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809 of the flora of skin, gills and intestines of oil sardine and mackerel at isolation
temperature 28 4+ 2°C consisted of Gram negative asporogenous rods or cocci, belong-
ing to the genera Vibrio, Pseudomonas, Moraxella, Acinetobacter and Flavobacteria)
Cytophaga. Wearly 109 of the flora was constituted by Gram positives, Micrococcus
and Arthrobacter. Incubation temperature of 36 + 1°C recovered more Vibrio spp.
and Gram positives, while at lower temperatures of 8 £1°C and 14 1°C, more Pseudo-
monas, Acinetobacter and Moraxella spp. were recovered. Significant changes with
respect to season were observed in the relative distribution of different genera.

Fish harbours heavy loads of bacteria
on their skin and adhering slime, gills and
intestines. The bacterial flora of fish show
considerable variation with the environmental
conditions in which the fish live. Spoilage
of fish, post mortem, is mainly due to
bacterial action. In order to develop
suitable methods of control of bacterial
spoilage, a thorough knowledge of the bact-
eriology of fish is imperative. Exhaustive
studies were carried out on the bacterial
flora of fishes from temperate waters (Liston,
1956, 1957, Georgala, 1958; Dyer, 1947,
Liston & Colwell, 1963; Shewan, 1961).
However, such informations pertaining to
tropical fishes are rather very limited. Invse-
tigations of Wood (1940, 1950 & 1953) on
the bacterial flora of the fishes caught in the
warmer waters off Australia have showed a
preponderence of Gram positive types.
Some preliminary studies on the bacterio-
logy of fish on the east and west coasts of
India were made by Venkataraman & Sreeni-
vasan (1952 & 1954). Karthiayani & lyer
(1967 & 1971) studied the flora of oil sardines
caught off Cochin, but, their findings were
limited to the mesophilic types only. Ina
previous communication on the bacterio-
logy of oil sardine and mackerel (Surendran &
Gopakumar, 1982) the quantitative aspects
were reported and the present paper, deals
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with the qualitative aspects, with special
reference to seasons.

Materials and Methods

Ocean fresh oil sardine and mackerel were
transferred to large wide mouthed sterile
glass bottles and immediately brought to the
laboratory, keeping them under ice (within
2-4 h after catch.)

Total bacterial counts of the skin, gills
and intestines were determined as described
by Surendran & Gopakumar (1982). Cul-
tures from sea water agar (SWA) plates
were isolated. For isolation of cultures,
usually all the colonies from the plate whose
count fell between 30 and 60 were asepti-
cally picked and transferred to sea water
peptone (SWP) tubes. In cases where
plates with a count less than 60 colonies
were not available, about 30-60 colonies
were picked from each such plate, taking
care to pick colonies of different colony
morphology proportional to their relative

distribution in the plate. The inoculated

tubes were incubated at two different tem-
peratures, those from plates at 1+£1°C
and 8+1° C were incubated at 8+1° C
(for 7 to 10 days) and the ones from plates
at 2842 °C and 3641 °C were incubated
at 2822 °C for 2 to 4 days. Cultures that
showed positive growth after the incubation
periods mentioned were transferred to SWA
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slants and incubated at the above two tem-
peratures in the respective cases. Each
isolate was re-streaked three times to ensure
purity before their morphological and bio-
chemical characteristics were studied. Pure
cultures were maintained on SWA slants
at 81 °C for subsequent studies. Mor-
phological, biochemical and cultural chara-
cteristics of the cultures were determined
and the cultures were differentiated upto
the generic level, as described by Surendran
(1980) and Surendran & Gopakumar (1981).

Results and Discussion
1. Generic distribution of bacteria

Tables 1 to 6 present typical data on the
generic distribution of bacteria on the skin
and in the gills and intestines (with contents)
of oil sardine and mackerel, at four different
temperatures. Majority of the flora of il
sardine consisted ot Gram negative asporo-
genous rods or cocci, belonging to Vibrio,
Pseudomonas, Moraxella, Acinetobacter and
Flavo-bacterial Cytophaga (Tables 1, 2 and 3)
and constituted more than 809/ ot the flora
of skin, gills and intestines, at the isolation
temperature of 2842°C. Vibrio accoun-
ted for 30% of the flora on skin, followed

Table 1. Generic distribution of bacteria on
the skin of newly caught oil sardine
Petcentage of total isolates
from SWA plates
Temperature of isolation
284 8 36 1k
2°C 1°C 1°C 1°C
Vibrio 30 12 48 8
Pseudomonas 22 36 6 42
Moraxella 8 12 6 14
Acinetobacter 20 24 12 22
Flavobacterial
Cytophaga 2 3 4 2
Arthrobacter 4 1 7 1
Micrococcus 6 8 12 5
Bacillus 1 0 1 0
Aeromonas 1 1 0 0
Photobacterium 2 0 0 0
Unidentified 4 3 4 5
Number of
colonies identified 86 78 69 82
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Table 2. Generic distribution of bacteria in

the gills of newly caught oil sardine

Percentage of total isolates
from SWA plates

Temperature of isolation

28+ 8k 36k 1%
2°C 1°C 1°C 1°C

Vibrio 18 10 38 6
Pseudomonas 16 36 10 50
Moraxella 17 14 12 15
Acinetobacter 28 24 16 19
Flavobacterial

Cytophaga 4 5 2 4
Arthrobacter 3 0 4 0
Micrococcus 10 8 12 5
Bacillus 0 0 1 1
Aeromonas 1 1 0 1
Photobacterium 1 1 0 0
Unidentified 2 1 5 0
Number of

coloniesidentified 110 92 88 102

Table 3. Generic distribution of bacteria in
the intestines with contents of
newly caught oil sardine

Percentage of total isolates
from SWA plates
Temperature of isolation
28 8% 36 Ik
2°C 1°C 1°C 1°C

Vibrio 16 9 24 8

Pseudomonas 28 40 16 56

Moraxella 24 18 20 16

Acinetobacter 6 8 8 9

Flavobacteria/

Cytophaga 12 10 4 5

Arthrobacter 2 0 6 0

Micrococcus 8 9 12 5

Bacillus 0 0 1 0

Aeromonas 1 1 0 0

Photobacterium 1 0 0 0

Unidentified 2 6 9 1

Number of

\O
o0

colonies identified 128 103 92
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Table 4. Generic distribution of bacteria on
the skin of newly caught mackerel
Percentage of total isolates
from SWA plates
Temperature of isolation
284+ 36+ 8+ 14
2°C  1°C  1°C " 1°C
Vibrio 36 43 21 12
Psedomonas 16 7 36 51
Moraxella 8 6 11 7
Acinetobacter 16 18 14 10
Flavobacterium/
Cytophaga 4 2 4 5
Arthrobacter 2 4 1 0
Micrococcus 6 10 7 8
Bacillus 5 6 1 0
Aeromonas 1 0 1 1
Photobacterium 0 0 0 1
Yeast 4 2 3 2
Unidentified 2 2 1 3
Number of
colonies identified 90 78 94 110

Table 5.  Generic distribution of bacteria in
the gills of newly caught mackerel
Percentage of total isolates from

SWA plates
Temperature of isolation
28+ 36+ 8+ 1+
2°C 1°Cc  1°C 1°C

Vibrio 24 38 16 8

Pseudomonas 32 18 46 56

Moraxella 8 7 10 8

Acinetobacter 10 10 14 12

Flavobacterium|/

Cytophaga 5 2 5 3

Arthrobacter 3 5 2 0

Micrococcus 8 9 5 7

Bacillus 1 2 0 0

Aeromonas 2 0 1 1

Photobacterium 2 0 0 0

Yeast 2 1 0 0

Unidentified 3 6 1 5

Number of

colonies ;

identified 147 88 106 85
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Table 6. Generic distribution of bacteria in
the intestines with contents of
newly caught mackerel

Percentage of total isolates
tfrom SWA plates
Temperature of isolation
28+ 36+ 8+ 1+
2°C 1°C 1°C 1°C

Vibrio 29 44 18 11

Pseudomonas 19 9 32 47

Moraxella 17 12 14 12

Acinetobacter 12 8 11 14

Flavobacterium/

Cytophaga 6 3 4 4

Arthrobacter 2 4 1 0

Micrococcus 8 12 10 8

Bacillus 0 1 0 0

Aeromonas 1 0 1 0

Photobacterium 2 0 0 0

Yeast 2 3 1 0

Unidentified 2 4 8 4

Number of

cnlonies identified 85 110 98 76

by Pseudomonas (22%,). Acinetobacter (20%),
Moraxella (8%) and Flavovacterial/Cyto-
phaga (2%). Of the Gram positives, which
formed 119 of the flora of the skin, Micro-
coccus constituted 6%, followed by Arthro-
bacter (4%). The relative distribution of
different genera is influenced by the tem-
perature of incubation. At higher tem-
perature, namely, 3641°C, the proportion
of Vibrio increased considerably, while both
Pseudomonas and Acinetobacter decreased
greatly. Further, the Gram positives increased
to 20%, Micrococcus accounting for 129
and Arthrobacter 7%. When the incuba-
tion temperature was lowered, the propor-
tion of Pseudomonas increased very much,
accounting for 36% of the flora at §4+1° C
and 42% at 1+1° C. Similarly the pio-
portion of Acinetobacter and Moraxella
also increased. Thus, Acinetobacter cons-
tituted 24%, of the flora at 8+1° C and 229
at 1£1° C and Moraxella 129% of the flora
at 84+1° C and 14% at 1£1 C. But,
there was a significant fall in the proportion
of Vibrio at lower incubation temperatuies,
constituting only 12% of the flora at 8+1° C
and 89, at 1+1° C.
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The proportions of Vibrio in the flora of
gills and intestines of oil sardines at 28 +£2 °C
were less, compared to that of the skin flora,
whereas, Acinetobacter and Moraxella were
more in the gills and Pseudomonas and
Moraxella in the intestines. In the flora
of gills, Acinetobacter constituted 28%, Pse-
udomonas 16%, Moraxella 17% and Vibrio
18 %. 289 of the flora of intestines was com-
posed of Pseudomonas, 24%, by Moraxella,
169, by Vibrio and only 6% by Acinetobacter.
But 1297 of the flora was comprised by
Flavobacter|Cytophaga. The effect of incu-
bation temperatures on the proportion of
different genera was similar to that of the
flora of skin. Higher incubation tempera-
ture was favouring the recovery of Vibrio
and Gram positives while lower incubation
temperature recovered more of Pseudomonas.
It is significant to note that at 141 °C,
42°7, 50% and 569 of the flora of the skin,
gills and intestines respectively of oil sar-
dines, were constituted by Pseudomonas
alone.

As in oil sardines, more than 80% of the
flora of skin, gills and intestines of mackerel
was comprised of Gram negative, asporo-
genous rods or cocci at 2842 °C. These
were constituted by Vibrio, Pseudomonas,
Moraxella, Acinetobacter and Flavobacterial
Cytophaga. The share of Gram positives
was nearly 109, of which Micrococcus for-
med the major constituent. Vibrio accounted
for 36, of the flora of the skin, 249 of the
gills flora and 299 in intestines with con=
tents.  Pseudomonas constituted 329 of the
flora of the gills, but cnly 16% and 19%
of the flora of skin and intestines respecti-
vely. The proportion of Moraxella was
more in intestines (17%,), compared to skin
and gills (8°] each). Acinetobacter accoun-
ted for 169, 10% and 12% respectively
of the flora of skin, gills and intestines.
Flavobacterial Cytophaga remained at 4 to
6% in them. The effect of incubation
temperature on the selection of various
genera of bacteria from skin, gills and intes-
tines of mackerel wasmore or less similar
to that observed in oil sardines, higher tem-
perature (364 1°C) favouring the selection of
Vibrio and Gram positives and lower temper-
atures favouring Pseudomonas. At 36+1°C,
Vibrio accounted for 43% of the skin flora,
389, of the gills flora and 44% of the inte-
stinal flora. The proportions of Pseudomonas
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at 84£1°C were 36%, 469, and 329 of the
flora of skin, gills and intestines respecti-
vely. At 141°C the proportion of Pseu-
domonas increased to 51%, 56% and 479
respectively in skin, gills and intestines.

A comparison of the flora of oil sardines
and mackerel shows that there is virtually
no difference in the qualitative composition
but small differences in the relative propor-
tions of the different genera may be visua-
lised. Their flora were found to be very
similar to the flora of the fishes from tem-
perate waters, in that the majority of the
flora was comprised of Gram negative asporo-
genous 1ods. The flora of North Sea skate
and lemon sole consisted mainly of Pseu-
domonas,  Achromobacter  ( Acinetobacter-
Moraxella group), Flavobacteria and cory-
neforms (Liston, 1957). The skin flora of
North Sea cod constituted mainly Pseudo-
monas, Achromobacter, Flavobacteria, Vibrio
and coryneforms (Georgala, 1958). Asche-
hong & Vesterlius (1943) reported the flora
of Norwegian winter herring to be comprised
of Pseudomonas, Achromobacter, Flavoba-
bacteria and Micrococcus. Although, the
bulk of the flora of the fishes from temperate
seas and the flora of oil sardines and mack-
erel, caught off Cochin, is constituted by
gram negative asporogenous rods and cocci,
they differ very much in qualitative com-
position. The results reported in Tables
1-6 show that nearly 20 to 359 of the flora
of oil sardine and mackerel at 284+2 °C
is composed of Vibrio, whereas in North
Sea and Norwegian fishes, only a small
proportion is constituted by Vibrio.

The tropical fishes are reported to harbour
chiefly Gram positive bacteria (Shewan,
1961). Thus, Wood (1953) found the skin
flora of Australian toleosts to have 60%; of
Microccus followed by Pseudomonas (16%),
coryneforms (129;),  Bacillus (8%) and
Vibrio (47;). Venkataraman & Sreenivasan
(1952) reported that 559 of the skin flora
and 85% of the gill flora of mackerel was
constituted by  Bacillus. Achromobacter
accounted for a small portion. Karthiyani
and Iyer (1967) found that the skin flora of
oil sardines was comprised of Achromoba-
cter (32%), Vibrio (27%), Pseudomonas
(14%) and Flavobacteria (119;) and that the
gut flora, mainly comprised of Achromo-
bacter (30%), Vibrio (15%) and Pseudo-
monas (30%).

FISHERY TECHNOLOGY
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According to Shewan (1961), the marine
environment does affect the flora of the fish
and that in warmer waters off India, east
coast of South Afiica and Australia, a
greater percentage of Gram positives (meso-
philic groups like Bacillus coryneforms and
Micrococcus) should occur and that the
colder waters favoured Gram negatives,
particularly the psychrophilic types of Pseu-
domanas and Achromobacter groups. But
the results of the present study seems to be
at variance from that of Venkataraman &
Sreenivasan (1952) and is in agreement with
the reports on fish from’ temperate ‘waters.
This also confirms the earlier reports of
Karthiayani & Iyer (1967).

2. Seasonal variations in the flora

Figures 1 to 4 show the seasonal varia-
tions for three years, in the distribution of
various genera of bacteria in skin, gills and
intestines of oil sardines. Figures 5 to :8
represent the seasonal variations in the dis-
tribution of four important genera of bact-
eria in the skin, gills and intestines of mack-
erel.

Seasonal variations in the percentage of
Pseudomonas present on the skin, gills and
ntestinés of sardinés are shown in figure 1.
High percentages as much as 50-709, of
skin flora were obtained in February and
May in the case of skin flora. Peak values
in gill flora were obtained in April and
September, whereas for intestines. with con-
tents, high proportion of Pseudomonas were
in March, September and December.

- Figure 2 represents seasonal changes in
the distribution of Vibrio in the skin, gills
and intestines of oil sardines. Peak values
in skin, are obtained during June and Sept-
ember. In gills, peak values are in March,
June-July and October-November. In
intestines, high percentage of Vibrio were
mnoticed in June and October—-November.

Seasonal variations in the proportion of
Acinetobacter in the skin, gills and intestines
of oil sardines are presented in figure 3.
Distinct peak values are seldom obtained
and in most of the months, A4cinetobacter
formed nearly less than 209, of the total
flora. Maximum of 30% was_ obtained in
August in the case of skin. But for gills,
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The seasonal variations in Moraxella in
skin, gills and intestines of sardines, are not
significant, in comparison with the seasonal

changes in Pseudomonas and Vibrio.

Mora-

xella comprised only 10-159 of the flora

in‘most of the seasons.
flora,

In the case of skin
only in August and December the

highest value of 209, was obtained. For
gills, peak values were in June and August
and December and for intestines in January
and. August (Fig. 4).

The seasonal variations in the distribu-
tion of Pseudomonas in skin, gills and intes-

tines of mackerel are given in Fig. 5.

Wide

fluctuations in the percentage of Pseudomo-
nas with seasons were noticed. Peak values
were in January-March season for the skin,
September and January—March for gills
and September, December and  February-
March period fer intestines with contents.
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Fig. 6 represents the seasonal changes in
the relative distribution of Vibrio in mackerel.
Considerable fluctuations in the distribution,
varying from as low a value of 2% to as
high as 72% were noticed. In the skin
flora, peak values were in September—October
and May. For gills, higher percentages
were obtained in September—October and
April-May and for intestines in October—
November and April-May period.

In Acinetobacter, seasonal changes are
not very appreciable (Fig. 7). The propor-
tion of Acinetobacter in the skin flora is usa-
1ly below 10-209%;. But Peak values are
obtained in December and April. The peak
values in gill flora are given in December
and March and in intestinal flora during
September and January.

Moraxella is usually in the range of 2—
309 of the total flora of skin, gills and intes-
tines of mackerel (Fig. 8). Peak values for
skin are obtained in December and March—
April, for gills in December-January and
March and for intestines in Frbruary.

From Fig. 1 to 8 it is evident that signi-
ficant seasonal variations in the relative dis-
tribution of various genera of bacteria in oil
sardines and mackerel, are exhibited by
only Pseudomonas and Vibrio. 1t is interes-
ting to note that peak values for Pseudomo-
nas almost always correspond to the lowest
values for Vibrio and vice versa. Peak
values of Pseudomonas in the case of oil
sardines are obtained in the late winter mon-
ths and early summer. In mackeiel, peak
values of Pseudomonas aie recorded only
in the late winter months. Whereas, peak
values for Vibrio are mainly during monsoon
months in oil sardines, for mackerel peak
values for Vibrio were obtained in monsoon
and summer.

However, the changes in the distribution
of Acinetobacter and Moraxella in sardines
and mackerel could not be correlated to a
particular seasonal phenomenon. But, the
peak values in oil sardines, for both Acine-
tobacter and Moraxella have been noticed
during August, the middle of monsoon
period. In mackerel, the peak values for
Acinetobacter was in winter period and for
Moraxella it was in late winter and early
summer.
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Karthiayani & Iyer (1971) made similar
observations in ‘the distribution of Pseudo-
monas and Vibrio in sardines, with respect
to season. Seasonal differences in the rela-
tive proportions of Pseudomonas, Achromo-
bacter and Corynebacterium were also re-

- corded by Shewan (1953), Liston (1955)

and Georgala (1957, 1958).

According to shewan & Hobbs (1967),
seasonal differences in the relative propor-
tions of the bacterial genera are related to
temperature preference of various groups of
bacteria. Also changes in salinity caused
by heavy 1ains during monsoons may con-
tribute to variations in qualitative compo-
sition of the flora. Further, seasonal varia-
tion within a single species from the same
area was almost certainly related to such
factors as temperature and the presence or
absence of plankton (Liston, 1956).

The authors express their sincere gratitude to the
Director, Central Institute of Fisheries Technology,
Cochin for the facilities provided for this investiga-
tion. They are also thankful to the Scientist-in-
Charge, Microbiology Division for his co-operation.
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