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A total of 242 samples of ready-for-sale fish fillets of validated good sensory quality was examined for 
colony counts at 20, 30 and 37°C, Enterobacteriaceae at 37°C, Escherichia coli, Salmonella and Vibrio 
parahaemolyticus in l0 g aliquots, Staphylococcus aureus and yeast and mould propagules. Gram negative 
pathogens were not detected in any sample. The following reference values were found attainable: colony 
counts at 30°C, 106 g-l;  Enterobacteriaceae 10 3 g-l;  E. coli 10 g-l;  S. a u r e u s  10 2 g - l ;  yeast and mould 
propagules 104 g-i. These reference values include, as customary, a tolerance of about 20% of samples 
exceeding the stated levels without, however, reaching the next log~o level. 
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Introduction 

During the filletting of  fish as practised in filletting plants or shops, it is 
impossible to avoid contaminat ion  of  the initially virtually sterile fish flesh (Shewan, 
1961). 

The main sources of  contaminat ion  are (i) skin and gut contents  of  the fish; (ii) 
inadequately cleaned fish cases, filletting boards  and knives; and (iii) the hands  of  
those preparing and handling the fillets. Subsequently, this pr imary contamina t ion  
will proliferate, depending on storage conditions. The aim of  this investigation was 
to assess the degree of  bacterial colonisation of  fresh fillets offered for sale to the 
consumer.  In the Dutch  Food  & Commodi t ies  Act  (Warenwet,  1983) no criteria are 
given for the microbiological condi t ion of  fish and fish products.  Only the general  
requirements for food apply, i.e. fish must  be of  good quality and not  present public 
health risks. The data  collected in our  survey might p rompt  future legislation to be 
more  precise. 
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Materials and Methods 

Materials 

All fish landed in The Netherlands has to pass the auction where the fish is 
inspected by the regional Food Inspection Service. After passing the auction the fish 
is transported by fish monger companies to fish filletting plants or to local retailers 
where filletting takes place. Samples of fresh, ready-for-sale marine fish fillets of 
good sensory quality were procured from retail stores in Utrecht and suburbs. 
Though it was unknown how the fillets had been manufactured and stored before 
selling, inspectors of the staff of the Food Inspection Service at Utrecht validated 
their good condition before the samples were subjected to bacteriological examina- 
tion. During a period of 6 years, a total number of 242 samples was collected which 
included cod (72), plaice (51), coal fish (21), whiting (21), haddock (24), sole (15) and 
38 samples of other kinds of marine fish. 

All samples were transported to the laboratory in an insulated box with melting 
ice and examined bacteriologically on the day of sampling. 

Methods 

From all fillet samples decimal dilution series were prepared by macerating 20 g 
with 180 ml peptone saline in a stomacher (Colworth) for 2 rain and subsequently 
preparing further dilutions using tubes containing 9 ml peptone saline. The numbers 
of colony-forming units (cfu) were determined or presence or absence tests were 
carried out to assess the following groups of bacteria: 

1. Aerobic bacteria grown at 20°C (incubation for 5 days), 30°C (3 days) and 
37°C (1 day), in all instances using poured plates of plate count agar (Oxoid, CM 
325). However, colony counts were not always made from the samples at all 
temperatures. 

In order to evaluate the effect of a poured plate procedure compared to a spread 
plate method and of the addition of sodium chloride to the medium, numbers of cfu 
were determined in 25 samples of fish fillet (both from flat fish and round fish) 
collected under the same conditions as described above. For each sample cfu counts 
were assessed in and on plate count agar (Oxoid CM 325) with and without sodium 
chloride (1%) after incubation at 20°C (5 days), 30°C (3 days) and 37°C (1 day). 

2. Enterobacteriaceae (Mossel et al., 1979): using layered poured plates of Violet 
Red Bile Glucose Agar (Oxoid, CM 485) incubated overnight at 37°C. After colony 
counting, numbers of colonies equal to the square roots of those in plates containing 
between 30 and 300 colonies were selected at random and examined for oxidase 
activity and fermentative dissimilation of glucose. For this purpose the so-called 
Gram-negative diagnostic tubes containing a bottom layer of Violet Red Bile 
Glucose Agar, an intermediate layer of water agar and a top layer of SIM-agar 
(Mossel et al., 1977) were used. 

3. Escherichia coli: using layered poured plates of Violet Red Bile Agar (Difco 
0012-01) incubated overnight at 37°C. The same representative proportion of 
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colonies as indicated under 2 was examined for oxidase reaction, gas formation in 
Brilliant Green Bile (2%) Broth (Oxoid CM 31) and indole formation in Tryptone 
Water (Oxoid CM 87), both at 44°C ( M o s s d ~ t  al., 1979), 

4. Samples of 10 g of fish fillet were examined for Salmonella (Edel and 
Kampelmacher,.  1973). After preenrichment in Buffered Peptone Water (Oxoid CM 
509) for 18-24 h at 37°C enrichment was carried out in Tetrathionate Broth (Oxoid 
CM 29) incubated for 18-24 h at 43°C. Subcultures were made on Brilliant Green 
Agar (Oxoid CM 329) incubated for 18-24 h at 37°C. Suspect colonies were tested 
for agglutination with polyvalent Salmonella serum (National Institute of Public 
Health, Bilthoven, The Netherlands), and when required with group sera. 

5. Vibrio parahaemolyticus was initially (1977-1978) searched for in 10 g of fish 
fillet by enrichment in 5% NaCl-Meat Broth for 18-24 h at 37°C (Kampelmacher  et 
al., 1970, 1972). After this technique had been found insufficiently productive (van 
den Broek et al., 1979a) 110 samples were resuscitated in Tryptone Soya Broth 
(Oxoid CM 129) with 2% NaC1 for 2 h at room temperature and then cultured 
overnight in Horie 's  Arabinose Ethylviolet Broth (Horie et al., 1964) at 37°C. 
Subcultures were in all instances made on TCBS-Agar (Oxoid CM 333) incubated 
overnight at 37°C (Kampelmacher  et al., 1970, 1972). Suspect green colonies were 
examined as described by van den Broek et al. (1979a). 

6. Staphylococcus aureus: using spread drop plates of Baird-Parker Medium 
(Oxoid CM 275) incubated for 30-48 h at 37°C. Examination of typical colonies 
was carried out according to the following criteria: growth at 43°C in BHI-Broth 
(Oxoid CM 225), fermentative attack on glucose, catalase and coagulase tests 
(Bouwer et al., 1982). 

7. Yeasts and moulds: using spread drop plates of Oxytetracycline-Glucose-Yeast 
Extract Agar (Oxoid CM 545) incubated at 20°C for 5 days (Mossel et al., 1975). No 
differentiation was made between mould and yeast colonies. 

Results and discussion 

Aerobic colony counts at 20, 30 and 37°C 

General - The results obtained are summarized in the form of frequency distribu- 
tions in Table I. 

TABLE I 

Distribution of aerobic colony counts at 20, 30 and 37°C in 1 g fish fillet. 

cfug -1 20°C (n = 242) (%) 30°C (n = 96) (7o) 37°C (n =196) (%) 

105 3 3 58 
105-106 20 41 35 
106-107 59 48 6 
107-108 17 8 1 

10 s 1 0 0 
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Significant differences in the levels of colonisation could not be found for year(s) 
of sampling or type of fish. 

All colony counts obtained represent only a part of the total colonisation of the 
fish fillets. This results from the following phenomena (i) plate count agar is a 
relatively poor medium; (ii) the medium does not contain sodium chloride, and 
consequently inhibits typical marine bacteria (Leifson, 1968); and (iii) pouring of 
plates can be detrimental to heat-sensitive psychrotrophic bacteria by causing lethal 
or sublethal damage (Stapert et al., 1962). This applies to psychrotrophic P s e u d o -  

m o n a s  and A c i n e t o b a c t e r  species which belong to the predominant fish spoilage 
organisms in the North-West European region (Skovgaard, 1979). In iced round fish 
these bacteria lead to the formation of trimethylamine (TMA), which is currently 
used as an indicator of spoilage. In addition, fastidious types of organisms like 
P h o t o b a c t e r i u m  and L u c i b a c t e r i u m  spp. can be responsible for spoilage under certain, 
i.e. anaerobic conditions (van Spreekens, 1974; Skovgaard, 1979). These bacteria 
cannot grow in plate count agar without sodium chloride and will, moreover, be 
damaged by exposure to heat as happens in a poured plate procedure (van 
Spreekens, 1974). 

The results of assessing the effects of the use of poured plates instead of spread 
plates and of the addition of sodium chloride on the numbers of cfu are summarized 
in Table II. 

Though there was a trend in drop counts and addition of NaCI to slightly 
increased colony counts at 20°C the differences were of no practical significance. 

C o u n t s  at  2 0 ° C  - The explanation for observing the highest counts at 20°C must 
be found in the nature of the spoilage flora of the fish examined. It originates partly 
from the North Sea where water temperatures fluctuate between 4 ° and 20°C. 
Therefore, the bacterial flora consists mainly of organisms adapted to low tempera- 
tures. During cold storage of fish in a chill room or in melting ice these bacteria will 
grow, and together with those acquired by contact with contaminated surfaces on 
board ships or ashore they form the natural spoilage flora in fish (van Spreekens, 
1977). During filletting more spoilage bacteria will contaminate the fish flesh from 
debris and slime on filletting boards and knives and from the filletters' hands. 

C o u n t s  at  3 0 ° C  - The number of cfu g - t  at 30°C found in our survey did not 
e x c e e d  107 in 92% of the samples (n = 96); in 44% it was < 106. 

TABLE II 

Geometric means  of cfu g-1  determined at 20, 30 and 37°C by poured and spread plate techniques, 
respectively with and without 1% sodium chloride. 25 samples of fresh fish fillet. 

Temp. PCA a P C A +  1% NaCI 

(°C) Poured plate Spread plate Poured plate Spread plate 

20 6.8 6.9 6.9 7.0 
30 6.5 6.6 6.7 6.7 
37 5.3 5.3 5.7 5.7 

'~ Plate count agar. 
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The reference value used by the Food Inspection Service in Utrecht according to 
suggestions by Mossel and Tamminga (1980) is 10 6 c f u  g-1 allowing 20% variation 
between 106 and 107. This value seems ~ealistic in view of our results of the colony 
counts at 30°C. For deep frozen fillets the Institute for Fishery Products at 
IJmuiden, The Netherlands, even applies 5 × 105 g-1 (PCA, 15°C) as a standard, 
because in their experience this value can be achieved by hygienic preparation of 
fillets (van Spreekens, 1981, personal communication). 

To attain the best possible bacteriological condition of fish fillets it is essential to 
start with freshly caught fish, consistently cooled in ice of good bacteriological 
quality (Georgala, 1957, Shewan, 1961). Before filletting, the fish must be washed 
thoroughly in clean drinking water to keep contamination of the fish flesh during 
filletting as low as possible (Georgala, 1957). Filletting itself must be done on cutting 
boards made of synthetic material under running water. The cutting boards and 
other utensils must be cleaned and disinfected daily and the fillets must be cooled 
immediately after cutting. These measures in combination represent good manufac- 
turing practice (GMP) on which reference values can be based. 

C o u n t s  a t  3 7 ° C  - The numbers of cfu g-1 at 37°C are obviously lower than those 
at 20 or 30°C: 58% of 196 samples were below 105 g-1 and 93% did not exceed 106. 
Our data substantiate those of Shewan (1961) obtained in fish caught in more 
northern waters. Mesophilic bacteria on or in fish mostly originate from warm- 
blooded animals or man, being transferred by direct contact and coastal waters 
contaminated with unpurified sewage (Ayres, 1975). During cold storage these 
bacteria will not proliferate. 

E n t e r o b a c t e r i a c e a e  

Assessments of the levels of Enterobacteriaceae in foods allow an estimation of 
their general bacteriological condition ( ' indicator'  function) and to a certain extent 
the risk of presence of pathogenic enteric organisms ('index' function) (Mossel, 
1982). 

TABLE Ill 

Number  of cfu of Enterobacteriaceae g -  1 fish fillet. Percentage 
of samples classified within the levels indicated. 

cfu g -1  Total (n  = 217) (%) 

<102 23 
102-103 43 
103-104 24 
104-103 9 

105 1 

Because in cold-stored foods psychrotrophic Enterobacteriaceae can predominate 
(for which the natural reservoir is not the faecal flora of man or animals but rather 
the environment of the processing plants) our Enterobacteriaceae counts were made 
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at 37°C and are presented in summarized form in Table III. All counts listed should 
be considered as being 'confirmed'  in the sense mentioned above. 

The level of contamination of the open sea with Enterobacteriaceae is generally 
negligible compared with that near the coast. This can be partially explained from 
the effect of dilution that occurs by mixing coastal water with clean water at greater 
distances off the coast. In addition, it is known that seawater exerts a bacteriostatic 
and sometimes even a bactericidal effect on Enterobacteriaceae (de Balsac et al., 
1952, Dawe and Penrose, 1978, Kampelmacher  et al., 1973). Fish fillets will hence 
become contaminated with Enterobacteriaceae mainly during or after filletting, e.g. 
by contaminated fish skin. However, the main source must be the direct contact of 
fillets with contaminated surfaces, tools or hands. Adopting a reference value of 103 
g -  1 Enterobacteriaceae with the usual tolerance (Mossel and Tamminga, 1980), over 
70% out of 217 samples comply with this value. There was no indication of seasonal 
variations. 

E. coli 

In 14 out of 217 fish fillet samples (6.5%) E, coli was detected in numbers 
exceeding 10 g-~. In 9 of these 14 E. coli positive samples a relatively high count of 
Enterobacteriaceae was also found. The highest number of E. coli cfu g-1 detected 
in this investigation was 2.0 x 105. An Enterobacteriaceae cfu count of 3.2 x 105 was 
found in the same sample. 

All counts mentioned here should be considered as being 'confirmed'  in the sense 
mentioned above. 

Consequently a limit of 10 g-1 E. coli would be easily attainable by 'good 
manufacturing practices' in the case of fish fillets. 

Salmonella 

Salmonella infection transmitted by fish occurs only sporadically (Anonymous, 
1977, Turnbull and Gilbert, 1982, Gilbert, 1983). In agreement with these epidemio- 
logical data, Salmonella could not be detected in any of the 217 10 g samples of fish 
fillet which were examined in this survey. 

V. parahaemolyticus 

In previous investigations (van den Broek et al., 1979a, b; Kampelmacher  et al., 
1970, 1972) I4. parahaemolyticus was detected in fish and shellfish landed from the 
North  Sea - though infrequently and in low numbers only. The possibility of 
infection by V. parahaemolyticus transmitted by sea food in North West Europe 
however, was proven by an outbreak which occurred in England in 1974. Consump- 
tion of crab caught in British waters was aetiologically involved (Hooper  et al., 
1974). 

In this investigation V. parahaemolyticus could not be detected in any of the 217 
10 g samples of fish fillet examined. Our results and the low numbers and low 



59 

frequency of occurrence of V. parahaemolyticus in seafood from the North Sea 
previously encountered substantiate that the risk of gastroenteritis due to V. 
parahaemolyticus is very remote in the countries of North West Europe. 

S. aureus 

S. aureus is not a natural inhabitant of seawater or fish. Therefore, the presence of 
high numbers of these bacteria on fish fillets is a result of contamination originating 
from human skin or respiratory tract, followed by proliferation due to storage at 
ambient temperatures. 

The results obtained in the present survey are presented in Table IV. All cfu 
counts listed here should be considered as being 'confirmed'  as described above. Out 
of 217 fish fillet samples 22% contained 102 or more cfu g-1 S. aureus. The reference 
value for S. aureus in raw fish according to Mossel and Tamminga (1980) is 102 g - 1  
while The Food Inspection Service in Utrecht applies 5 × 102 as a limit for food in 
general. The latter reference value was exceeded in 15% of the samples. Such 
relatively high colony counts of S. aureus were also occasionally observed in a recent 
survey made by Abeyta (1983). They are the consequence of employees'  unsanitary 
practices during filletting enhanced by temperature abuse, i.e. storage of fillets at 
ambient temperatures. 

TABLE IV 

Number  of cfu of S. aureus  g -  1 fish fillet. Percentage 
of samples classified within the levels indicated. 

cfu g-~ Total (n  = 217) (%) 

< 102 78 
1 0 2 - 5 x 1 0 2  7 

5 )< 102 -103 6 
103-104 7 

> 104 2 

The highest count of S. aureus observed was 5 × 104 g-1 in one sample, without 
counts of Enterobacteriaceae a n d / o r  aerobic colony counts at 37°C being signifi- 
cantly higher than in other samples. Hence incidental unacceptable contamination 
rather than temperature abuse must have caused this surprisingly high count. 

Based on our results, a S. aureus count in fish fillet of less than 5 × 102 g-~ seems 
attainable in practice. 

Yeasts and moulds 

Yeasts and moulds belong to the normal microbial flora in cold-storage rooms 
and on moist surfaces. Therefore contamination with this type of microorganism and 
subsequent growth are nearly inevitable during storage of unpacked foods in cold 
stores. High counts of yeasts and moulds on fish fillets could however be an 
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i n d i c a t i o n  o f  t o o  l o n g  a p e r i o d  of  s t o r a g e  a n d / o r  s t o r a g e  a t  t oo  h i g h  t e m p e r a t u r e s .  

T h e  r e su l t s  o f  o u r  i n v e s t i g a t i o n  a re  p r e s e n t e d  in T a b l e  V. N o  d i f f e r e n t i a t i o n  ha s  

b e e n  m a d e  b e t w e e n  yeas t s  a n d  m o u l d s .  F r o m  these  r e su l t s  it c a n  b e  c o n c l u d e d  t h a t  

t he  n u m b e r s  of  y e a s t s  a n d  m o u l d s  in  f ish fi l let  c a n  v a r y  g rea t ly .  T h e  r e su l t s  s h o w e d  a 

m u c h  n a r r o w e r  r a n g e  for  w i n t e r  s a m p l e s  t h a n  for  t h o s e  c o l l e c t e d  d u r i n g  t he  s u m m e r .  

TABLE V 

Number cfu of yeasts and moulds g-  l fish fillet. 
Percentage of samples classified within the levels 
indicated. 

cfu g-1 Total (n =123) (%) 

<102 10 
102 -103 11 
103-10 a " 59 

> 104 20 

E f f o r t s  s h o u l d  b e  m a d e  b y  the  t r a d e  to a p p l y  p r a c t i c e s  l e a d i n g  to  m o u l d  

p r o p a g u l e  c o u n t s  b e l o w  10 3 a n d  yeas t  c fu  c o u n t s  less t h a n  10 4 g - 1 .  
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