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_ ABSTRACT =

N Bac‘:tcr,iolbg'ical; cxamination of ‘the gastrointestinal i_nicroﬂbra of two. fresh water cichlid
fish. species (Sarotherodon mossambicus and. Tilapia., nilotica) was performed, resulting: in' the
becteria enumeration of total viable counts of 1.06.x:107 /g, and 7.75 .x 107 /g, of gastre - bacteria
intestinal tract plus contents -(wet weight) respectively, by aerobic incubation at 2{0 +.1°C.. ¢

.T'Hc. majority. (78%) -of the ,total gut- isolates fr_om -both fish spcq:n_e.s was _G‘raip positive
mesophilic which is characteristic of the higher ambient temperature in the tropics These
isolates were fastidious in their nutritional requirements and together with the'rest are isogenous
to bacteria autochthonous to soil and water. The occurrence of such organisms is attributed to
the feeding' habits of these *fish. The gastrointestinal bacteria 1solatcc.i‘ in this study are

transient residents but not_‘indigehousi’ in these’ czcilzh‘d" fish. 2

Introduction:

f animals has become a popular, research area: to the ecologist
' t is 'populated by. -.whatfisﬁt;rmed a( B‘[ml}:rmal, or
A . e 3 concept of ‘the sterility- of fish -gut ake, 11935;
;/x[ldlgcn‘ous microbial- ﬂora'béczhere;?;;zd o tlﬁa popular view! thatfeeding fish always - harbour
ol 1953) as mo (Shewan and Hobbs, 1967) and that ouly migrating
have an empty intestinal tract ‘or’at the ‘most a

¢ * bacterial flora
icrobi ; 65). However the presence of a ‘normal’ bacte
low mlcrobl‘al count '(Brafmstr;gs}se,ré'ilh%" 3igsue' as’ investigators "believe''that fish do not 1;13)19‘ _any
inent.(wggd l'?957 ) ‘and is a funiction - of ‘hthe.,fc’)gd'v’l_nje_ctcd (Lxs}qy, 1956). . s ami /
» RN 5
| bacteria of fish has enabled investigators to understand
icrobial relationships with the host, bacterial

' . The gastrointestinal  tract: 0 ; :
and -microbiologist  alike.. In most animals- i

fish which undergo fasting may frequently

The study of gastrointestina

i ; i fish, m
biological phenomena underlying Spolaé? e implicated with consumption of fish. Further,

intoxications 1 h const ish. :
g}l&:%;;s ioﬁ‘cumy?itelf 'ﬁ&eag%ofogivﬁozféiilx‘cjl,ir’;qtgfs of faecal fpollut_iqn‘ of waters, :m_h.ab!.tcd
by ﬁsﬁc:;lczl‘ 'tziféforé_hefﬂed; e oring .sanitaTy, COnAILONN,; ORaWAIS. L iitii0o | d

cambicus. and Tilapia nilotica 3te KO fresh water ﬁs{‘;_gpoqe_s qfé e:;,t:g
orig:.. Sarotherodon mossam ,:c“_.s'_t A enica as food B, OF the two the former is rep o
onigin, which, were. introduced into If in the North Central Proyince, and other areas (Mend ;
a-‘l’-la°°§5ti;t“t°'5,‘mj°"~ﬁf'h‘gy thlg ll;st:er probably _would;lggg;onstrate locally the high potentia
ond Fer an (B o : e
“'-'Jhi"'f ézﬁiﬁf&d l'i?i&i)t's native waters; (Fryer and Iles ;
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74 THE NATURE OF THE AEROBIC GASTROINTESTINAL BACTERIA OF CICHLID ‘FISH .

It was felt that microbiological information, of the above two economically lmportant
fresh water fish would be most opportune to the developing inland fishery industry of Sri
Lanka. Studies on the microbiology of fresh water fish are .notal?ly scarce, specially from
the tropical region. The present report is the outcome of an investigation on, the nature of
acrobic gastrointestinal bacteria of the above two fish species grown . under - captivity.

Materials and Methods
Selection of fish

Young fish (6-8 months old) of the! species : Sarotherodon - mossambicus and Tilapia
nilotica_grown under known culture conditions in domesticated mud ponds were obtained
from fresh water fisheries station, Panapitiya, Kalutara. The selected fish which had -been
caught the previous day and kept overnight ina recovery pond were transported in oxygenated
polythene bags containing ‘1/3 full of clean fresh water. They were in transit. for- about
1§ hrs and were in very good condition on arrival. ' The fish were acclimatized and transferred

of study. The weight of S. mossambicus and T. nilotica specimen  examined ranged from
32.6g to 93.2g (average weight 62.9g) and 38.8g to'75.3g  (average weight 50.9g) respectively.

Post mortem. and Bacteriological Examination

1 The fish were caught by dip net and killed by delivering a blow to the head. (Trust
et al., 1979); washed clean. After surface sterilization (Gibbons and Reed, .1930) the gastro-
intestinal tract in its entirety was removed by adopting aseptic surgery and weighed. It
was homogenized in a blendor with a standard volume of } strength Ringer’s solution.

' The resultant homogen;te was serially diluted using the same diluent and suitable
dilutions -are. plated on Nutrient agar (Difco) pH 6.8. The seeded: plates ‘were incubated
aerobically at 30 + 1°C 'for 24 to 48 hrs. The total viable counts:. per'‘gram. of ' intestinal
tract plus contents were determined for each specimen. - ! .

Isolation of bacteria

. Répresentafiifes of éll the écbgnisable. fnorpholoéibally diﬂ'eréht bacté i‘al' lonic

SRR S : : sabl ) terial colonies were
pxcked‘_._oﬁ"i_f:rom suitable plates. They were purified and the selected pure :cultu}les' were
transferred into Nutrient agar slants in Bijou bottles, - After incubation at 30 + 1°C for
upto 48 hrs these were stored at 4°C as stock cultures, Il el 4

}Chérézgtgri‘z‘qt.f'an and Identification of bacteria

~* 'During' charactérization ‘the preserved stock' @ e o .

i 1ZatiC res cultures ‘were ‘recovered in Nu ri gar

plates. t_Th;: morphological characteristics such as pigmentation, staining, shape arfdlez;.lrtraa:lggi-
ment of cells, motility, presence of capsules and endospores of ‘each “culture ' are ‘studied

... .. The biochemical properties examined incly idation’ and’
in“ Hugh and Leifson’s (1953) normal and modi%igl :;‘Al?t;gﬁdmlfedfi‘zr"
Eﬁﬁ’iﬁ’}*iﬁ%&eﬁf‘ds{fmﬂn glucose, sucrose, maltose, lactose, galactose,  salidin, arabinoge
glucose, *xylose, arabinoso ang woarls, R i oot B e
. ; re il . (¥al
::é:z:i%n"?ftaxt}tsgtephogph?tgse: coagulase, arginine, ornithine paxfgnc‘l’ysige '?etg:tl'gggfascf‘
Suictiom rate anf‘-mtnte, production: of ‘indole from tryptophan, H,S from = Kligler's
g4I, ammonia from wyrea and production of acetyl methyl carbino] 3 "détectior% of

| mixed acid fermentation: utilization - of citrate, malate, aspartic acid; “acetate and - histidine

; fernientation of and -
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as the sole carbosl source and reaction to litmus .mij ivi i
Nutrient - 8gar having ‘1% (w/v) soluble starch. Prdt‘::]:)llljr(t.ic Aar.gzilvaii;' -3:;;‘”13“::13% i;es%gsem
agar 1% ‘(w/v) uand Gelatine agar 0.4% (w/v) and lipolytic "activity . was tested in. Tween
agar having 1% (v/v) Tween 80 (Atlas). Growth in 5% (wjv) NaCl, 10% (wly) NaCl
without added NaCl, growth at pH 5 were tested in Nutrient broth, and g‘:owth'at 45°C,

| 65°C were tested on Nutrient agar. Sensitivity to five antimicrobial agents was also tested

as necessitated. All the tests were carried out in accordance with the materials and
given in Harrigan and McCance (1976) and Buchanan and Gibbons (1974)_‘35 and methods

For the identification of Gram positive coccoid bacteria, Sub Committee Report (1965),
Baird-Parker (1962, 1963, 1965 and 1966) were employed. Gram positive endospgre fgrmin)g
bacteria were identified on the basis of Gorden and Smith (1949), Smith, Gorden and Clark
(1952) and Wolf and Barker: (1968). Identification' of ‘Gram negative rod shaped bacteria
was based on Bain and Shewan (1968), Hendrie and Shewan (1966) and Shewan, Hobbs and
Hodgkiss (1960 a & b).

: Identification schemes of Cowan (1977) and Buchanan and Gibbons (1974) were adopted
for the final identification of the gut isolates. _ . :

Results

The total and average viable counts obtained for the two fish species are illustrated
in Table I. The average viable counts recorded for Sarotherodon mossambicus and Tilapia
nilotica were 1.06 x 107 bacteria/g (range 6.11 x 10¢ to 5.76 x 107 bacteria/g) and 7.75x 107
bacteria/g (range 1.25 x 105 to 3.09 x 10° bacteria/g) respectively.

TABLE 1

THE TOTAL VIABLE COUNTS OF BACTERIA I'SQI:AT.ED FROM
Sarotherodon mossambicus AND Tilapia nilotica (after-hl

j - Number of viable bacle;:'a) gl
; - No.  of (wet weight) - - '+ -
A 'F”h s samples
: Average Range

THE GASTROINTESTINAL TRACT OF
24 of incubation at 30i1°C)

x 104
x 105
x 106 _
x 108
x 108
x 108
x 108
x 108
X 106
x 107 -
-x 107
x 107
x 107

x 108
x 108
x 108
x 107
x 107

7
Total tract i S. mossambicus 13 IEUCEs

plus
contents e sy 7 Taliel

.

1 = e \S LD WD R = = 0O

NUOO L= O\ B D e
U8B rddbos

07 7.75 x 107 :

-

N W=

plus 3 : _ o .
Contents ‘ ' Yy . et

88285a&R
o
—
(=]
-~

w o0

x 108

-

(Isolation medium — Nutrient Agat PH 68)

v
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" Out of 134 gut isolates examined 105 (2bout 789) were Gram positive, of which 49 strairs
" were rod shaped bacteria that formed endospores; 22 were coccoids and:the rest Pelng aspoTogenous
‘rods. Gram negative rod. shaped bacteria amounting to 29 strains (abQU_t_ZZ S0 co:}_S‘ml_tutqd_the
"rest of the total gut isolates (Table 2). The percentage composition of different bacteria in the gut
,of the two fish species is illustrated in Table 3, Which shows that same types of bacteria arc encoun:
tered in the gut of both fish spceies. Table 4 illustrates a summary of some selectéed important bio-
chemical characters of all the gut isolates exmained and provides information on the nature ‘of these
organisms. e ’ f SRS S e
i : A EORE I "' TABLE 2 ; oAU, Ll 307
 PERCENTAGE COMFOSITION OF THE TOTALBACTERIAL ISOLATES FROM THE GASTROINTESTINAL
ajzer ¥ TRACT OF Sarotherodon, mossambicus AND: Tilayia nilotica - S (ST

{

F Number of Number of-" ©.0"'] Nuhiait
Organism isolations samples from Percentage
T T ATy T e - - which isolated |
Gram positive bacteria 8 2 (
M{cracaccrls roseus o e 0l 1/(15) 2.99
Microcaccus luteus : o o 02 1/(15) — “
Micrococcus cryophilus K 01 1/(15) —
.Staphylococcus.saprophyticus owr add Aok Braieicdn chrion 12, 8/(15): v to1c: 896
Planococcus sp. CrgmEl o sl ity (oo e REUT b R, gl T S 3/(.15)“"‘! i -A':;2‘99
;grregtocanIJJ,sp. e RSN Iy s LR ST Ot e VA 3 5 Y - 0"7'4' o
‘Sarcinasp. i\ & BV O Yl 110 sune) natasy e D00 i \
Bacillus sp. teviiaones: Jo\pihgisnd 401 3 2; AT B léfﬁg)) o Bl 0.4
Coryneform bacteria k i ' 19 ‘7/(15) T %gig ’
Gram negative bacteria AT )
Enterobacter aerogenes. . . .. - et oot
Entergbacter cloacae’ - aied dita BLER ANASGRE AT ‘.“‘82 oo 2AS) o s 148 g
Citrobacter freundii - ] L) ueli dieuat e 06‘. v 25 4.46
Kiebsiella pneumonige > i 012 1/(15) 0.74
ibrio sp. i R " . 2.99
Moraxella - Acenetobacter i, o w0101 1/(15) <L 0:74
Pseudomonas aeruginosa ; : e 01 1/(15) 0.75
Psedononas sp. al 3 03 3/(15) 672
Flavovacterium sp. g s 06 4/(15). WO
Unidentified Gram positive . b o3 - 1/(15) 149
and Gram negative bacteria S o o Lo
AL i) & (15) 11,39
* Expressed as the percentage of total number of i - EEI0D. o
' specimens. X organisms (134) isolated from 10.S. mossambicus and 5 Ta nilotic
Y g L TABLE 3

PRECENTAGE COMPOSITION* OF D

7

IFFERE
NT BACTERIAL GENERA IN THE TWO FISH SPP.

o1 Organisms
« Sarotherodon ilapi i
= T mossambious ,,T,ffgﬁ'c‘:,
Bézcﬂ!us t.yp.
*Coryneform’ bacteria T =g OF 40.00 :
Staphylococcus sp. i v -+ oanne (12,63 %‘ggg
Micrococcus sp. i D o 7.37 12,
Plariococcus sp. Y . fie 0.00 82 g
. Enmterobacter sp. ‘ 8 o e 2.11 D £
*\ Pseudomonas sp. it X et 8.42 o
'\ © Aeromonas hydrophila e % e 5.26 l(s)ég
£ L . . 4.21 \
s = No. of isolates. - —on v 5
* TR A e imion, b i i Arm o —
Expressed as the percentage of total number of orgm;;r'ns i-“;Ol%ted St P - Y
X R O f e TIey 3
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DISCUSSION

Yo g fory
o Tt
Al

Significant viable bacterial Counts were obtained from ' the ‘gastrointestinal “'tracts of all
the specimen -of . both. thesecichlid fish-species. - Typically. they.assume. upper limits .generally
accepted for “free living fish: (Trust et al., 1978) and thus supports: findings. of many investi-
gators. The magnitude of these™ bacterial populations suggests possible multiplication within
the digestive tract of fish. In comparison, the average count obtained for -T- nilotica-spp was
7.31 times greater than that..of .S. mossambicus. Both these fish species inhabited the same
waters and share common feeding habits, albeit the average weight of gut of the,Jatter was
found to be slightly higher {1.1g and 2.1g respectively) > ol 2 ¢ sl

In temperate countries:it. is ithe Gram negative psychrophilic . bacteria that. .predominate
the gut flora of fish (Shewan, 1971). In this study a high percentage (78 %) of  Grami positive
mesophilic bacteria was isolated.. . The predominance of this group of " organisms (Bacillus sp.
‘Coryneform’ bacteria, microcosci, staphylococei) among-ihe gut florais copsistani . with the
views of Shewan’ and Hobbs ‘ (1967), Scholes and Shewan: (1964)- and ‘Shewan:.(1961). The
higher ambicnt__fcfhperature found ‘in the tropics'and the relatively high :nqubgt;ogﬁtﬂn'nperature
(30+ 1°C) adopted for initial ' isolation appear.to be conducive for more, mesophilic Gram

o) & al aoilongr oF

Positive bacteria to propagate! T

This coﬁl& perhaps be the; first report on the occurrence 'q'f,.é‘t_sph)'loct')ccli; 'ai;nf)ng. the
guts flora of fish;” Coagulase ‘niegative non-pathogenic Staph“!fIOGOCCl are _-?Q\VE tc:1 Pc ‘ubiquitous
and have been isolated also' from human skin and ‘animal carcsa_sfgs}i A LR L, B
However the strains isolated in this study do mot belong in the tapl); oc:gqu:kls_u 2 Egr o:p
VI of Baird-Paker (1963) which' are the types rep Drt?d tod e rt;: s'ail;mlz :trainlsn' re o Tt
staphylococci, ail.the other bactifl'i%l’l"‘s“ains isolatcd i tIEE: [y all‘lere,'L‘iril" various art?s :;'outshy
reported among gut flora of marine or fresh water ﬁ§h :g :\: :his- A ef sy tb.:
World - although ~the quantitative aspects’ show d:ﬂ‘erence§i o ﬂuence'-v-'bacterial:"-growth‘.-u.Qualita
media and culture conditions (pH and: temperature) greatly in ut flora found in freshwater
tively the results of this study show a close resemblance to gut HOTE A Skl

salmonid fish and grass carp (Trust ef dl, 19795197 8)uitiseitt ~5 boeit i g, ot srawke badibiand

3 ) PR IS
1. - The' «occurrence  of .E.’-lgm?nateda :a?“?-'l 4?15 tyf r:igr'r:ébccﬁjllbly)f.rtogetl.lqr  with' cotcoid ]-)‘aclfe.u‘?;
bﬁ"tf?‘? m large numbers (3657A ¢ these ﬁSIh'It fsﬁ;’vell‘ Ignownthqt lT‘n.dolIca an‘ d S:
RAEY Sl gy feecite SR 4 nbtrition and | generally” féed ‘on ‘detritus ‘and
MOS o 7 i s 16 . 'Oj[‘l'll'l.l.Y(.n_":-,'.,‘J Lk Ve R AP el e ko ""'w!-t GOi!ld
sdi{"‘?:{gf.t{c‘ﬁ? ;re hfrb;‘;"ﬁ’;i;‘:ld specially the occurrence of Bacillus spp. in 'their gu
: Om deposits .
be attributed to this feeding h_al'a.xt.l o

] fov L ah e -
ROG Ao B azads Y 3139 oty Ml

* Béillus * ‘strains ' and *‘Coryniform?

P SEIC aidoran 2t 1a -."'.-'F.‘ nitd &.'>.- b ...-L‘;‘. X

bl BF N . g~ " . ! o " t)'._are fﬂstldlomi
. e etvad out isolates: showuithat ithe: majori :

ristics of ‘thier BUC 05 L ich utilize: oitrate . as .ithe:
in':"n“fl’i"ona"' 18 irements W;}:rse the prototrophic 'lorlg:'m;m(sd;?lv;l;lf/l;. u'tI‘he fastidious group
Sole ¢y ::l s 1-mun.em‘mnts to- less than half the populd l:nd _21- Graom T iy
Ibon source amou ccoid bacteria and, 21 Gram pOSItIVE &+ ot s
“Mprised, llus - strains, alf the, S9500° L Tk denitrification process’ was obseryed
oused. of 41 Bacillus . stralns, R is the key Step i 1§bl'ité§;:’s’ij€¢iallyj',,ﬂ,lc‘.PSbll{lofnér}adﬁ,

TR i A o x e \ -V'Q Pl I
X The abili ,to.rpdll.cﬁ.Al,ll._fe}';af‘.g-‘ym-' A negativesisplates, SpeGlaty, wH $icét) BinTay
SMong, 66/ of =I§e;is-°1;}_;§s,,;; where all;the ﬁf;;@f comprised: the denitrifying, group.;  This

: ‘ m;, K \ .to soil . ater .
98t Bacillus. strains: and,, the "Caorﬂ;zt;‘;w@,among microbes,autochthonous: to soil ;and water .

0858 is @ characteristic  feature €1



since fish' are known to purify t
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TABLE 4

SUMMARY OF BIOCHEMICAL CHARACTERISTICS OF THE BACTERIA ISOLATED FROM
GASTROINTESTINAL TRACT OF Sarotherodon mosambicus AND Tilapia nilotica

Bio-chemical characteristics Number + Percentage
q Positive Positive
Pigmentation N 4 5 60(134) ‘ ‘44,77
Catalase - e 13 ) 132(134) 98.50
Kovacs’s Oxidase (Cytochrome ‘C’) 5 o 59(134) 44.02
Utilization of Citrate as sole C source (e 7 56(134) © 41.79
Reduction of Nitrate (Nitrate reductase) a B 90(134) 65.69
Hydrolysis of Gelatin (Gelatinase) .. st e 106(134) 80.91
Hydrolysis of Casein (Casease) ot % 5o 93(118) :78.81
Hydrolysis of Starch (Amylase) a S50 e 46(125) . 36.81
Hydrolysis of Urea (Urease) o T SE 72(134) : 53.73
Production of Indole (Tryptophanase) A O 9 (134) 6.72
*_ Production of Acetyl Methyl Carbinol G 52(134) 38.80
Mixed acid Fermentation e e o 27(134) 20.14 .
Oxidative, Hugh & Leifson’s test .. 35 ao 21(134) ©15.67
Fermentative Hugh & Leifson’s test . . 44 ch 44(134) ¢ o 3284
No reaction, Hugh & Leifson’s test .. 5o . 69(134) 51.48
Acid from Litmus Milk o 2 e 22(33) 66.66
Production of Arginins Dihydrolase b o 29(33) 87.88
*' Acid from * Glucose : 1) £ % " 70(134) 4 52.23
In‘osttgl A (IS e, er - 16(60) e 26.66
Mannitol RN Ao 34(87) 39,08
Lactose o o S 19(84) ¢ 22.62
" “Acid From * ¥ Glucose L % Ao 2267, 32(38) '84.21
it Arabinose ST e o 21(35) .60.0
‘ RSPl el o gt e 280D 80.0
ylose : ', o &5 e 23(36) - 63.83 - (

t. Number of strains tested given in parenthesis.
* Peptone water broth. .
* Modified slant medium (tested for Bacillus spp. only)

Further the proteolytic activity shown by a very high percenta ; -
s A0, g e centage of the gut o

gelatin, 797, hydrolysed casein) and the ability to split urea shdwnb; Sdt}OIittetsh(s!/ol hydrolysc;il

chara_cten_stxqs-_of terrestrial an d aquatic bacteria. This evidence strongl; su e'et xs,glates ai ?"f

the organisms if not all, isolated in this study are similar to thoss found in soj igfl‘l; sWat :: m'l‘?;:s o

e 2 )belongmg In the

collectively 8.997) were encountered be conside ;

ey 8:9/0) Were encountered, an € considered as indj organi in tropi

> _ : . €0 ndicat

pg'::ir;lgfgm%%;i;i ;:SS;E}) 1958). The absence of ‘faccal® ‘éoliform'oorr‘g)arlgi??nfsm rsullI;tx? lt(;fcl
_ :eXis P hese gut isolates, but it:is inconclusive

‘An'fresh water, . - : :

B I 0
[



5. K. HAROLD SILVA AND S.“WIDANAPATHIRANA - 79

_This study. has shown that fresh water cichlid fish harbour significant bacterial populations
in their gastrointestinal tract. Aerobic and facultatively anacrobic bacteria abound the gut flora
which is predominantly Gram positive and mesophilic in character and these organisms reflect
the environment of the fish. There is no evidence to indicate that this microflora is ‘indigenous’
or ‘normal’ to the gut of these cichild fish. These organisms are probably transient residents.
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