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Marine microbes have been attracted more attention as a source for novel enzymes
because they were relatively stable and active. Bacteria particularly have been regarded
as treasures of many useful enzymes: amylases, proteases, lipases, hydrolases and
reductases. The bacterial genus Bacillus proved to be an important source of amylase in
food, paper, textile and laundry industry. In the present study, a-amylase producing
Bacilli were isolated from coastal waters of Bay of Bengal, Visakhapatnam, were
characterized by employing various cultural, morphological and biochemical methods.
Serially diluted samples were cultured on Starch agar plates and incubated for 24 h at
37°C, and then the plates were flooded with Lugol’s solution. The colonies showing large
halo zone of starch hydrolysis were selected for further screening of Amylase activity. Six
isolates of Bacillus cereus; B.cereus r1, B.cereus r4, B.cereus a5, B.cereus F6, B.cereus f1
and B.cereus g1 were selected and identified. The enzyme activity was estimated by DNS
method for all isolates which were inoculated in nutrient broth and incubated at 37°C for
24 hours. The Amylase activity of B. cereus f1 was found to be maximum, 1430 ug/ml and
three isolated B.cereus a5, B.cereus F6 and B.cereus g1 showed within a range of 1000 to

1162 ug/ml and other two showed < 1000 pg/ml.
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Marine bacteria have a diverse range of
enzymatic activity and were capable of catalyzing
various enzymatic reactions with novel enzymes,
secondary metabolites and therapeutics'. Amylase
has widened application in many sectors such as
clinical, medical & analytical chemistry. Besides
their use in starch saccharification, they also have
applications in fermentation, baking, brewing,
detergent, textile, paper & distilling industries.
However, amylases from bacterial sources have
economically dominated applications in industrial
sectors®. The Bacillus sp. was ubiquitous in
terrestrial, fresh water and marine habitat®. Bacillus
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o-amylases isolated and characterized earlier in soil
and marine waters by*'8. Therefore, the present
study was aimed to isolate and identify potent
Bacillus cereus strains showing high amylase
activity from marine coastal waters of Bay of
Bengal, Visakhapatnam.

MATERIALS AND METHODS

Collection of Samples

Marine water samples were collected from
coastal areas of Visakhapatnam across the Bay of
Bengal at four sites; Rushikonda (r), Appugur (a),
Fishing harbor (F & f) and Gangavarum (g).
Visakhapatnam was situated in the east cost of
Bay of Bengal, Andhra Pradesh, India. The water
samples collected in sterile BOD bottles were
brought to the lab and stored in the refrigerator to
carry out further work.
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Primary Screening of a-Amylase producing
Bacteria

The collected marine water samples were
serially diluted 10 to 107 by Serial Dilution
Technique Method. 0. 1 ml of the diluted sample
was spreaded with L-shaped glass rod on the
starch agar plates by adopting Spread plate
Technique. The discrete colonies growth was
observed at 10~ dilution on incubated Starch agar
plates for 24h at 37°C, then plates were flooded
with Lugol’s solution (1% iodine in 2% potassium
iodide w/v) . Colonies forming large halo zones
of starch hydrolysis were measured (mm) and
isolated. The isolates were cultured in nutrient
broth were used to determine the enzyme activity
by DNS Method*. One unit (U) of a-amylase
activity was defined as the amount of pg of maltose
equivalents liberated per min per ml of enzyme
under the conditions of assay. The amount of
maltose was determined from the maltose standard
curve.
Identification of isolates

The identification of Bacillus cereus
isolates were characterized by their Cultural,
morphological and biochemical characters by
adopting standard techniques from laboratory
manual®'. The isolated showing highest a-amylase
activities were identified by referring Bergey’s
Manual of Determinative Bacteriology?.

RESULTS AND DISCUSSION

Primary Screening of a-Amylase producing
Bacteria
Isolation

Serially diluted water samples (10-%)
cultured on Starch Agar medium by spread plate
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technique. After incubation at 37°C, discrete
colonies were observed showing zone of Starch
hydrolysis as indicated by lodine staining. In the
present studies, 6 potent amylase producing
isolates of Bacillus were selected based on the
zone of starch hydrolysis showing more than 10mm
and labeled according to the four different sites of
coastal waters of Visakhapatnam as designated,
Rushikonda (r1 & r4), Appugur (a5), Fishing harbor
(F6 & f1) and Gangavarum (gl). The isolated six
isolates were identified as Bacillus (Table 1) as
per earlier reports, Isolation of bacteria by Spread
plate technique®> %, Enrichment technique®* %, and
Serial dilution method®. Identification of isolates
based on Bergey’s Manual®’-%°.

All isolates of Bacillus the amylase
production was estimated by DNS method after
incubation in nutrient broth, pH 7, at 37°C for 24 h
(Table 1). Out of 6 isolates tested, B. cereus fl
showed maximum production that was 1,430 pug/ml
where as three isolates B. cereus a5, B. cereus F6
and B. cereus gl showed 1000 to 1162pug/ml.
Niziolek* have studied 41 strains of the genus
Bacillus, he found that 19 strains were low-
productive and 12 were medium-productive strains
(10-25 U/ml). Bacillus subtilis AS-1-108, Bacillus
subtilis NCIB 8159 and Bacillus licheniformis
NCIB 7198 strains were included among the higher-
productive as they produced about 370, 170 and
40 U/ml of alpha amylase respectively. Similar work
with fungi was done by Tokhadze et al' isolated
86 strains of the Aspergillus producing maximum
acid stable alpha-amylase.

Identification of 6 isolates

All the 6 isolates of bacilli were further
classified at genus and species level by referring
Bergey’s manual of determinative bacteriology and

Table 1. Primary screening and Nomenclature of high a-Amylase yielding Bacterial isolates

S. Bacterial Isolates Bacilli classified Zone of starch Amylase activity in U/ml

No. using Bergey’s Manual of ~ Hydrolysis in mm  (Nutrient Broth, pH: 7 &
Determinative 37°C)
Bacteriology

1 Bacillus rl Bacillus cereus rl 12 942

2 Bacillus r4 Bacillus cereus r4 10 882

3 Bacillus a5 Bacillus cereus a5 13 1003.3

4 Bacillus F6 Bacillus cereus F6 18 1021.6

5 Bacillus f1 Bacillus cereus f1 21 1430

6 Bacillus g1 Bacillus cereus gl 20 1162.3
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identified as Bacillus cereus rl, B. cereus r4, B.
cereus a’, B. cereus f1, B.cereus F6, and B.cereus
gl (Table 1). Pretorius et al., * reported 134 alpha
amylase strains of Bacillus were divided into 12
groups by their biochemical and morphological
characterizations.

B.cereus r1 showed moderate, rough,
lobate, raised, irregular, and opaque colonies.
sediment growth in nutrient broth and filiform on
NA slant (Fig. 1). They were Gram positive, Strepto
bacilli, 2 um x >1 pm in size (Fig. 2), bipolar spore
forming and motile. They ferment lactose, dextrose,
and sucrose without gas production. Produced
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amylase (Fig 3), protease and lipase. Alpha-
hydrolysis on blood agar, catalase positive, oxidase
positive, VP positive, hydrolyzes urea, reduce
nitrate to nitrite, and resistance to bile salts.

B.cereus 14 colonies were moderate,
mucoid, butyrous, serrate, raised and irregular edge
(Fig. 4). Gram positive, Strepto bacilli, 2 ym x €1
um in size, (Fig. 5), central spore forming and
showed amylase hydrolysis (Fig. 6).

B.cereus a5 showed moderate, mucoid,
butyrous, undulate margin, raised, irregular,
opaque colonies, beaded on NA slant (Fig. 7). Gram
positive, Strepto bacilli, 2.5 pm x >1 pm in size (Fig.

Table 2. Colony Characterization of Bacillus cereus

Character B.cereus r1 ~ B.cereus 4  B.cereusa5  B.cereusfl B. cereusF6 B. cereus gl
Size Moderate Moderate Moderate Moderate Moderate Moderate
Surface texture Rough; dull  Mucoid Mucoid Shiny, Shiny, glistening Mucoid
glistening
Consistency Butyrous Butyrous Butyrous Butyrous Butyrous Butyrous
Chromogen white white white white light yellow white
pigmentation
Margin Lobate Serrate Undulate Undulate Undulate Lobate
Elevation slightly slightly slightly slightly slightly Flat
elevated elevated elevated elevated elevated
Form indented indented indented indented indented indented
peripheral peripheral peripheral peripheral peripheral peripheral
edge edge edge edge edge edge
Optical character Opaque Opaque Opaque Opaque Opaque Opaque
Nutrient broth Sediment Sediment Sediment Sediment Uniform fine Sediment
culture turbidity
Growth form Filiform Filiform Beaded Beaded Filiform Echinulate
on slant
Table 3. Morphological Characterization of Bacillus cereus
Character B. cereustl  B.cereust4  B.cereusa5 B.cereusfl  B.cereus F6 B.cereus gl
Morphology Strepto bacilli Strepto Strepto Strepto Stout Strepto bacilli
Shape bacilli bacilli bacilli bacilli
Size >lpm >1 pm
width 2 pm 21 pm 2] pm 21 pm >1 pm 4 um
Length 2 pm 2.5 pm 2 pm 2 pm
Gram staining Gram Gram Gram Gram Gram Gram
positive positive positive positive positive positive
Spore staining Positive Positive Positive Positive Positive Negative
Type of spore Bipolar spore Central Bipolar spore Bipolar spore Bipolar spore
Acid fast Staining Negative Negative Negative Negative Negative
Negative
CapsuleStaining Negative Negative Negative Negative Positive Positive
Motility Positive Positive Positive Positive Positive Positive
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Table 4. Biochemical Characterization of Bacillus cereus
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Experimental Observation B.cereus  B.cereus  B.cereus  B.cereus B.cereus  B.cereus
procedure rl r4 a5 F6 fl gl
Amylase activity =~ Halo zone of  Positive  Positive  Positive  Positive  Positive  Positive
hydrolysis
Protease activity Halo zone of Positive  Positive  Positive  Positive  Positive  Positive
hydrolysis
Lipase activity Halo zone of Positive  Positive = Negative Positive  Positive  Positive
hydrolysis
Blood agar Incomplete Alpha- Alpha- Alpha- Gamma-  Alpha- Alpha-
hydrolysis hydrolysis hydrolysis hydrolysis hydrolysis hydrolysis hydrolysis
Chocolate agar Growth mucoid Positive  Positive  Positive  Positive  Positive  Positive
gray colonies
Cetrimide agar No color Negative  Negative Negative Negative Negative Negative
change
Macconkey agar Pink or red Positive  Positive  Negative Positive  Negative Positive
color colonies
Mannitol salt agar  No color zone Negative  Negative Negative Negative Negative Negative
Eosin methylene Yellow zone Negative Negative Negative Positive  Negative Negative
blue agar
Bile esculineagar ~ Color less Positive  Positive  Negative Positive  Positive  Positive
colonies
Heltoen enteric Nogreencolor  Negative Negative Negative Negative Negative Negative
agar
Thiosulphate Green color Positive  Positive  Negative Positive  Positive = Negative
citrate bile salt colonies
sucrose agar
Deoxycholate agar  Pink color colonies Negative ~ Positive  Positive  Positive  Positive  Negative
Indole test No ring Negative Negative Negative Negative Negative Negative
formation
Methyl red test Yellow Negative Negative Negative Negative Negative Negative
Voges-proskauer Pink/red color Positive  Positive  Positive  Positive  Positive  Positive
test
Cirtate utilization  Green slant Negative Positive  Negative Negative Negative Negative
test
Hydrogensulfidle  Black ppt. Negative Negative Negative Negative Negative Negative
test Motility Nil Nil Nil Nil Nil Nil
Urease test Yellow Positive  Positive  Negative Positive  Negative Negative
Catalase test Bubbles Positive  Positive  Positive  Positive  Positive  Positive
Oxidase test Purple color Positive  Positive  Positive  Positive  Positive.  Positive
Carbohydrate
fermentation Gas Nil Nil Nil Nil Nil Nil
Lactose pH Yellow Yellow Yellow Yellow Yellow Yellow
Turbidity Positive  Positive  Positive  Positive  Positive  Positive
Dextrose Gas Nil Nil. Nil. Nil. Nil. Nil
pH Yellow Yellow Yellow Yellow Yellow Yellow
Turbidity Negative Negative Negative Negative Negative Negative
Sucrose Gas Nil Nil Nil Nil Nil Nil
pH Yellow Yellow Yellow Yellow Yellow Yellow
Turbidity Negative  Negative Positive  Negative Negative Negative
Nitrate reduction ~ Cherry red Positive  Positive  Positive  Positive  Positive  Positive
Gelatin liquefaction No liquefaction Negative Negative Negative Negative Negative Negative
Triple suger iron Slant Red - Yellow Yellow Yellow Yellow Yellow
(acid)agar test alkaline (acid) (acid). (acid) (acid) Yellow
(acid) Butt Yellow Yellow Yellow Yellow Yellow
(acid) (acid) (acid) (acid) (acid) Negative
H,s Negative  Negative Negative Negative Negative
Coagulas test Serum liquidifies Negative Negative Negative Negative Negative Negative
Pheyl alanine Yellow color Negative Negative Negative Negative Negative Negative

deaminase test
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Fig. 1. Colony Characterization Fig. 2. Gram Staining, Length Fig. 3. Zone of Starch
of B. cereus rl cultured on and width of B. cereus rl Hydrolysis by B. cereus rl
Nutrient agar (2000x)

@

Fig. 4. Colony Characterization Fig. 5. Gram Staining, Length Fig. 6. Zone of Starch
of B. cereus r4 cultured on and width of B. cereus r4 Hydrolysis by B. cereus r4
Nutrient agar (2000x)

Fig. 7. Colony Characterization Fig. 8. Gram Staining, Length and Fig. 9. Zone of Starch Hydrolysis
of B. cereus a5 cultured on width of B. cereus f1 (2000x) by B. cereus a5
Nutrient agar

Fig. 10. Colony Fig. 11. Gram Staining, Length and Fig. 12. Zone of Starch
Characterization of width of B. cereus a5 (2000x) Hydrolysis by B. cereus f1
B. cereus f1cultured on
Nutrient agar
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Fig. 13. Colony
Characterization of B. cereus
F6 cultured on Nutrient agar

Fig. 16. Colony
Characterization of
B. cereus gl cultured on
Nutrient agar

8). Produced amylase hydrolysis (Fig: 9) and no
lipase and urea hydrolyzes.

B. cereus f1, smooth, shiny, glistening,
butyrous, undulate, raised, irregular, opaque
colonies and beaded colonies on NA slant (Fig.10)
were observed. The cells were Gram- positive,
Strepto bacilli, 2 pum x >1 pm in size (Fig. 11).
Produced large zone of amylase (Fig. 12) but no
urea hydrolysis.

B. cereus F6 colonies were moderate,
smooth, shiny, glistening, light yellow, wavy
indentations, slightly elevated, opaque colonies,
uniform fine turbidity in nutrient broth (Fig. 13).They
were Gram-positive, Stout bacilli, 2 yumx >1 pymin
size (Fig.14), and capsulated. Gamma-hydrolysis on
blood agar and amylase positive (Fig. 15).

B. cereus gl showed moderate, gummy,
butter like, white, marked indentation, flat, indented
peripheral edge, opaque colonies, and echinulate
on NA slant (Fig.16). Gram positive, Strepto bacilli,
4 um x 21 pm in size, (Fig: 17), capsulated and
produced zone of amylase activity (Fig.18).

Morphological and biochemical
characterization was done by many earlier research

J PURE APPL MICROBIO, 7(3), SEPTEMBER 2013.

Fig. 14. Gram Staining,
Length and
width of B. cereus g1 (2000x)

Fig. 17. Gram Staining,
Length and width of
B. cereus F6 (2000x)

Fig. 15. Zone of Starch
Hydrolysis by B. cereus gl

Fig. 18. Zone of Starch
Hydrolysis by B. cereus F6

workers, Gram-Staining3?, Coagulation and
peptonization of milk®?, Starch hydrolysis®>34,
Casein hydrolysis®> ¥, Lipolytic Assay***, Nitrate
reduction test’?, Gelatin hydrolysis®*’. Blood agar
for haemolytic bacteria®, Mannitol salt agar for
halophiles®’, MacConkey agar for lactose
fermentative bacteria®.

CONCLUSION

In the primary screening, six strains of
Bacillus cereus isolated from coastal waters of Bay
of Bengal, Visakhapatnam, have showed greater
potential to produce large amounts of o-amylase.
Isolation of a-amylase producing Bacillus from
marine environment in this coast provides ample
scope for exploration in biotechnological, medical
and industrial applications.

ACKNOWLEDGEMENTS
The authors are grateful to the

Management of Dr.Lankapalli Bullayya College,
Visakhapatnam for the financial support and



SURIBABU & GOVARDHAN: STUDY OF a-AMYLASE PRODUCING Bacillus cereus

facilities provided to carry out the work
successfully.

10.

11.

12.

REFERENCES

Das, S., Lyla, P.S., Khan, S.A. Marine microbial
diversity and ecology: Importance and future
perspectives. Current Science, 2006; 90: 1325-
1335

Gupta, R., Gigras, P., Mohapatra, H., Goswami,
V.K., Chauhan, B. Microbial a- amylases: a
biotechnological perspective. Process Biochem.,
2003;38: 1599 - 1616.

Ruger, H.J. Benthic studies of the northwest
African upwelling region of psychrophilic
bacterial communities from areas with different
upwelling intensities. Marine Ecology Progress
Series, 1989;57: 45-52.

Ramesh, M. V., Lonsane, B.K. Critical - amylase
by importance of moisture content of the
medium in Bacillus licheniformis M27 in a solid-
state fermentation system. Applied Microbiology
and Biotechnology, 1990; 33: 501-505.
Lealem, F., Gashe, B.A. Amylase production
by a Gram-positive bacterium isolated from
fermenting tef (Eragrostis tef). J Appl Bacterio.,
1994 ;77:341-352.

Kunst, F., Ogasawara, N., Moszer, 1., Albertini,
A.M., Alloni, G., Azevedo, V., Kuo, M.J.,
Hartman, P.A., Isolation of amylolytic strains
of Thermoactinomyces vulgaris and production
of thermophilic actinomycete amylases. J
Bacteriol., 1966;92: 723-726.

Nielsen, J. E., Borchert, T.V. Protein engineering
of bacterial alpha amylases. Biochim Biophys
Acta., 2000; 1543(2): 253-274.

Lutz, S., Ostermeier, M., Benkovic, S.J. Rapid
generation of incremental truncation libraries for
protein engineering using alpha-phosphothioate
nucleotides. Nucleic Acids Res.,2001;29(4): E16.
Narang, S., Satyanarayana, T. Thermostable +-
amylase production by an extreme thermophile
Bacillus therooleovorans., Lett. Appl. Microbiol
2001;32:31-35.

Cordeiro, C.A.M., Martins, M.L.L., Luciano,
A.B. Production and properties of a-amylase
from thermophilic Bacillus sp. Braz. J.
Microbiol., 2002; 33:57-61.

Burhan, A., Nisa, U., Gokhan, C., Omer, C.,
Ashabil, A., Osman, G. Enzymatic properties
of a novel thermostable, thermophilic, alkaline
and chelator resistant amylase from an
alkaliphilic Bacillus Sp. Isolate ANT-6. Process
Biochem., 2003; 38: 1397-1403.

Baysal, Z., Uyar, F., Aytekin, C. Solid state
fermentation for production of a-amylase by a

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

2359

thermotolerant Bacillus subtilis from hot spring
water. Process Biochemistry, 2003; 38 :1665-
1668

Yumoto, I., Yamaga, S., Sogabe, Y., Nadasaka,
Y., Matsuyama, H., Nakajima, K., Suemori, A.
Bacillus krulwichiae sp. nov., a halotolerant
obligate alkaliphile that utilizes benzoate and
mhydroxybenzoate. Int J Syst Evol Microbiol.,
2003;53:1531-1536

Reddy, N.S., Annapoorna, N., Sambasiva Rao,
K.R.S. as overview of the microbial a-amylase
family. African Journal of Biotechnology, 2003;
2(12): 645-648

Mishra, S., Noronha, S.B., Suraishkumar, G.K.
Increase in enzyme productivity by induced
oxidative stress in Bacillus subtilis cultures and
analysis of its mechanism using microarray data,
Process Biochem.,2005; 40: 1863—1870 .
Anto, H., Ujjval, T., KamLesh, P. o-Amylase
production by Bacillus cereus MTCC 1305
using solid state fermentation. Food Technology
and Biotechnology, 2006; 44: 241-245.
Gangadharan, D., Sivaramakrishnan,S., Kesavan,
M.N., Ashok, P. Solid state culturing of Bacillus
amyloliquefacience for a-amylase production.
Food Technology and Biotechnology, 2006; 44:
269-274.

Rasiah, I.A., Rehm, B.H., One-step production
of immobilized alpha-amylase in recombinant
Escherichia coli. Appl. Environ. Microbiol.,
2009; 75(7): 2012-6.

Amoozegar, M., Malekzadeh, F., Malik, K.,
Production of amylase by newly isolated
moderate halophile, Halobacillus sp. Strain MA-
2. J. Microbiol Methods, 2003; 52: 353-359.
Miller, Gail Lorenz Use of dinitrosalicylic acid
reagent for determination of reducing sugar. Anal
Chem., 1959;31(3): 426-428.

James, G. Cappuccino, Natalie Sherman,
Microbiology Laboratory Manual, 6" edition
Pearson education, 2004; pp 50-200.
Anderson, E.H., Stuart, C.A. A quantitative
differential method for counting mixed cultures
of bacteria. J. Bact., 1935;30:207-9.

Hentges, D.J., Fulton M, Differential counting
of mixed bacterial Populations. J. Bact., 1960;
79:457-8.

Medda, S., Chandra, A.K. New strains of
Bacillus licheniformis and Bacillus coagulans
producing thermostable o- amylase active in
alkaline pH. J Appl. Bacteriol., 1980; 48: 47-58.
Pretorius, S., De-Kock, M.J., Britz, T.J.,
Potgieter, H.J., lategan, P.M. Numerical
taxonomy of alpha amylase producing strain of
Bacillus species. J Appl Bacteriol., 1986; 60:
351-360.

J PURE APPL MICROBIO, 7(3), SEPTEMBER 2013.



2360

26.

217.

28.

29.

30.

31.

32.

33.

34.

SURIBABU & GOVARDHAN: STUDY OF a-AMYLASE PRODUCING Bacillus cereus

Clark,H.E., Geldrich, E.F., Kabler, P.W., Huff,
C.B. Applied microbiology. International book
company, New York 53, 1958; pp 100-150.
Ajayi, A.O., Fagade, O.E., Utilization of corn
starch as substrate for B- amylase by Bacillus
sp. African Journal of Biomedical Research,
2003; 6:37-42

Pujalte, M.J., Ortigosa, M., Macian, M,C,,
Garay, E., Aerobic and facultative anaerobic
heterotrophic bacteria associated to
Mediterranean oysters and seawater.
International Microbiology, 1999; 2:259-266
Buchanan ,R.E., Gibbons, N.W., Bergey’s
Manual of Determinative Bacteriology, 8%
edition, Williams and Wilkins Co, Baltimore,
U.S.A. 1974; pp 56-160.

Niziolek, S., Production of extrecellular
amylolytic enzymes by some species of the
genus Bacillus. Acta Microbiologica Polonica,
1998;47:19-29.

Tokhadze, E.V., Kvachadze, L.L., Kvesitadze,
G.I., Effect of the composition on nutrient
medium on the synthesis of acid fast alpha
amylase by different strains of Aspergillus. Prikl
Biokhim Mikrobiol., 1975; 11: 515-518.

Salle, A.J., Laboratory Manual on Fundamental
Principles of Bacteriology (3™ ed). Mc Graw
Hill Book Co., 1948; pp 45-90.

Hugo, C.J., Segers, P., Hoste, B., Vancanneyt,
M., Kersters, K. Chryseobacterium joostei sp.
Isolated from the dairy environment.
International Journal of Systematic and
Evolutionary Microbiology 2003; 53: 771-777.
Gonzalez, C., Gutierrez, C., Ramirez, C.

J PURE APPL MICROBIO, 7(3), SEPTEMBER 2013.

35.

36.

37.

38.

39.

40.

Halobacterium vallismortis sp. nov. an
amylolytic and carbohydrate-metabolizing,
extremely halophilic bacterium. Can J
Microbiol., 1978;24:710-715.

Malka Halpern, Elionora, H.Z., Shakéd, T.,
Senderovich, Y., Chryseobacterium oranimense
sp. A psychrotolerant, proteolytic and lipolytic
bacterium isolated from raw cow’s milk;
International Journal of Systematic and
Evolutionary Microbiology,2008; 58;2635-2639
Mielmann, A., Food Spoilage Characteristics of
Chryseobacterium Species; Master of Scientiae
Agriculturae thesis; Department of Microbial,
Biochemical and Food Biotechnology, Faculty
of Natural and Agricultural Sciences, University
of the Free State, 2006.

Inglis, V., Hendrle, M.S., Pseudomonas and
Alteromonas infections. Bacterial diseases offish.
Edited by Ing Us V, Roberts RJ., 1993; 167-
174.

MacLeod, R.A. The question of the existence
of specific marine bacteria. Bacteriological
Reviews 1965;29: 9-23.

Roth, E., Schwenninger, S.M., Hasler, M.,
Eugster-Meier ,E., Lacroix, C. Population
dynamics of two antilisterial cheese surface
consortia revealed by temporal temperature
gradient gel electrophoresis. BMC
Microbiology, 2010; 10: 74.

Matyar, F., Kaya, A., Dinger, S., Antibacterial
agents and heavy metal resistance in gram-
negative bacteria isolated from seawater, shrimp
and sediment in Iskenderun Bay, Turkey. Science
of the Total Environment, 2008; 407: 279-285.



