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Abstract 

Paychrotrophs belonging to the genera Flauoba.cterium, P,eudomonaa, Vibrio, 
Achromobacter, Pseudobacterium and Micrococcus were isolated from croaker f'tsh 
(Johniua duuumieri) treated with preservatiw, propyl p-bydroxy 4-benzoate (paraben). 
The optimum growth temperature for the selected culture■ was 27±2°C and visible 
growth was discernable at O"C within 8-10 days. A generic succeasion wu observed as 
the spoilage of fish advanced. Pseudomonas, Achromobacter and Vibrio dominated owr 
other genera as late spoilers. Biochemical activities of these genera were also tested. 



Introduction 

Fish spoilage is a complex process governed by factors such as 
species differences, catching methods, fishing grounds, seasons, han
dling methods, nature and load of bacterial contamination. While a 
general similarity exists between the bacterial flora of fish and of its 
marine surrounding, it is also known that bacteria belonging to the 
genus Pseudonomas are the most important among fish spoilers fol
lowed by Vibrio, Aeromonas and Achromobacter to a lesser degree 
(Shetty and Setty 1990). The purpose of this study has been to deter
mine the role of psychrotrophs in the spoilage of fish treated with 
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propyl paraben and to compare the different groups with particular 
reference to their biochemical activity and growth characteristics. 

Materials and Methods 

Marine fish, the croaker (Johnius dussumieri), were collected 

by trawling at depths of 30 to 40 m off Mangalore, along the west 

coast of India. The fish were immediately iced and brought to the 

laboratory. 

Seawater agar (SWA) was used for isolation of psychrotrophs, 

and nutrient agar fortified with 3% sodium chloride, for all other 

studies. The preservative used was propyl p-hydroxy 4-benzoate 

(propyl paraben) obtained from E. Merck. All the other chemicals 
and media were obtained either from BDH (India) or Hi-media (In

dia). 

Whole fish washed in freshwater were dipped in 0.1 % propyl 

paraben solution for 30 minutes then stored in ice (1 :1 ice to fish) at 

3±2°C throughout. Re-icing was done wherever necessary. Quality of 
the fish was evaluated organoleptically by trained panelists. Repre

sentative samples of fish were taken on the 1st day and on the 14th 
day, when the fish was considered as spoiled organoleptically, and 

were plated on SWA plates after suitable dilution. The plates were 
incubated at 3±2°C until growth was discernable. About 40-50 colo
nies were picked up randomly from the plates with isolated colonies 

and were further purified and maintained on nutrient agar slants at 

3±2°C for further study. 
The selected isolates were identified up to generic level using 

the schemes of Shewan (1963) and Kriss (1967). The identity of the 
isolates was confirmed by repeated morphological and physiological 

examinations, following the procedures of Conn et al. (1957) and 

using Bergey's Manual (Breed et al. 1957). 

Different biochemical tests were conducted to study the spoilage 
potential of the cultures of late spoilers, according to the methods 
described in the manual of microbiological methods (Conn et al. 

1957). 

The optimum growth temperature of the isolates was deter

mined by incubating the cultures on slants at 0±2°C, 8±2°C, 27±2°C, 

and 37±1 °C and the time of appearance of growth of different iso

lates was noted at different intervals of time as a qualitative index 

of growth. 
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Results and Discussion 

The distribution pattern of bacterial genera in the fish during 

storage is shown in Table 1. Flavobacterium spp. dominated the 

initial flora, followed by Pseudomonas spp. The major flora of the 

spoiled fish were Pseudomonas spp. and Achromobacter spp. The 

incidence of Flavobacterium spp. dropped during the spoilage period 

and Vibrio spp., which were not encountered initially, constituted 

16% at the end. 

The results suggest a generic succession as spoilage advanced. 

Flavobacterium spp., which dominated the early spoilers, gave way 
to Achromobacter, Pseudomonas and Vibrio at later stages of spoil

age. Velankar and Kamasastri (1956) found no generic succession 

but Liston (1980), Barile et al. (1984), Shetty and Setty (1990) 

amongst others were of the view that a generic succession existed in 

the case of chill-stored fish. Liston (1980) reported that bacterial 

groups which can grow rapidly at low temperatures and utilize a 

variety of substrates from fish muscle, dominate the flora of fish 

during later storage and hence the generic succession. 

Pseudomonas spp. which formed a small proportion of early 

spoilers emerged as a dominant group among late spoilers. A simi

lar trend was also reported by Shewan et al. (1960), Surendran and 

Gopakumar (1981) and Shetty and Setty (1990). Achromobacter spp., 

which were not encountered among the early spoilers, comprised 

20% of late spoilers. Shewan et al. (1960) and Miller et al. (1973) 

Table 1. Generic distribution of initial and 
fmal bacterial flora of fish treated with propyl 
paraben during storage in ice. 

% composition 

Initial Final 

Bacterial genera (day 1) (day 14) 

Achromobocter spp. 0 20 

Pseudomonas spp. 12 36 

Flavobacterium spp. 76 20 

Vibrio spp. 0 16 
Miscellaneous 

•

12 8 

Total number of 
isolates identified 46 52 

•Pseudobacterium spp., Micrococcus spp.

also considered this group 

to be active spoilers. Other 
data regarding the impor

tance of Flavobacterium 
spp., which decreased from 

76% to 20% during spoilage 

of fish in the present

study, are scarce. Similar

observations on sole

(Eopsetta jordani) by Pelroy

et al. (1967) and on oil sar

dine (Sardine/la longiceps),
Indian mackerel

(Rastrelliger kanagurta)

and shrimp (Metapenaeus
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dobsoni) during s torage in ice were made by Surendran and 
Gopakumar (1981). 

In the present study, Pseudomonas and Achromobacter together. 
accounted for 56% of the flora of the spoiled fish. I t  was not deter
mined whether all the isolated cultures belonging to these two gen
era were involved in the process of spoilage, but Adams et al. (1964) 
were of the view that only a small proportion of the bacterial popu
lation were spoilers and that some groups existed as "free riders" or 
perhaps were involved in some synergism with weak spoilers. The 
role  played by groups such as Vibrio, Micrococcus and 
Pseudobacterium in the spoilage, if any, is uncertain. 

Biochemical activity of the isolates of different genera is given 
in Table 2. Isolates of Vibrio spp. appeared to be biochemically more 
acti ve  than other groups, while the miscellaneous groups 
(Pseudobacterium spp. and Micrococcus spp.) showed least activity. 

Table 2. Percentage of bacterial cultures showing positive reactione to various teats. 

Bacteria) genera 

Biochemical test.a Flauobocterilun A.chromobacter l'Hudmno .... Vibrio Miacel-
.... .... .... . ... laneoua+ 

Acid and Lactcoe 11, 5• 40 18, 11" 25 0 

alkaline 01....- 50, &• 40 45 100 0 

reaction in - 11, 5• 20, 20" 36 50 0 

Litmus milk 72 80 82 75 50 

Nitrat.e 
Nitrate positive 28 40 38 25 0 

reduction Ammonia 39 0 0 50 0 

Gaa 6 0 0 0 0 

Gelatin liquefaction 78 80 38 100 0 
Starch hydrolysis 0 0 18 50 0 
Ammonia from urea 22 40 9 50 25 
� productim•• 39 40 18 50 0 

Triple sugar iron 
agar utilizatim 67 80 36 76 26 

Citrate utilization 28 20 18 50 25 

Arginine hydrolyaia 33 0 0 26 50 
Methyl reel t.eat 6 0 18 0 50 
Indole production 0 0 0 0 0 
Vogee-Prmkauer test 0 0 0 0 0 
Catalue 100 100 100 100 100 

Number of iaolatea teated 18 5 11 4 4 

+Pseudobacurium spp., M"icrococcu, spp.; •alkaline naction, -teated by lead acetate strips.
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The established spoilage genera like Pseudomonas, Achromobacter 

and Flavobacterium showed moderate biochemical activity which is 
presumably due to bacteriostatic action of propyl paraben used in 
the present study (Singh 1978). Slretty et al. (1992) also reported 
Vibrio spp. as the most active spoiler followed by other groups as 
seen in this study. 

Growth response of bacterial isolates at different incubation 
temperatures is shown in Table 3. After 96 hours of incubation, 
most isolates showed growth at 27°C, with lower proportions in both 
the lower and higher temperatures at 37°C, 42% at 8°C and 7%, at 
0°C. All the cultures took 8-10 days for growth at 0°C, 6 days at 
8°C and 2 days at 27°C and 37°C. With the exception of a few cul
tures of Flavobacterium spp., the bacterial isolates showed maxi
mum growth at 27±2°C among the different temperatures tried (Ta
ble 4). Various investigators (Zobell and Conn 1940; Rucker 1954) 
have shown that psychrophiles grow better at higher temperatures,
generally above 20°C, and hence recommended that they be consid
ered as cold-tolerant (psychrotrophic) rather than cold-loving 
(psychrophilic). That 88% of the isolates in the present study show
ing good growth at 27±2°C (Table 3) substantiates this hypothesis. 
There is a general paucity of data on the optimum growth tempera
tures of psychrotrophs isolated from tropical fish. However, based on 
the observations of Anand and Setty (1977), Devaraju and Setty 
(1985) and that of the present study, it may be stated that these 
psychrotrophs show an optimum growth temperature in a range 
similar to that of those isolated from temperate waters and thus 

Table 3. Percentage of total number of isolates (42) that 
exhibited growth at different temperatures. 

Incubation Period of 
temperature incubation Percentage 

('C) (hours) 

0 96 7 

192-240 100 

8 96 43 

144 100 

'IT 96 88 

In 96 51 



96 Table 4. Growth response of various genera at different 
incubation temperatures. 

Incubation Period oC 
Genua temperature incubation Percentage 

('C) (houra) ahowing growth 

Flauobacurium 0 .. 11 

(18 iaolatee) Ul'l-240 100 
8 .. 66 

1-14 100 
27 .. 72 

37 .. 50 

l'Hudomona, 0 .. 0 
(11 ieolatea) 19'l-240 100 

8 .. 27 
1-14 100 

27 .. 100 
37 .. 64 

Adiromobacter 0 .. 0 
(5 iaolatea) 19'l-240 100 

8 .. 20 
1-14 100 

27 .. 100 
37 .. 100 

Viblio 0 .. 25 
(4 iaolat.ee) 19'l-240 100 

8 .. 25 
144 100 

27 .. 100 
37 .. 50 

Miacellaneoua 0 .. 0 
(4 iaolatea) 19'l-240 100 

8 .. 50 
1-14 100 

27 .. 100 
37 .. 100 

could be considered as facultative psychrophiles. One would have 

expected psychrophiles of temperate waters to have lower optimum 

growth temperatures than tropical psychrophiles in view of the hy
drological differences. Such a difference, however, was not apparent 

in this study. 
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