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Quantitative and qualitative studies on the bacterial flora
of fresh Indian mackerel (Rastrelliger kanmagurta) have been
made. The total native flora as well as 5 ppm. CTC insensi-

tive flora of the fish showed variations with season.
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INTRODUCTION

The liternture available on the nature
of the bacterial flora of fish from the tro-
pical waters of India is rather limited.
Venkataraman and Sreenivasan (1952, 1954),
Velankar (1955, 1956) and Velankar and
Kamasastri (1936) investigated the bacte-
rinl flora on fish caught in the waters off
the west and east coasts of Indin. Qualita-
tive and quantitative studjes on the bacterial
florh of sardine (Sardinella longiceps)
caught off the coast of Cochin and on
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the seasonal varintion of such Tlora had
been carried out by Karthinyani and
Mahadeva Iyer (1967, 1971)

The effectiveness of bacteriostatic
chemicals, especially the antibiotics, in the
preservation of fish depends very much on
the compaosition of the native flora of the
fish. Flora of different types of fish,
though caught from the same waters, may
show considerable variations in the generic
distribution and in their behaviour towards
preservative  antibiotics. In an earlier

139




Surondran & MaRadenn .hldrl Respomisa of Bacterial flora of mackersel 1o T

communication, we had reported on the
behaviour of marine bacteria, isolated from
sardine, towards the antibiotic, (Surendran
and Mahadeva [Iver, 1971 a). In the
present work, apart from the studies made
on the generic distribution of bacteria on
the [resh fish, the changes in the compo-
sition of the microflora of the fish during
its storage in ordinary ice as well as in Sppm,
chlortetracycline (CT C) incorporated ice
have also been followed.  The findings
reported herein form part of a study aimed
at extending the knowledge on the bacterial
flora of tropical fishes #from Indian waters)
and on the changes which the flora under-
goes during icing and/or antibiotic treat-
ment of the Fish.

MATERIAL ANP METHOD

Fresh muackerel (Rastrelliger Fanagurta)
from boats landed at Manassery, Cochin,
were transferred to sterile bottles and brought
to the laboratory without delay. Skin with
muscle was cut from either side of the
fish and about 10gm. were used for deter-
mination of total viable plate count,
using sea walter agar (SWA) as the plating
medium (Surendran and Mahudeva Iver,
1971 b). The plates were incubated at room
temperature (RT) (28 £ 2°C) for 48 hours
and counts taken. In order to determine
CTC insensitive sirains, CTC at 5 ppm.
level was incorporated in the plating medium
(Surendran and Mahadeva lyer, 1976). The
colonies which developed after 48 hours on
this medium were assumed to be insensis
tive to 5 ppm. CTC.

The colonies appearing on the plates
after 4% hours at RT were picked at random
into tubes of sea water peptone (SWP) and
cultures which grew in SWP within 72
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hours were subsequently transferred to SWA
slanis. Each isplate. was re-streaked three
times to snsure purity before their morpho-
logical and biochemical characteristics were
studied, The pure-cultures were maintained
on SWA slants for subseque:t studies,

Muogphology and gram stain were ob-
served on 16-24 hrs, cultures grown on
S W A slants, Motility was observed
by the hanging drop method (Manual
of  Microbiological  Methods,  1957),
The ability of the cultures to reduce nitrate,

o produce indol from tryptone, to Tiquely

gelatin and to ferment yarious. sugars like
glucose, lactose, sucrose, maltese and
mannitol was studied by the standard
methods (Salle, 1954). Sensitivity to Pen-
icillin and CTC was determined by observ-
ing the zone of inhibition produced around
filter papeér dises (impregnated with the res-
pective antibiotic solution), placed on cult-
ures grown on agar medium. The mode
of attack of glucose by cultures was
determined by using the Hugh and Leifson's
axidative and fermentative medivm. (Hugh
and Leifson, 1953), The presence of
oxidase in tha culture was detected by
Kovacs' test, Sterile cooked fish meat
medium was employed to screen the put-
rifiers, Pigmentation was observed on
SWA slants after one weeks incubation
at RT. Growth temperature tests at 0°C
and 30°C were done using SWP and SWA
slants.

In order to stady the selection of
bacterial population during storage in ice
us well as in antibiotic ice, fresh mackerel
was stored in ordinary crushed ice and in
5 ppm. CTC ice in sepurate ice boxes. At
definite intervals, samples of fish were
withdrawn from the boxes and plated out
for total viable count on SWA and for
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Tame I

Total bacterial counts, af skin with muscle of mackerel, obtained
on SWA and 5 ppm. CTC SWA at room temperature.

Mouth Count on Count on % of 5 ppm. CTC
SWA 5 ppm. CTC SWA insensitive H{IL
September 7.60 x 10 1.50 x l0% 2.0%
October 4.10 x 103 3.66 x 10, 3.9%
November 480 x 10, 300 x l10a 6,24,
December 2,60 x 0o 4.00 x 1040 L6 %
January 4,80 x tos 300 x 104 6:2 %%
February 1.35 x 1Qe 470 x loe M7 %
March 296 x 108 350 x 104 1.3 %
April L10 x 108 547 x 109 7.7'%
May 261 x 104 280 x 102 10.7 %%
antibiotic-resistant bacterial count on Sppm, 5 ppm. level. Maximum suppression by

CTC incorpornted SWA, Well isolated
colonies were picked up from both types
of plates. The bacterial cultures collected
were classified into genera, according to
the scheme of Karthiayani and Mahadeva
Iyer (1967).

REsuLTS

Fresh fish flora

Table T gives the total bacterial eount
of skin with muscle on SWA and on Sppm.
CTC SWA fora period of nine months
(September to May, corresponding to the
fishery season for mackerel along the
Kerala coast).  The counts on SWA  varied
between 2.6 x 104 and 1.35 x 108 and on
§ ppm. CTC SWA, between 1.5 x 10% and
4.7 x 108, showing that majority ol the
fresh [ish flora was sensitive to CTC at
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antibiotic wus observed during the months
of September and December, while in
February, maximum growthof CTC in-
sensitive florn was observed,

Table 11 gives the generic distribution
of native flora as well as Sppm. CTC insen-
sitive flora of mackerel. Majority of the
native flora consisted of gram negative
asporogenous rods belonging to the genera
Vibrios, Pseudomonas, Achromobacter and
Flavobacterium.  Corynebacterium, Micro-
cocei and Bacillus constituted the gram
positive types which usually ranged between
10-15%, of the total flora. Yeasts were
always detected in the flora; usually in the
range of 2-7%,. In the 5 ppm. CTC insen-
sitive Mora, Vibrios constituted 50-707,
followed by veasts, Pseudomonas and
Achromobacter,
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Generic distribution of bacteria on skin with muscle of mackerel

SI. % %
No. Bacterial genus Native 5 ppm. CTC
flora® insensitive Aora™"

Fibrios 6.5 56.1

2 Preudomonay 16 9.3

3 Achromobacter 24 3

4, Flavobacteria a3 2.5

3. Corviebacteria a2 4

. Micrococci fi 3

7. Bacillus 5 2

B. Yeast 7 13

* Picked from colonies on SWA plates.
** Picked from colonies on 5 ppm. CTC SWA plates.

Tee-storage study

The native flora of mackerel underwent
significant changes during storage in joe.
Results of a typical ice storage study in
ordinary ice and in 5 ppm. CTC ice are
presented in Table ITI. The initial flora
consisted of 60% Vibrios, 21%, Achromo-
hacter, 129, Pseudomonas and the rest
Flavobacteria and gram positives.  After
storage for 21 days in ice, 74%, of the
Flora was constituted by Preudomonas and
15% by Achremeobacter, Vibrios had almost
completely disappeared. For fish stored
in CTC ice, the changes of the flora were
quite different; initially a preponderence
of Vibrios and yeasts was observed, but the
flora on the 21st day in ice was similar 1o
the ome in ordinary ice stored fish, except
that about 90% of the flora was 5 ppm.
CTC insensitive.
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nscussion

The total bacterial count of skin with
muscle of mackerel showed variations with
season (Fig. 1). Such seasonal variation
was also exhibited by 5 ppm. CTC insen-
sitive flora. Almost in all months of the
year, about 90%, of the native flora was
found to be sensitive to§ ppm CTC, the
maximum susceptible flora being obtuined
during the months of September and
December, during which periods, the guali-
tative analysis of the flora showed that
Vibrios constituted a lesser proportion of
the total flora. Similarly, in February,
when nearly 35%, of the native'flora was
insensitive to 5 ppm. CTC, the proportion
of the Vibrios in the total flora was maxi-
mum.  This would mean that majority
of the marine Fibrios spp. were resistant to
CTC at 5 ppm. level. This findjng is in
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Pattern of change in the bacterial flora of mackerel during storage in
ordinary ice and 5 ppm. CTC ice,

Genus or _ % of Micro-organisms at different intervals in ice

Biochemical Ordinary ice 5ppm. CTC ice

Group Days: © 7 4 21 7 4 21

1. Pseudomonas 12 24 9 74 29 B0

2. Vibrios 60 5 5 I 42 17 2

3. Achromobacter 21 49 16 15 14 18 b

4. Flavobacier 4 4 2 2 3 1

5. Gram positives and others,

including yeasts 6 I8 38 7 30 a3 ]

Biochemical group

1. Gelatin liquefiers 13 18 92 31 21 8l

2. Putrifiers 18 24 22 55 9 16 62

3. Capable of growth at (°C, 3o 95 92 97 fid 73 93
consonance with our previous results;, where Achromobacier, Vibrips and Pieudomonas

we found that 69%; of the Vibrios tested
were insensitive to 5§ ppm. CTC. (Surendran
and Mahadeva Iyer, 1971 a).

The native flora of skin with muscle
of mackerel was mainly constituted by
theee genern viz. Vibrios Pseudomonas and
Achromobacter which together comprised
about 75% of the flora of the fresh fish.
This finding is at variance with the carlier
observations of Venkataraman and Sreeni-
vasan (1952), who had reported that 559
of the total native flora of mackerel was
constituted by Bacillus spp. and that Vibrios
were absent. Though we isolated Baeillus
spp. from the native flora of mackerel, it
copstituted only 5% of the total flora, In
the case of sardine caught off Cochin,
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together accounted for 737 of the native
florn and Bacillus constituted only 1% of
the total flora (Karthiayani and Mahadeva
Tyer, loc. cit. ). The CTC resistant strains,
as discussed earlier, were mainly Vibrios,
Majority of the Achromobacter spp. and
nearly 304, of the Pseudomonas spp were
sensitive to 5 ppm. CTC. Since it is well-
known that Pseudomonas and Achromobacter
spp. include majority of the fish spoiling
organisms, their sensitivity to CTC at the
levels employed is quite significant from
the point of view of fish preservation by
CIC.

Succession of bacterial genern during
ice storage of fish is of significance {rom
the stand point of fish spoilage. The native

143




Surendvan & Makadesa lyer: Response of Bacterial flora ol maockerel to CTC

Fint . Srstimie Onimairs o PoTm Bad Cownt
T Tl O feih Auip 0 ETE Tk
Bit. CovsT Thalrs Gis Sommed T bt

I——Fll-llu-!-l.nx
e Sy of F e EN e

ET beii,

by bl W8 e e e G e Gy T
e,

Mora on' fish undergoes considerable chan-
ges during the storage of [ish at low tem-
peratures. When mackere] is stored in ice,

Vibrios i constituted 60%, of the
oﬂgﬁﬁﬁmﬁdﬂmu drastic reduction
in proportion and by the Tth day it com-
prised only 52 of the total flora and by
the end of 2| days Fibrios practically dis-
appeared (Table IIT). Whereas Prendomonas
and Achromobacter which respectively acco-
unted for 12°%, and 21%; of the initial flora,
increased 1o 249, and 49% respectively by
the Tth day. Thereafter, Psewdomonas
rapidly increased and by the 21st day, it
established itsell as the dominant [lora,
comprising 74%, of the total. Achromobacter
on the other hand, showed only a slower
riate of increase and by the 21st day, only
157, of the flora was constituted by Achro-
mohacter, However, at the time of spoilage
ol the fish in ice Psewdvmonar and  Achro-
mobaerer. accounted for pearly 907, of the
total flora,
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The picture of selection of bacterial
generd in the CTC ice stored fish was quite
different, at least for the first two weeks in ice.
Pseudomonas and Achromobacter decreassd
in proportion during the first weck, when
majority of the flora was comprised by
Vibrios, gram positive bacteria and yenasts,
Subsequently, Psendomonar began to re-est-
ablish itsell and by the end of 21 days in
CTC ice, Psendomonas emerged as the domi-
nant flora, constituting 30% of the total.
1t shows that a small proportion of CTC
resistunt Psewdomenay strains that remained
in the beginning proliferated rapidly and
established itselfl as the dominant flora later,
while the cold sensitive Fibros died out.

Table 111 presenis another interesting
finding. 26°%; of the native flora of mack-
erel were gelatin liquefiers, but only 189,
of them could produce putrid odour from
fish medin. During ice storage, there wis
a drastic reduction in the gelutin liquefiers,
parcllel with the death of Vibrios, while
there was no corresponding reduction in the
proportidn of putrifiers. By the time the
Pseudomonas and Achromobacter had domi-
nated the flora, 92¢ of the flora liquefied
gelatin and 55% of the flora were putrifiers.
These findings might indicate that Viltios
which were usually gelatin liquefiers, were
not generally putrifiers; in other words, they
do not presumably have an active role 1n
spoilage of fish. Table 111 also shows the
gradual development of psychrophilic bact-
eria during storage in ice, as indicated by
an increase in the percentage of strains
capable of growth at 0°C from the Tth day
of jce siorage.

Organisms which can grow at low tem-
peruture and exhibit proteolytic  activity
can be assumed to be respansible for spo-
ilage. (Shewan, Hobhs and Hodgkiss, 1960),
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A preponderence of a particular genus ata
given instant in the bacterinl population
of spoiling fish muscle is vsually indicative
of its strong involvement in the spoilage phe-
nomenon. But then, putrifiers need not
confine themselves to one major group
alone, but they are to be found in all gro-
ups. According to Adams, Farber and
Lerke (1964) “apparently only a small por-
tion of bacterin of a particular group can
cause spollage; the remainders probably
exist as free riders or prabably are involved
in some synergism with weak spoilers™.
Hence, eventhough 80, of the flora of
mackerel ut the time of spoilage in ice was
constituted by Pseudomonas, only a {raction
of them need be actual spoilers.
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