezing and
storage at -20:2°C g
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Table 1. Analysis of variance of the viability of various bacterial genera in different freezing

menshrua,

Cenera

Psewdomonas

Vibrio

Morazella

Acinetobacler

Flavobacterium

Micrococcus

Bacillus

Source

Total

Freezing
menstrua
Storage period
Error

Tatal

Freczing
moenstrua
Storage period
Error

Total

Freexing,
mienstrua
Storage period

Error

-

Tatal

Freczing
menstrua
Storage period
Error

Total

Freciing
menstria
Storage period
Error

Total

Freczing
menstrua
Starage period
Error

Total

Freczing
menstrua
Storage period
Error

5.5 d.f ms F
2253 16 - -
0.60 5 0.2 1
11.86 2 5893 5.29*
1007 9 112 -
154.61 23 = £
100.45 3 3348 42 B3*
42.66 5 849 10.89%
11.70 15 0.78 -
101.58 65 - e
B86.70 10 8.67 95,27
10.63 5 213 341"
455 50 0.09 -
79.14 47 - -
7597 7 10.85 1409.46%
2.90 5 058 7532+
027 85 0.0077 -
125.60 as - -
24.92 5 498 202
g1.11 5 1622 f.50%
19.57 25 246 -
41 .86 35 -
6.11 5 1222 417
28.42 5 5.684 15.39*
733 25 0.2932 -
68.93 47
705 5 141 21.694
59.60 7 845 130.00%*
228 35 0.065

** Significant at 1 percent level; * Significant at 5 percent level

According to the present study, sea
water was found to be the least protective
environment for most of the bacterial cul-
tures. Reports on the survival of bacteria
in sea water during freezing are scanty.

Distilled water was found to be the most
toxic to Moraxella and Acinefobacter sp.
While Postgate & Hunter (1961) reported
distilled water to be toxic for Aerobacter
aerogenes, Clement (1961) found the same
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Table 2. Effect of freezing temperatures on the survival of various bacterial genera

Culture Percentage reduction at
No. -3942°C -
Genera After storage for days After storage for days
1 10 30 1 10 0
Pseudvmonas ~ 2PW5 7831 90.12 9253 65.06 BB.O7 92.64
SN4 7964 s8.98 93.73 69.67 B8.95 83.1
ILW5 7951 BA7 B4 7388 B213 B8.53
MB398* 6730 Le R 9751 69.05 9445 96.59
Vibrio Pwa 98.23 99.07 100.00 98.12 99.75 100.00
roIr S7.02 99.96 99.99 96,18 9987 99.98
I’Dé 9705 99,86 99.96 95.61 n 99.95
MBI 7602 97 6k 99.97 7347 o752 99.74
Acinctobacter  LW2 54.29 w5 98.75 90.00 96.75 98.29
MS8 68,89 9769 98.34 69.07 9757 98.25
2rwa 42729 T240 0. 31.09 6293 90.65
rps ann 4084 6159 4019 4206 55.14
Moraxella LWa 3687 B825 o212 3500 85,27 9100
2rwia 7240 9043 93.77 50,05 S0.10 93.66
rwe 63.64 89.50 94.75 57.37 87.64 9150
MBaos* At 88.22 96.56 24.67 74.00 9115
Flavobucterium  1MS7 8.00 48,00 59.20 4.00 4120 42.40
1MS8 4720 6,80 7920 42.80 5320 63.20
IM518 400 6260 90.80 B.00 5920 %038
4M511 23.64 3762 5354 17.28 Hodb 5391
Micrococcus Awre 279 303 66.20 17.14 724 66,90
cr 1458 2083 37.50 1250 2083 3542
arwi 11.70 3500 5532 1118 3330 k42
MB13* 3069 4148 71.04 27.59 4034 70,86
Bacillus SM10 70.83 89.4 94.67 33.64 70.00 B4
LWI15 60.00 98.47 99.15 94.00 97.00 98.60
w2l 94.84 99357 9922 9284 98.70 99.07
TNG3 90,62 9247 9557 B89 9082 9423

* Type cultures from NCMB

environment harmless to the same bacleria.
Toxicity of saline was noticed by Nakamura
& Dawson (1962) for Psewdomonas fluores-
cence and Calcott & MacLeod (1974) for Es-
cherichia coli. According o the present
study, saline was less toxic to Pseudomonas
thandistilled water, contarary to the finding
of Calcott & MaclLeod (1974). According
to the same authors salts other than sodium
chloride such as lithium chloride, polas-

T . . B T:"a1

sium chloride ctc,, are lethal as freezing
menstrua. The severe toxicity of sea water
to bacteria in this study may be due tohigh
salt concentration.

The percentage reduction of the repre-
sentative isolates in fish muscle medium
at frozen storage temperatures of -3%£2° C
and -2042° C after exposure for one, ten
and thirty days are represented in Table 2.
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Table 3.  Analysis of variance of viability eg'( various bacterial genera on storage at different freezing

temperatures in fish muscle medium

Genera Source 55 df m.s F
Pseudomonas Total 1647.16 23 - -
Bacterial strains 11836 3 3952 239

Freezing
temperature 35.37 1 39.37 238
Storage period 1207.85 2 63,92 3b.49*
Error 261.38 17 16.55 -
Vibrio Total 1663.19 23 - -
: Bacterial strains 33024 3 113.08 4.7

Freceing
temperature 1.74 1 1.74 <]
Storage period 914.89 . 457.54 19.09
Error 407.32 17 23596 -
Acinetobacter Total 745846 23 B -
Bacterial strains 5206.62 3 140221 3911

Freczing
temporature 4.51 1 4.51 <]
Storage period 1637.90 2 818.95 22,84
Error 609,43 17 3585 5
Moraxella Total 514573 23 - -
Bacterial strains 346,12 3 115.32 4,99

Froceing
temperature 85,12 1 9512 412
Storage period 4311 86 2 215593 85.33%
Error 392.63 i 23.10 -
Flavobaclerium Total 717494 23 - -
Bacterlal strain 634,80 3 211.60 265

Frociing
temperalure 542 1 542 <1
Starage period 517581 2 2587.90 32.37%
Error 135891 17 79.94 -
Micrococcus Total 277343 23 = =
Bacterial strain 690,44 3 230315 764"

Frocsing
temporature 1.79 1 1.79 1
Storage period 156896 2 784.48 26,04
Error 512.24 17 3013 -
Bacillus Total 3519.00 23 - -
Bactorial strain 148350 k| 494.50 B

Freozing
temperature 42.69 1 4269 1
Storagoe period 979.07 2 489,54 B21™
Error 1013.74 17 5963 -

** Significant at 1 percent level; * significant at 5 percent level

The periods were selected after observation (Figs. 1-7). Stalistical analysis of the
that maximum changes in the survival data were undertaken and are presented
of bacteria resulted in the early period in Table 3.

FISHERY TECHNOLOGY
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The reduction in the bacterial count
during frozen storage were quite significant
for all the bacterial genera (Table 3). The
mean reduction in the viable count at
-3%2°C in FM for Psewdomonas, Vibrio,
Moraxella, Acinetobacter, Flavobacterium,
Micrococeus .and Bacillus after 24 h were
respectively 58.90, 75.37, 44.10, 51.03, 20.74,
2538 and 64.33 percentage.  After 10 days
the corresponding values were 71.71,
HE.00,68.91,64.33, 45.96, 36.32 and 75.61 and
after 30 days the values were 75.19, 90.00,
7512, 70.89, 5557, 3649 and 79.35 percent-
age. This showed that for bacterial species
belonging to Pseudomonas, Vibrio, Moraxella,
Acinetobacier and Bacillus maximum reduc-
tion in viable count or coll death occurred
in the first 24 h. For genera Flavobaclerium
and Micrococcus, maximum cell destruction
occurred in the storage period upto 10 days.
The order of sensitivity of various bacterial
genera to freezing temprature could be rep-
resented as Vibrio > Bacillus > Pseudomonas
> Moraxella > Acinetobacter > Flavobaclerium
> Micrococcus.

Rﬂﬁardiug the two test temperatures,
-39£2°C and -20£2°C, there was no sig-
nificant difference in viability between the
two temperatures. In both cases, species
variations were quite significant (Table 3).

Tanner & Williamson (1928) stated that
during storge of bacteria at low temperature
the rate of death of bacteria followed the
curve of monomolecular reaction, death
being proportional to the number of viable
cells. Hence the plot of logarithm of the
number of survivors against period of
storage should result in a straight line. But
the survivor curve oblained in this study
was non-lincar as in previous observations
(Major el al., 1955).

The Cram negatives are generally con-
sidered  wery susceptible to  freezing
temperatures and Gram positives as resis-
tant (Calcolt, 1978, Ingram & Mackey, 1986).

Vsl 1 1000

While supporting their statement, it is to
be added that exceptions are possible as in
the case of Bacillus spp. and Flavobacterium
spp. Eventhough spores of Clostridium
perfringens were resistant to freezer damage,
the vegetative cells of the same bacterium
showed high sensitivity at -17.2°C (Canada
etal. 1964). According to Gilliland & Speck
(1974), the difference in susceptibility of
Gram positive and Cram negative bacteria
to freezing is due to the difference in the
amount and type of fatty acids and poly
glucose residues presentin the bacterial cell.

There are conflicting reports about the
effect of freezing temperature on bacterial
mortality. While Digirolamo et al. (1971)
reported -20°C  to be less harmiful than
-10°C, Covert & Woodburn (1972) noted
greater cell mortality at -29°C than -5°C.
Asakawa (1967) noted greater decline of
Vibrio parahaemolyticus at -10°C than -20°C
in laboratory media, while in raw tuna
meat, survival was same at both tempera-
ture.

The reduction in bacterial numbers as
aflected by the period of storage has been
noted previously, Digirolamo et al. (1971)
reported the loss of viability of Salmonella
sp. and Ecoli in two stages, a rapid initial
stage followed by a gradual decline.

The data accounts well for the persistant
appearance of bacterial genera comprising
Micrococeus, Moraxella, Acimetobacter and
Flavobacterium in frozen fishery products
{Harrison & Lee, 1969; Kawabata el al. 1975;
Thampuran & Gopakumar, 1991). The rela-
tively lower susceptibility of Moraxella and
Acinctobacter (formerly  designated  as
Achromobacter spp.) which are reported as
spoilers (Hobbs, 1983) points to the greater
possibility of spoilage of frozen product
during temperature abuse or defrosting. At
the same time, wide variations noted in the
survival of specics even  within a genus
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make predictions regarding shelflife im-
practicable.

The authors are gratefil to Shel M. Nalr, former
Director, Central Institute of Fisherios Technology,
Cochin.29 for his kind permission o publish this paper.
Thanks are also due to Shri H.Krishna Iyer, Principal
Scontist for the statistical analysis of the data.
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