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It  has been well es tabl ished that  the coliform test is one of the mos t  
valuable  aids for es t imat ing the sani tary qual i ty  of water. Many  workers  
have repor ted  that  the col iform index  is h ighly variable and  often fails to 
detect  faecal pol lut ion of such  foods (Ra] et al., 1961). 

As coliforms const i tute  a group of organisms of diverse origin, they  do 
no t  necessar i ly  represent  faecal organisms in h u m a n  or animal  gut. I n  
view of this, E. c o / / t y p e  I of all the coliforms has recent ly  received m u c h  
a t tent ion as a s ingular  representat ive  of faecal pollution. However ,  the 
reliability of faecal E. col i  itself as a true pol lut ion indicator  organism has 
been  detec ted  by  m a n y  invest igators  (Buttiaux, 1958, and  Raj et al., 1961). 

Fish have been  cons idered  a conveyor  of mic roorgan i sms  (Potter  and  
Baker,  1961) and m a y  therefore  inf luence the col i form index  of their  
habitat.  This inf luence could  be of significant magni tude ,  if mult ipl icat ion 
of E. col i  occurs  in the  fish intest ine as sugges ted  by  J o h n s o n  (1904), and  if 
the organisms are retained in the  fish for any length of time. The preva- 
lence of col iform organisms  has been  repor ted  to increase w h e n  fish 
inhabi ted pol luted water  (Guelin, 1954, and Huggins  and Rast, 1963). This 
observat ion is suppor t ed  by  studies in which  col iforms were  found  in 
mar ine  fish taken  f rom pol luted coastal  waters, bu t  were no t  detec ted  in 
fish taken  offshore (Jones,  1960, and  Ewing  and Davis, 1961). 

In format ions  as to possible sources  of faecal pol lut ion m a y  be desirable 
in special  invest igat ions and can be obta ined t h rough  supplementa l  
examinat ions  for faecal streptococci.  This group encompasses  a wide 
spec t rum of strains tha t  have diverse survival  rates and  specific faecal 
origins and also includes several b iotypes  that  are of l imited sanitary 
signif icance (Geldreich and Kenner ,  1969). Organisms of s t reptococcal  
group have been  isolated f rom the intestinal  tract  of var ious species of 
fresh water  fish (Venkataraman and  Sreenivasan,  1953, and  Eve lyn  and  
Dermot t ,  1961). 

Once fish have acqui red  pol lut ion or pa thogenic  organisms,  or both,  in 
their  gut, it is conceivable  that  they  could become  unsafe  f rom the public  
heal th  point  of view. 

This s tudy  was deve loped  to include compar i son  be tween  the two 
indicators  for correct  judging  the  sani tary qual i ty  of fish. 

659 



EI-Zanfaly and Ibrahim, Occurrence of  bacterial pollution indicators 247 

N a s s e r ' s  L a k e  i n  A s w a n  r e p r e s e n t s  t h e  m a i n  s o u r c e  o f  f i s h  c a t c h e s  
w h i c h  r e a c h  a b o u t  30 ,000  t o n s  i n  1980.  B o u l t i  f i s h  w a s  s e l e c t e d  f o r  t h i s  
s t u d y ,  b e c a u s e  i t  c o n s t i t u t e s  o v e r  95 % o f  t h e  p r e v i o u s l y  s t a t e d  a m o u n t  
a n d  a l s o  b e c a u s e  i t  i s  t h e  w e l l  p r e f e r a b l e  s p e c i e s  b y  t h e  E g y p t i a n  c o n -  
s u m e r s .  

Mater ia l  and m e t h o d s  

B o u l t i  (Tilapia nllotica Linn. )  f r e sh  w a t e r  f i sh  w as  u s e d  in  t h i s  i nves t iga t ion .  F i s h  
w a s  c a u g h t  f r o m  N a s s e r ' s  L a k e  (Aswan ,  F e b r u a r y  1981), t r a n s f e r r e d  to Cairo  u n d e r  
r e f r i ge r a t i on  b y  t h e  E g y p t i a n  G e n e r a l  O r g a n i z a t i o n  for  F o o d  Stuffs .  F i s h  s a m p l e s  
w e r e  t r a n s f e r r e d  d i r ec t l y  to  t h e  l a b o r a t o r y  u n d e r  r e f r i ge r a t i on  a n d  s a n i t a r y  condi -  
t ions .  

S w a b  m e t h o d  was  u s e d  for  sk in  a n d  gills s a m p l i n g  as r e f e r r e d  to in  t h e  s t ud i e s  of 
m i c r o b i o l o g i c a l  c o n d i t i o n s  of su r f ace s  (Ange lo t t i  e t  al., 1964). S w a b b i n g  so lu t i on  
c o n s i s t i n g  of 0.013 M p h o s p h a t e  buf fer ,  p H  7.0, w a s  d i s p e r s e d  in  25-ml  q u a n t i t i e s  in  
s ter i le  t e s t  t u b e s .  T h e  so lu t i on  w as  s te r i l ized  b y  a u t o c l a v i n g  at  121 ~ for  15 min .  
S te r i l e  c o t t o n  s w a b s  w e r e  m o i s t e n e d  in  th i s  s o l u t i o n  b e f o r e  u se  for  s w a b b i n g  f i sh  
su r f ace  or  gil ls a n d  r e t u r n e d  to t h e  t e s t  t ube ,  w h i c h  c o n t a i n e d  t h e  s ter i le  b u f f e r  
so lu t ion ,  a n d  s h a k e n  v igorous ly .  

32 f i sh  s a m p l e s  w e r e  d i v i d e d  i n to  4 g roups .  E a c h  g r o u p  was  d e h e a d e d  a n d  
e v i s c e r a t e d  u n d e r  a s e p t i c  cond i t i ons .  B o n e s  w e r e  r e m o v e d  a n d  t h e  f l e sh  of e a c h  
g r o u p  was  wel l  m i x e d  u n d e r  a sep t i c  cond i t i ons .  F i s h  i n t e s t i n e s  of t h e  s a m e  g r o u p s  
w e r e  r e m o v e d  a sep t i ca l l y  a n d  wel l  m i x e d .  20 g r a m s  s a m p l e  of f i sh  f l e sh  or  in tes -  
t i n e s  was  t r a n s f e r r e d  to a s te r i le  w a r i n g  b l ende r .  Af te r  t h e  a d d i t i o n  of 180 m l  of t h e  
s ter i le  b u f f e r  so lu t ion ,  t h e  m i x t u r e  w a s  b l e n d e d  for  5 m i n u t e s .  

All  s amp le s ,  i.e., sk in ,  gills, f i sh  f l esh  a n d  f i sh  in t e s t ines ,  w e r e  s h a k e n  v i g o r o u s l y  
a n d  t e s t e d  for:  

I Detection of  the coliform group 

M a e C o n k e y  b r o t h  in  t e s t  t u b e s  was  i n o c u l a t e d  w i t h  1 m l  of s u s p e n s i o n  ( i  : I0) in  
s te r i le  p h o s p h a t e  b u f f e r  s o l u t i o n  f r o m  s w a b b i n g  f i sh  su r f ace s  or  gills, r a w  f ish  f l esh  
a n d  f i sh  in t e s t ines .  T h e  r e s u l t s  w e r e  r e c o r d e d  a f t e r  24-hr  i n c u b a t i o n  a t  37 ~ Ac id  
a n d  gas -pos i t ive  t u b e s  w e r e  s t r e a k e d  o n t o  e o s i n  m e t h y l e n e  b l u e  aga r  (EMB) 
m e d i u m  a n d  i n c u b a t e d  a t  37 ~ for  24 hr .  C o n f i r m a t o r y  t e s t  was  ca r r i ed  ou t  for  
t yp i ca l  n u c l e a t e d  co lon ie s  w i t h  me ta l l i c  s h e e n  a c c o r d i n g  to A.P.H.A. (1965) w i t h  
c o m p l e t e  i d e n t i f i c a t i o n  for  t h r e e  p u r e  s t r a i n s  f r o m  e a c h  pos i t i ve  s a m p l e  of r a w  f i sh  
f l e sh  a n d  for  two  s t r a i n s  in  t h e  o t h e r  t e s t e d  cases .  

H Detection of  the streptococcus group 

T h e  d e t e c t i o n  of t h i s  g r o u p  w as  ca r r i ed  ou t  u s i n g  t h e  g r o w t h  in  a z i d e - d e x t r o s e  
b r o t h  as  a p r e s u m p t i v e  t e s t  (L i t sky  e t  ai., 1953), fo l lowed  b y  a c o n f i r m a t o r y  t e s t  i n  
e t h y l  v io l e t  az ide  b r o t h  (E.V.A.) (A.P.H.A., 1965). P o s i t i v e  E.V.A. t u b e s  w e r e  
s t r e a k e d  o n  t h e  s t a n d a r d  M. e n t e r o c o c c u s  m e d i u m  (A.P.H.A., 1965). P l a t e s  w e r e  
i n c u b a t e d  a t  37 ~ for  48 hr ,  a f t e r  w h i c h  typ ica l  co lon ies  for  t h e  e n t e r o c o c c i  w e r e  
p i c k e d  u p  a n d  i n o c u l a t e d  in  n u t r i e n t  b r o t h  for  24 h r  a t  37 ~ Af t e r  m i c r o s c o p i c  
e x a m i n a t i o n ,  p u r e  s t r a i n s  w e r e  i den t i f i ed  u s i n g  a se t  of s u g a r s  for  f e r m e n t a t i o n  test ,  
a n d  also t e s t e d  for  h e a t  r e s i s t a n c e  (60~ for  30 min) ,  s t a r c h  hydro lys i s ,  2,3,5- 
t r i p h e n y l t e t r a z o l i u m  c h l o r i d e  r e d u c t i o n  ( ~ r c ) ,  t o l e r a n c e  to 1 :2500 K. te l lur i te ,  
b l o o d  haemo lys i s ,  ge l a t i ne  l i que fac t ion ,  c i t ra te  u t i l i za t ion ,  g r o w t h  in  40 % b i le  sa l t  
a n d  in  6.5 % NaC1. 
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Resu l t s  and d i scuss ion  

The results as presented  in tables 1-4 for the bacteriological  survey  of 
skin surface, gills, intestines and  raw fish flesh of Boult i  fish (Ti lapla  
n l lo t l ca  Linn.) could  be evaluated as follows: 

Members  of col iform group  were  isolated f rom roughly  14 samples  out  
of 32 skin swabs. The same result  was obtained f rom test ing the swabs  of 
gills. E. col i  / and  u n t y p e d  10 represented  the dominan t  strains for the 
isolates f rom gills or skin. The dis tr ibut ion of the other  types,  u n t y p e d  and 
irregulars of col i form group  was clear in tables 1 and 2. A l though  the  four 
tested intestinal t ract  samples  showed posit ive results for the possibil i ty of 
col iform group detection,  one sample  was posit ive for E. col l  type  III ,  
while u n t y p e d  10 represented  the dominan t  strain of the isolates. All the 
tes ted compos i te  raw fish flesh samples showed  posit ive results  for coli- 
fo rm group,  two samples out  of four  were positive for E. col i  !. Six un typed  
strains and one K.  a e r o g e n e s  I were  also isolated (table 2). 

Such  previous  data  suggest  that  the detect ion of E. c o 1 1 / i n  slime layer  
and  gills reflect the possibil i ty of  faecal contaminat ion.  Fish m a y  pick  up 
microorgan isms  dur ing  subsequen t  handl ing  on ship or on shore. The fish 
often coming  on board  m a y  lie on  deck  for vary ing  periods, somet imes  in 
the sun before marke t ing  (Shewan, 1962). Gelder ich and Clarke (1966) 
repor ted  that  the  presence  of different  bacterial  indicators  in the intestinal 
sections adjacent  to the anus  was detected with h igh counts.  Since fish do 
no t  have  an indigenous  bacterial  flora (Pot ter  and  Baker,  1961), these 
pol lut ion organisms mus t  have been  in t roduced  into the fish by  contami-  
na ted  food and  water. Dur ing  the present  s tudy,  samples of water  t aken  
f rom Nasser 's  Lake  showed  total bacterial  counts ,  total coliform, faecal 
coliform, and  faecal s t reptococci  were  104/ml, 23, 30 and 39 per  100 ml, 
respectively.  Water t empera tu re  dur ing  this per iod was 17-19 ~ 

Of 32 fish surface swabs tes ted for s t rep tococcus  group,  13 samples  
were positive. When the same n u m b e r  of swabs f rom gills were tested for 
the same indicator,  11 samples  were positive. Finally all the tested samples  
f rom intestines and raw flesh were positive for the s t rep tococcus  g roup  
(table 4). I t  is of interest  that  the  typical  and atypical  strains of s t reptococ-  
cus g roup  (7 strains) were isolated f rom two samples of each of fish surface 
swabs, gill swabs and intestinal tract. There  were  great  differences in the 
b iochemical  reactions and fermenta t ive  types  of s t reptococcal  isolates 
f rom other  posit ive samples (table 3). Table 4 gives informat ion  on the 
correlat ion be tween  the incidence  of col i form group  and s t rep tococcus  
g roup  in the tested samples.  It  was possible to note  that  the significance of 
s t rep tococcus  group as an indicator  of pol lut ion was equal  to tha t  of 
coliform. 

Organisms of the col iform and  s t reptococcal  groups  have been  isolated 
f rom the intestinal  t ract  of var ious species of fresh fish caught  in relatively 
clean and  modera te ly  pol luted waters (Evelyn and McDermot t ,  1961). 
Al though  reports  of faecal s t reptococci  outbreaks  are occasional ly made,  
the signif icance of s t reptococci  in causing foodborn  disease is still in 
doubt ,  and  evidence  to prove  its pa thogenic i ty  is ques t ionable  (Deibel and  
Silliker, 1963). 

The incidence  of faecal con tamina t ion  is especially impor tan t  in f iver 
and lake fisheries. Thus  cases of salmonellosis,  resul t ing f rom the inges- 
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Table I. Distribution of coliform types on fish surface, gills, intestine and fish flesh. 

No of samples Surface Gills Intestine Fish flesh 

Coliform types + - + - + - + - 

E. coli I 6 26 7 25 O 4 2 2 
E. cob III  0 32 2 30 1 3 0 4 
Cl t  f r e u n d i i I  0 32 1 31 1 3 0 4 
cir. f reundl i  II 0 32 0 32 0 4 0 4 
K. aerogenes  I 1 31 0 32 0 4 1 3 
K. aerogenes II  0 32 1 31 1 3 0 4 

U n t y p e d  1 2 30 0 32 0 4 1 3 
U n t y p e d  2 1 31 1 31 0 4 0 4 
U n t y p e d  3 0 32 1 31 0 4 0 4 
U n t y p e d  7 2 30 1 31 0 4 1 3 
U n t y p e d  8 0 32 0 32 1 3 0 4 
U n t y p e d  10 5 27 4 28 3 1 2 2 

I r regula r  II 2 30 1 31 0 4 0 4 
I r regu la r  V O 32 1 31 O 4 0 4 
I r regula r  VI 1 31 0 32 0 4 0 4 
I r regu la r  VII  1 31 0 32 0 4 0 4 

Table  2. Class i f ica t ion of col i form s t ra ins  i so la ted  f rom fish surface,  gills, in tes t ine ,  
a n d  f ish  f lesh.  

Col i form No of s t ra ins  i so la ted  f r o m  pos i t ive  s a m p l e s  Total  no  of 
t y p e s  s t ra ins  

Su r face  Gills I n t e s t i ne  F i sh  f lesh  

E. cob I 1) 9 10 0 4 23 
E. coli III  0 2 1 0 3 
cir. f reund i i  I 0 1 1 0 2 
cir. s II  0 0 0 0 0 
K. aerogenes I 2 0 O 1 3 
K.  aerogenes II 0 1 1 0 2 
Untyped 12) 2 0 0 1 3 
U n t y p e d  2 1 1 0 0 2 
U n t y p e d  3 0 1 0 0 1 
U n t y p e d  7 2 2 9 2 6 
U n t y p e d  8 0 0 1 0 1 
U n t y p e d  10 7 7 4 3 21 
I r regu la r  II  3) 2 1 O 0 3 
I r regu la r  V O 1 0 O 1 
I r regula r  VI 1 0 0 0 1 
I r regu la r  VII I  1 0 0 0 1 

Total  no  27 27 8 11 73 

1) R e p o r t  of t he  coil a e rogenes  (1956) 
2) R a m a d a n  a n d  M o u s s a  (1960) 
3) Wilson et  al. (1935) 
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Table 4. Detect ion of s treptococcus and coliform groups in fish surface, gills, 
intestine, and fish flesh. 

Source and Strepto- Coliform Coliform Coliform Strepto- Strepto- 
No of tes ted coccus coccus coccus 
samples  (+) (+) (+) (+) (+) ( - )  

Strepto-  Strepto-  Coliform Coliform 
COCCUS COCCUS 
(+) ( - )  ( - )  ( - )  

F ish  surfaces (32) 13 14 12 2 1 17 
Gills (32) 11 14 11 3 0 18 
Intest ine (4) 4 4 4 0 0 0 
Fish  flesh (4) 4 4 4 0 0 0 

t i o n  of  f i sh ,  h a v e  b e e n  r e c o r d e d  f r o m  t h e  N i l e  va l l ey ,  S o u t h  A m e r i c a ,  a n d  
t h e  g r e a t  l a k e s  in  c e n t r a l  A f r i c a  ( S h e w a n ,  1962). 

B a c t e r i o l o g i c a l  s t a n d a r d s  h a v e  o f t e n  b e e n  a s s o c i a t e d  w i t h  t h e  s a f e t y  to  
t h e  c o n s u m e r .  A c c o r d i n g  to  G r i f f i t h s  a n d  S t a n s b y  (1934), f i sh  q u a l i t y  w a s  
s t a l e  a n d  i n e d i b l e  a t  t h e  l e v e l  of  106/g as  t o t a l  v i a b l e  a e r o b e s .  S h e w a n  
(1961) r e c o r d e d  t h a t  107/g a t  37 ~ h a v e  u s u a l l y  b e e n  a s s o c i a t e d  w i t h  f o o d -  
p o i s o n i n g  o u t b r e a k s .  A c c o r d i n g  to  E1 -Zanfa ly  a n d  I b r a h i m  (1980), B o u l t i  
f i sh  s h o w e d  s o m e w h a t  h i g h  f i g u r e s  a n d  r e a c h e d  109/g of  r a w  f i sh  f lesh .  
T h e r e  a r e  m a n y  p r o b l e m s  a s s o c i a t e d  w i t h  t h e  v i a b l e  c o u n t  c o n c e p t  a l o n e  
as  a s t a n d a r d .  I t  is  n o t  a l w a y s  sa fe  to  a s s u m e  t h a t  a p r o d u c t  w i t h  l o w  c o u n t  
is  o t h e r w i s e  sa fe  (S i l l ike r ,  1963). R e t u r n i n g  to  t h e  p r o p o s e d  s t a n d a r d s  
(Longr~e ,  1967), c o l i f o r m s  a n d  e n t e r o c o c c i  a r e  u s u a l l y  p r e s e n t  in  v a r y i n g  
n u m b e r s  in  t h e  n a t u r a l  f l o r a  b u t  n e v e r  m o r e  t h a n  102/g a n d  10S/g, r e s p e c -  
t i ve ly ,  in  n e w l y  c a u g h t  f i sh  ( S h e w a n ,  1970). I t  s h o u l d  b e  a d d e d  t h a t  t h e  
s t a n d a r d  fo r  p r o d u c t s  t h a t  a r e  n o t  l i k e l y  to  u n d e r g o  a fu l l  c o o k i n g  t r e a t -  
m e n t  a t  h o m e  s h o u l d  b e  m o r e  r i g o r o u s  t h a n  for  t h e  r a w  p r o d u c t s  c o o k e d  
a t  h o m e .  T h e  r i s k  of  t h e  u t i l i z a t i o n  of  c o n t a m i n a t e d  f i sh  m u s t  b e  low,  
b e c a u s e  B o u l t i  f i sh  is  n o t  e a t e n  r aw.  

Zusammenfassung 

Es wird ~iber das Auftreten yon coliformen Bakterien und Bakterien der Sfrep- 
tokokkengTuppe auf der Haut (32 Proben), den Kiemen (32 Proben), irn Ver- 
dauungstrakt (4 Proben) sowie irn frischen Fischfleisch (4 Proben) von Tilapia 
nilotica Linn., einem Frischwasserfisch aus dem Nassersee in Aswan berichtet. 

Streptokokken wurden in 13 Proben der Fischoberfl~che, 12 Proben der 
Kiemenabstriche sowie in allen Darmproben und den Proben aus rohem Fisch- 
fleisch gefunden. Coliforme Organismen befanden sich in fast 43 % der Haut- und 
Kiemenproben sowie in allen Proben des Darrntraktes und des rohen Fisch- 
fleisches. 

Schl[~sselw~rter: coliforme Bakterien, Streptococcus, Kiemen, Indikatoren 

S u m m a r y  

A study was made  for the  occurrence of coliform and streptococcal  groups on 
the skin  surface (32 samples), gills (32 samples), intest inal  t ract  (4 samples) and raw 
fish flesh (4 samples) and raw fish flesh (4 samples) of Boult i  fish (Tilapia nilotica 
Linn.), a fresh water  fish caught  from Nasser 's  Lake  in Aswan. 



252 Zeitschrift  fiir Ern~2rungswissenschaft, Band 21, Hef t  3 (1982) 

S t r e p t o c o c c u s  g r o u p  was  d e t e c t e d  in  13 s a m p l e s  t a k e n  f r o m  f i sh  sur face ,  12 
s a m p l e s  ou t  of 32 s w a b s  f r o m  gills. All  i n t e s t i n e  s a m p l e s  a n d  r a w  f ish  f l esh  w e r e  
pos i t i ve  for  t he  s t r e p t o c o c c u s  g roup .  

Co l i fo rm o r g a n i s m s  w e r e  d e t e c t e d  a t  n e a r l y  43 % of s k i n  or  gil l  s a m p l e s ,  100 % of 
i n t e s t i n e  a n d  r aw  f ish  f l esh  s amp le s .  

K e y  words: col i form,  s t r e p t o c o c c u s ,  gills, i n d i c a t o r s  
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