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ABSTRACT 

The Clam (Galatea paradoxa Born 1778) is a dermesal dweller of riverine water and filter feed 

by passing water through gut concentrating particulate matter including bacteria in the gut and 

mantle. Microbial profile of contaminating bacteria and their sensitivity to gamma irradiation (0 

– 20 kGy) were ascertained in vivo and in vitro under laboratory conditions. Conventional cul-

tural and morphological characteristics were used to detect the resident Total Aerobic Bacteria 

(TAB), Total Heterotrophic and Total Coliform bacteria (TC) populations in the clam and the 

species encountered were confirmed using biochemical methods and the API 20E identification 

kit. Twenty (20) bacteria species in the samples belonged to 18 genera (Acinetobacter, Aeromo-

nas, Chromobacterium, Citrobacter, Enterobacter, Escherichia, Flavobacterium, Klebsiella, Mi-

crococcus, Morganella, Proteus, Pseudomonas, Salmonella, Serratia, Staphylococcus, Strepto-

coccus, Vibrio and Yersinia) predominated by  Acinetobacter (22%), Staphylococcus aureus 

(12%) and Klebsiella ornitholytica (11%) in the clam mantle and Pseudomonas aeruginosa 

(32%), Klebsiella ornitholytica (24%) and Flavobacterium meningosepticum (12%) in the water. 

A dose of 20 kGy eliminated all microorganisms in the “in vitro” studies; at 15 kGy only two 

bacteria species Micrococcus radiodurans and Vibrio cholera survived. The most radio resistant 

species was M. radiodurans (D10=6.19 kGy), followed by Vibrio cholera (D10=5.2 kGy). A dose of 

10 kGy eliminated Staphylococcus aureus (D10=1.7 kGy). Practical implications from these find-

ings are discussed in the light of food safety of preserved clams.  

INTRODUCTION 

The Volta clam (Galatea paradoxa. Born 1778) 

is a highly priced shellfish providing economic 

base for inhabitants of the Volta river estuary. 

The clam industry is the third most important 

occupation of the indigenous people after fish-

ing and farming (Whyte, 1981; Yankson, 

2004). The clam locally called ‘Afani’ or 

‘Adodi’ forms the most important source of 

protein for both the riverine population and the 

people in the hinterland (Lawson, 1972; Whyte, 

1981). It is gathered from the bed of the Volta 

river at a depth of 2-6 meters by aqualung di-

vers. In the shallow waters (1.5 m deep) the 

clams are caught by women known as skin di-

vers wading in the water and locating the clam 

by feeling with their feet. Most of the matured 

ones are put in baskets, polyethylene or jute 
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sacks and then taken to the market for sale. The 

rest are either kept in buckets, immersed in 

water inside barrels for later use or in the 

smoked, fried or stringed state as khebab on 

wooden bamboo sticks. 

Clams are filter feeders which inhabit mud, 

medium sand and coarse bottom substratum in 

estuaries (King 1998; Etuk et al, 2000; Ekanem 

and Achinewhu, 2000; Ofori-Danson and 

Amoah, 2005, 2006). Studies have shown that 

in Africa, clams are distributed in estuaries 

from Guinea to Congo (Fischer et al., 1981). In 

West Africa, G. paradoxa (=Egeria radiata) 

are accessible in the lower reaches of many 

large rivers including the Cross River in Nige-

ria (Ekanem,1990; Ekanem and Adegoke,1995; 

Ekanem and Achinewhu, 2006), the Sanaga and 

Volta river estuaries in Cameroon and Ghana 

respectively (Pople,1966). 

In West Africa, clam mortality during posthar-

vest storage is a major cause of economic loss. 

For example, in Nigeria, the death of clams 

during storage is a serious source of profit loss; 

so it is in Ghana (Ekanem, 1990; Moses, 1990; 

Ekanem and Achinewhu, 2006). In small com-

mercial and domestic operations, postharvest 

storage involves holding live clams in bins 

filled with potable water. In large operations, 

where clam-production volumes may be large, 

the clams are simply spread on the floor (out of 

water) under ambient conditions until sold. 

Owing to the fact that clams are filter feeders, 

they tend to reflect the quality of the water en-

vironment in which they are found. They filter 

significant quantities of water and retain par-

ticulate matter including microorganisms such 

as bacteria and viruses which may be patho-

genic to humans. (Villalobos de Bastardo and 

Aristizabal, 2001; Rehnstam-Holm and Hern-

roth, 2003). This health risk is accentuated by 

the storage of G. paradoxa under the tropical 

environmental conditions which tend to favour 

multiplication of resident potential pathogenic 

microorganisms in the clam with prolonged 

storage. 

Bacteria in the muddy bottom water and soil 

where the clams are resident include members 

of the genera Citrobacter, Edwardsiella, Aero-

bacter, Aeromonas, Enterobacter, Erwinia, 

Escherichia, Hafnia, Klebsiella, Morganella, 

Proteus, Kluyvera, Pseudomonas, Serratia, 

Yersinia, Shigella and Vibrio (Nester et al. 

2004), some of which have been isolated from 

water, prawns (Macrobrachium sp) and clam 

(G. paradoxa) from the Volta estuary shoreline 

(Amoah et al. 1990; 2004). 

Food irradiation has shown to be effective in 

eliminating food-borne diseases (IAEA, 2004). 

Gamma irradiation is the preferred means and 

there is a long-standing use of the technology to 

preserve fruits, sea foods, vegetables, pulses, 

cereals, fishery products with encouraging re-

sults (IAEA, 2004). Research for rapid detec-

tion of specific groups of organisms has taken a 

new dimension and gamma irradiation can be 

applied as a tool for improving quality of food 

as part of the concept of Hazard Analysis Criti-

cal Point Control (HACCP). This paper reports 

the use of gamma irradiation as a tool for re-

ducing microbial load of fresh clam (Galatea 

paradoxa) harvested from the Lower Volta 

estuary. The in vitro radiosensitivity of the six 

isolated contaminants of  the clam namely 

Aeromonas sobria, Staphylococcus aureus, 

Streptococcus faecalis, Pseudomas aeruginosa, 

Micrococcus radiodurans and Vibrio cholerae 

were also tested to confirm the in vivo findings. 

 

MATERIALS AND METHODS 

Sample collection 

The clams (G. paradoxa) were harvested by 

both aqualung divers (scuba divers) and skin 

divers. They were collected at a depth of 2-6 

meters deep (depending on the type of divers), 

and then placed in woven polypropylene or jute 

sacks and emptied into canoes when sacks were 

full. 

 

Preparation of deshelled clams for irradia-

tion  

Fresh large-sized (30 – 93 mm) clams were 

eviscerated and the mantle and gut removed 

aseptically and placed in 1 litre Kilner Jars. Ten 
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fresh clams were put in each jar. There were 10 

jars which were earmarked  in duplicate for 

gamma irradiation at 0, 5, 10, 15 and 20 kGy 

from a Cobalt-60 source batch irradiator 

(Budapest, Hungary) at the Ghana Atomic En-

ergy Commission. The absorbed dose was de-

termined by clear Perspex HX Dosimeters us-

ing a Spectrophotometer (Zeiss, Germany) at 

314-315 nm. (IAEA, 1977). The dose rate was 

1.2775kGy/h. 

 

Bacteriological analyses before and after 

irradiation 

Ten fresh deshelled clams were weighed and 

macerated. This was mixed with equal amount 

by volume of sterile 0.1% peptone water. The 

mixture was allowed to stand for 30 mins to 

settle after which the supernatant was serially 

diluted up to 1:104
 and used for enumeration of 

Total Heterotrophic and Total Coliform counts 

at 35°C using Nutrient and MacConkey Broth. 

Total Aerobic bacteria counts were also taken 

at 28°C using Plate Count Agar (APHA, 1992). 

Discrete colonies were picked up from PCA 

and inoculated onto Eosin Methlylene Blue 

Agar (EMB) and Uriselect Agar plates incu-

bated at 35°C for 48h in order to record mor-

phological characteristics of the resident spe-

cies. Subculturing on EMB and Uriselect media 

were carried out until pure culture of the colo-

nies were obtained. The resulting pure cultures 

were taken through biochemical tests and iden-

tification as prescribed by the bioMérieux API 

20 E Kit (bioMérieux, 1992). The pattern of 

reactions was compared with the numerical 

profiles in a computerized database (20E 

Analytical Profile Index; bioMérieux) and the 

scoring was used to identify the organisms. 

 

Dose response curves for six selected resi-

dent bacterial species. 

The radiosensitivity of six selected resident 

bacteria species namely Aeromonas sobri, Mi-

crococcus radiodurans, Pseudomonas aerugi-

nosa, Staphylococcus aureus, Streptococcus 

faecalis and Vibrio cholerae were determined 

after irradiation with 0, 5, 10, 15 and 20 kGy of 

gamma irradiation. The selected pure cultures 

of the species with population about 6.2x106 

CFU/ml were suspended in 0.1% peptone in 

boiling tubes and then sent immediately for 

irradiation. One millilitre aliquots of the irradi-

ated solutions were transferred into 20ml Nutri-

ent Agar in Petri plates and then incubated at 

35°C for 48h. There were triplicate plates for 

each radiation dose applied. The surviving 

population of bacteria was estimated after 

counting the colonies and calculated as log 10 

CFU/g and Total Coliform as MPN/g of sam-

ple. 

The decimal reduction doses, D10 for the bacte-

ria were calculated using the method prescribed 

by IAEA (1970). 

 

RESULTS 

The list of bacteria species resident in the unir-

radiated clam and enclosing water is presented 

in Table 1. Acinetobacter sp. was the most fre-

quently enumerated species (22%) in the clam 

mantle followed by Staphylococcus aureus 

(12%), Klebsiella ornithinolytica (11%), Aero-

monas sobria (10%) and Pseudomonas aerugi-

nosa (8%) followed in that order. Streptococcus 

faecalis, Morganella morganii, Enterobacter 

agglomerans and Escherichia coli occurred in 

about the same proportion (5-6%) while the 

least population of 0.5 – 1% was constituted by 

Enterobacter cloacae, Vibrio cholerae, Chro-

mobacterium violaceum and Yersinia interme-

dia.  The most predominant bacteria in the wa-

ter sample was Pseudomonas aeruginosa 

(31%), followed by Klebsiella ornithinolytica 

(24%) and Flavobacterium meningosepticum 

(12%).  Micrococcus radiodurans, Salmonella 

sp., Vibrio cholerae, S. aureus, S. faecalis, A. 

sobria, Acinetobacter sp and E. agglomerans 

could not be isolated from the water (Table 1). 

A dose of 20 kGy eliminated the total hetero-

trophic, total coliform and total aerobic bacteria 

from clam samples (Fig. 1). On the other hand 

10 kGy reduced the total heterotrophic and total 

coliform by about 3.0 – 4.0 log cycles (Fig1.). 

The specific residual bacteria which remained 

in the samples treated with 5 – 20 kGy are pre-

sented in Fig 2. Staphylococcus aureus, Aero-
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 Bacteria species Riverine water Clam 

Acinetobacter sp 

 Aeromonas sobria 

Chromobacterium violaceum 

Citrobacter freundii 

Enterobacter aerogenes 

Enterobacter agglomerans 

Enterobacter cloacae 

Escherichia coli 

Flavobacterium meningosepticum 

Klebsiella ornithinolytica 

Micrococcus radiodurans 

Morganella morgani 

Proteus mirabilis 

Pseudomonas aeruginosa 

Salmonella sp 

Serratia marcescens 

Staphylococcus aureus 

Streptococcus faecalis 

Vibrio cholerae 

Yersinia intermedia 

0.0 

0.0 

1.0 

6.0 

9.0 

0.0 

3.0 

4.0 

12.0 

24.0 

0.0 

2.0 

1.5 

31.0 

0.0 

6.0 

0.0 

0.0 

0.0 

0.5 

22 

10 

0.5 

1.0 

2.0 

5.0 

1.0 

6.0 

3.5 

11.0 

2.0 

5.0 

0.5 

8.0 

1.5 

2.0 

12.0 

5.5 

1.0 

0.5 

Table 1:   List of identified bacterial species and their percentage occurrence during sampling 

   of the water and clam from the lower Volta river estuary (Percentage occurrence)  

Bacterial species Decimal reduction dose D10 (kGy) 

Staphylococcus aureus 

Streptococcus faecalis 

Aeromonas sobria 

Micrococcus radiodurans 

Pseudomonas aeruginosa 

Vibrio cholerae 

1.70 

4.22 

3.17 

6.19 

2.30 

5.20 

Table 2: Comparative D10 values (kGy) of the indicated bacteria species suspended  

 in 0.1% peptone water and treated with gamma irradiation doses of 0-20kGy 

monas sobria and Pseudomonas aeruginosa 

were eliminated by doses up to 15 kGy while 

20 kGy killed all resident bacteria (Fig. 2). Vi-

brio cholerae, S. aureus, P. aeruginosa, M. 

radiodurans, A. sobria and S. faecalis dis-

played a typical shoulder curve characteristic of 

bacteria resistance to gamma irradiation. These 

findings were confirmed by the in vitro studies 

presented as survival curve of the pure culture 

of the six bacterial species (Fig. 3). 

The decimal reduction dose D10 values are 

shown in Table 2. The most radioresistant was 

Micrococcus radiodurans (D10 = 6.19 kGy) and 

the most radiosensitive was Staphylococcus 

aureus (D10 = 1.70 kGy). 
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Fig. 1(a):    Effect of indicated doses of gamma irradiation on the Total Heterotrophic and 

Total Coliform populations resident in the fresh clams harvested from the Volta 

river estuary 

Fig. 1(b): Effect of indicated doses of gamma irradiation on the Total Aerobic Bacteria popu-

lation resident in the fresh clams harvested from the lower Volta river estuary. 
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Fig. 3: Gamma irradiation dose response curves of the indicated six bacterial species in 

 0.1% peptone solution at 28±3°C 

Fig. 2: Scatter graph showing absence or presence of indicated bacteria on non- 

 irradiation (0kGy) and irradiated (5-20kGy) clams 
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DISCUSSION 

Monitoring of hard-shell bivalve clam like G. 

paradoxa for microbiological quality should be 

considered a very important process of analyti-

cal investigation in food safety and security. It 

has been a long-standing practice in West Af-

rica to hold bivalve clams in bins filled with 

potable water or simply spread on the floor or 

held in jute sacks or barrels under ambient con-

dition (Ekanem and Achinewhu, 2006). This 

handling process predisposes the clam to possi-

ble increase in microbiological load with the 

attendant risk of infection and contamination by 

microbial toxins. Recent studies by Amoah 

(2007), had shown that Total Coliform, and 

Faecal Coliform count of bacteria in stored 

Volta clam can increase by more than 3 log 

cycles in 72h. Survey of microbiological qual-

ity of shellfish elsewhere, including clams has 

shown that they harbour pathogenic organisms 

(Adebayo-Tayo et al. 2006; Ukpong and Utuk, 

1992). These pathogenic organisms have been 

implicated in outbreaks of food-borne diseases 

in many parts of the world and include typhoid 

fever, hepatitis A and gastrointestinal diseases 

– indicative of the pollution of the surrounding 

water in which shellfish inhabit (Craun, 1986; 

Ekanem and Adegoke, 1995). Both the water 

and the clams were contaminated with potential 

pathogenic bacteria of human health impor-

tance (Table 1). 

This paper provides information on the effect 

of gamma irradiation on the bacteria load of 

fresh clam and the Volta river in Ghana. A dose 

of 20 kGy eliminated all resident microorgan-

isms in the treated samples (Figs 1 and 2). This 

constituted about 7 – 9 log cycles reduction in 

population. A dose of 5 kGy partially reduced 

microbial load but left residual species (A. so-

bria, S. faecalis, M. radiodurans, P. aerugi-

nosa, S. aureus and V. cholerae). At 10 kGy 

only M. radiodurans and V. cholerae survived 

(Fig 2).  

Sasayama (1973) irradiated Japanese jelly fish 

product (kamaboko) with 3-5 kGy of gamma 

radiation. Specimen irradiated with 1 kGy har-

boured almost the same microflora as unirradi-

ated control contaminated with Pseudomonas, 

Flavobacterium, Corynebacterium, Lactobacil-

lus, Bacillus, Micrococcus and Staphylococcus. 

Strains of bacteria isolated from kamaboko 

irradiated with 3 kGy belonged to the genera 

Corynebacterium, Bacillus and Achromobacter. 

At 5 kGy of gamma irradiation, only Bacillus 

remained. In a subsequent study, Andrew 

(1999) showed that a dose of 3 kGy reduced the 

numbers of Vibrio vulnificus and V. para-

haemolyticus to non-detectable levels. V. vulni-

ficus was effectively reduced from 6.0 log10 

CFU/g in oyster meat to non-detectable levels 

of < 3.0 log10 CFU/g; the more resistant V. 

parahaemolyticus was reduced to non-

detectable levels by 10 kGy. 

 In this study V. cholera behaved differently 

together with M. radiodurans and were reduced 

to non-detectable levels by 20kGy of gamma 

irradiation. This connotes that the irradiation 

response at the same dose with species from the 

same genus may vary depending on the sub-

strate/medium composition. For example, the 

optimum recovery medium for Bacillus subtilis 

and B. megaterium after irradiation and chemi-

cal treatment was nutrient agar containing dex-

trose (1.0%). Sodium thioglycollate (0.2%) was 

added to this medium to aid maximum recovery 

of B. subtilis. Optimum recovery medium em-

ployed for B. stearothermophilus was nutrient 

agar containing 0.1% dextrose (Deasy et al., 

1977). The radioresistance of M. radiodurans 

on the other hand is well documented (IAEA, 

2004) 

Clearly, a food safety hazard exists in the case 

of the Volta Clam harvested from the bottom of 

the river. This renders the clam mantle unsafe 

for human consumption in the raw state unless 

it is properly processed. In recent years, much 

emphasis has been placed on the provision of 

safe foods. The International Standard Organi-

zation, ISO, has published the International 

Standard EN 22000:2005. ISO 22000 is a com-

bination of prerequisite programme such as 

Good Manufacturing Practice, GMP and Haz-

ard Analysis and Critical Control Point, 

HACCP. 
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Good Manufacturing Practice as it applies to 

food processing requires that food manufactur-

ers take proactive steps to ensure that their 

products are wholesome. GMP protects the 

consumer from purchasing a product which is 

of poor quality. Since one cannot make good 

quality product from poor raw materials it is 

expedient to ensure that good quality materials 

are sent out for processing. HACCP is also a 

food safety management system designed to 

prevent the occurrence of food safety hazard by 

assuring that controls are applied at any point in 

food processing operations where such critical 

situations could occur. It is proposed that in the 

event of future commercial processing of clam 

mantle for human consumption in the country, 

gamma irradiation can be applied to vacuum 

sealed packaging pouches before it is dis-

patched for marketing and human consumption. 

Judging from the results presented in this paper, 

the quality of traditionally stored fresh clams 

from the river leave much to be desired and that 

GMP and HACCP concepts should be devel-

oped for the Ghanaian clam in the near future.  

 

CONCLUSION  
Results from this study have shown that the 
clams from the Volta river are laden with rela-
tively high load of bacteria belonging to 18 
genera. This may be attributed to the clams 
being filter feeders. Gamma irradiation has the 
potential of being used to reduce the microbi-
ological load to acceptable levels. It is recom-
mended that at least 10 kGy can be used to re-
duce the load by 4-5 log cycles. It’s important 
that the quality of products sent for radiation 
processing should be acceptable to make the 
decontamination effective.  

The decimal reduction dose value especially for 

M. radiodurans was at variance with the values 

reported in the literature presumable because of 

the high initial load in the medium and the de-

clining dose rate of the gamma source which 

need to be replenished. 
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