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POST-HARVEST HANDLING, PROCESSING AND QUALITY 
CONTROL OF MOLLUSCAN PRODUCTS 

By K. Gopakumar 
Central Institute of Fisheries Technology, Cochin - 682 029, INDIA 

ABSTRACT 

The scientific exploitation of the molluscan sea food and its proper processing and quality 
assurance is very important in the national economy of India. Molluscan meat forms one of 
the best and cheapest sources of protein. In order to assure high quality of the products, 
emphasis should be put on post-harvest handling, processing and quality control of 
molluscan products, as these items are often involved in various types of food poisoning. 
India exported about 1100 tons of molluscan products valued at Rs. 30,200,000 in 1993. 
Japan is the major importer of frozen, dehydrated, dried, and canned molluscs. This paper 
addresses quality problems in processed molluscan products. The current situation is re- 
viewed in the form of annexes, dealing with heavy metal levels in some of the canned 
mollusc products, microorganisms, pesticide residues, Paralytic Shellfish Poisoning (PSP), 
and Indian & international quality standards. A recommended Code of Practice concern- 
ing handling of the catch, icing, post-harvesting procedures, and storage, including depu- 
ration and hygiene measures, is described in detail for the molluscan products. 

INTRODUCTION 

Molluscan shellfishes like clams, mussels, 
oysters and scallops are important animals 
in the ecology of coastal waters particularly 
with respect to the productivity of coastal 
waters and their role in aquaculture. They 
also represent an important food source in 
many parts of the world, particularly in Far 
East, South America, and Europe. The sci- 
entific exploitation of this food source and 
its proper processing and quality assurance 
is very important in the national economy 
of these countries. Besides affecting sub- 
stantial improvement in the economy of the 
fisherman i t  can also meet the acute pro- 
tein deficiency of a country like India as the- 
se molluscan forms are one of the best sour- 
ces of protein, fat and minerals (Annex 1). 

At present, throughout the world much em- 
phasis is being given to post-harvest hand- 
ling, processing and quality control of 
molluscan products as  these items are often 
involved in various types of food poisoning 

when compared with crustacean and fin- 
fishes. India is a t  the moment not very ac- 
tive on the export of molluscan products but 
such items are picking up in recent years. 
Handling and quality control aspects of 
these products assume great importance due 
to the public health problems involved in the 
consumption of these products. 

In India a number of seafood processing 
units are presently processing various types 
of molluscan products for export. India ex- 
ported about 1100 tons of molluscan pro- 
ducts valued a t  Rs. 30,200,000 in 1993. Ja- 
pan is the major' importer of Indian mol- 
luscan products and to a lesser extent the 
USA and some European countries. The pro- 
ducts exported are: frozen boiled clam meat, 
frozen mussel meat, dehydrated clam meat, 
dried mussel, canned mussel meat, oyster 
shell powder and clam meat pickle. Ofthese, 
frozen boiled clam meat constitute a major 
product (Annex 2). A recent addition to this 
is frozen whelk meat. 
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QUALITY PROBLEMS IN- 
PROCESSED MOLLUSCAN 

PRODUCTS 

Contamination with heavy metals 
Large volumes of water are filtered during 
the feeding process of molluscan filter feed- 
ing, and bottom feeders eat all the dirt and 
detritus. Hence their digestive system is 
likely to contain a large quantity of mud. 
sand, microorganisms, heavy metals, pesti- 
cides etc. Apart from this, these animals 
have no system in their body by which they 
can metabolise/destroy the absorbed heavy 
metals. Annex 3 gives the maximum limits 
of metallic impurities in the meat of proc- 
essed clams, mussels and oysters. Laksh- 
manan & Nambisan (1986) have carried out 
extensive investigations on the contamina- 
tion of molluscan shellfish with heavy met- 
als (Annex 4). The table indicates that lev- 
els of mercury, copper, zinc, iron, cadmium 
and lead were below the limit in most of the 
samples. However, iron content was higher 
in samples of clam, and iron, zinc and cad- 
mium jn some samples of oyster. The heavy 
metal content in commercially frozen 
molluscan products has been studied by 
Lakshmanan (1988) (Annex 5).  The impor- 
tant observation is that none of the prod- 
ucts had toxic heavy metals above the per- 
missible limits and so are safe and accept- 
able to the consumer. The highest concen- 
trations of mercury observed in the various 
species were 35 ppb in Meretrix casta, 38 ppb 
in Villorita sp., and 65 ppb. in Perna viridis. 
Annex 6 gives the heavy metal level in some 
of the canned molluscan shellfish. Mercury, 
lead and cadmium were below the permit- 
ted limit in 90 % of the canned products. 
About 10 % of the canned oyster had cad- 
mium content above the permitted limit of 
2 ppm. All the canned mussel products were 
safe with respect to their heavy metal con- 
tent. However, copper and zinc content were 
higher in all the oyster products. 

Contamination with microorganisms 
Filter feeding molluscs may accumulate a 

large number of bacteria from their envlron- 
mental water. The major group of bacteria 
found usually are coliforms, E. coli, faecal 
Streptococci and occasionally pathogens like 
Salmonella,  Shzgella, Vihrio parnhae- 
molytrcus and Vibrzo cholerae. Generally the 
profile of the bio-accumulated bacteria will 
be a true reflection of the bacterial profile of 
their environmental waters. Since many 
species of clams are harvested from the 
brackish water, which is usually more pol- 
luted than sea water, they are found to har- 
bour more bacteria of public health signifi- 
cance. This is evident from the studies car- 
ried out by Surendran et al ( 1986) as given 
in Annex 7. Varma et al. (19% have stud- 
ied the bacterial quality of frozen boiled clam 
meat for export. In general, the commercial 
frozen boiled clam meat belonging to 
Villorita cyprmoides from Cochin 1s more 
contaminated with faecal indicators and 
pathogenic organisms than the meat of 
Katelysia opima from Quilon. 5.4 % of the 
samples belong to Villorita also contained 
Salmonella (Annex 8 & 9). Iyer & Varma 
(1987) have also isolated Salmonella from 
mussel. Faecal indicator bacteria has also 
been isolated from mussel by Gore et al. 
( 1992). 

Pesticide residues 
Indescriminate use of large quantities of 
pesticides result in pollution of water bod- 
ies associated with farm lands. Both clams 
and mussels are found to accumulate sub- 
stantial  amount of pesticide residues. 
Radhakrishnan et al. (1986) have reported 
the presence of chlorinated pesticides in 
mussel collected from Calicut. They have 
reported that the level of these pesticides in 
mussel was more than twice of that in fish, 
but in all cases below the maximum limits 
given in standards. 

Paralytic Shellfish Poisoning 
Paralytic Shellfish Poisoning (PSP) is caused 
by a neurotoxin produced by certain marine 
dinoflagellates. Various mussels, clams, scal- 
lops, etc. become toxic if they feed on such 
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dinoflagellates. Incidences of PSP has long 
been known along the Pacific and Atlantic 
Coasts of North America and Canada where 
many fatal  cases have been recorded 
(Prakash et al. 1971). Outbreaks have also 
been reported from Western Europe (Luthy 
1979!, and Japan (Hashimoto 1979). From 
India, Karunasagar et al .  (1984) have re- 
ported incidence of PSP after consumption 
of clam from Kumble near Mangalore. 

Quality standards 
a) Indian 
Only two Indian standards are available for 
molluscan shellfish products (Annex 10). 
However, the National Inspection Agency 
has prescribed some standards for frozen 
clam meat and whelk meat (Annex 11, 12, 
13). The limits are E. coli 10/g, coagulase 
positive Staphylococci 100/g, and total bac- 
terial count 200,000lg for raw consumption 
and 500,00O/g if' the product is fbr further 
cooking. Since only two Indian standards are 
available there is ample scope for formula- 
tion of more standards covering different 
molluscan products. 

b) International 
The international quality standards for oys- 
ter are given in Annex 14, and the interna- 
tional quality standards for molluscan shell- 
fish in general are appended in Annex 15. 
In general, total bacterial counts range from 
100,000 - 500,00O/g, E. coli MPN index 2301 
100 g and Salmonella absent. USA has also 
prescribed a limit for paralytic shellfish poi- 
son: 80 mg1100g. 

CODE OF PRACTICE 

Code of practices have been prescribed by 
Codex Alimentarius Commission of FA0 
!codex CACIRCP 18-1978 Recommended 
international code of hygienic practices for 
molluscan shellfish) and National Health 
and Medical Research Council of Australia. 

CODE OF PRACTICES 
RECOMMENDED 

1. Use of near-shore water for washing 
purpose 
Near-shore water shall not be used for wash- 
ing the catch or the fish-contact surfaces. 
The harbour water is often polluted with 
land sewage and harmhl enteric organisms. 

2. Sorting of catch on sea beach 
In cert,ain areas of the country the landed 
fish get sorted on the beach where even pres- 
ence of faecal matter has been noted. This 
is a very important source for contamina- 
tion of the catch with pathogenic microor- 
ganisms, and should consequently be 
avoided. 

3. Washing of utensils and fish-contact 
surfaces 
When used constantly, the utensils get a 
coating of fish slime which can harbour 
harmful bacteria. The utensils and fish-con- 
tact surfaces shall be washed a t  frequent 
intervals using suitable detergents like 
Teepol, Spectrol etc. followed by disinfection 
using sodium hypochlorite solution having 
a residual chlorine strength of 100 ppm giv- 
ing a minimum contact time of 15 minutes. 
Bamboo baskets, cane baskets and such 
other containers that are difficult to be 
cleaned shall not be used to storeltransport 
fish. 

4. Chlorination of water supply 
It  may be made a practice to nse only chlo- 
rinated water (10 ppm) in the fish process- 
ing factories. Many of the enteric organisms 
are water-borne and as considerable amount 
ofwater is used in the seafood industry, chlo- 
rination of water is to be given top priority. 
In a set up like ours, where the material is 
handled in primary process centres situated 
in villages that are not provided with mu- 
nicipal water, chlorination of the water sup- 
ply is one of the major recommendations. 
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5. Handling of ice 
Considerable quantity of ice is being used 
in the seafood industry and any bacterial 
defect in the ice will be reflected in the mi- 
crobial quality of the processed product. Ice 
is to be prepared from chlorinated (10 ppm) 
water and to be stored and handled in such 
a way that  bacterial contamination can be 
avoided. In some of the primary process cen- 
tres, ice blocks are stored on the floor of the 
processing hall itself. This practice has to 
be discontinued in the interest of the qual- 
ity of fishery products being processed and 
exported from this country. 

6. Worker's hygiene 
Before starting work, all fish handlers shall 
wash their hands from elbow down using 
soap followed by disinfection using water 
chlorinated to a level of 100 ppm. The proc- 
ess may be repeated a t  any time they leave 
the processing hall and return for work 
again or a t  any other time their hands be- 
come otherwise contaminated. 

7. Worker's health 
Workers can be healthy carriers of many 
dangerous bacteria like Salmonella or I? 
cholerae. These workers will contaminate 
the material they handle, thereby creating 
public health problems. Many typical exam- 
ples of such contamination from workers 
have been reported in the literature. In our 
country, so far, there is no system of medi- 
cal examination of fish-handlers to trace out 
the carriers and to treat them in the proper 
way. This is  another area which requires 
immediate attention. 

8. Rodent control measures 
Rodents may carry many diseases such as 
plague, typhus fever, infectious jaundice, 
Salmonella food poisoningetc. Most of these 
are transmitted from the infected rodents 
to man by lice, mites or by contamination 
with rodent urine and excreta. There are 
many reports in India indicating isolation 
of Salmonella and Vibrio from rodents and 
wall lizards. All possible precautions have 

to be taken to prevent the entry of rodents 
to the processing hall. 
Multiplication of rats and mice depends 
upon available food and shelter. Therefore, 
the only permanent and lasting means of 
control is the elimination of food source and 
shelter. The processing hall should be made 
rodent proof. As a guide for rodent proofing 
it may be noted that: 

(i) Rodents can gain entry through a 1.3 
em hole. 
(ii) They can climb vertical wires. 
(iii) They can climb outside vertical pipes 
not more than 10 cm in diameter 
(iv) They can jump 66 to 92 cm both hori- 
zontally and vertically from a flat surface. 
(v) They can drop 15 m without being 
killed. 

9. Fly control measures 
Flies will transmit a number of bacteria to 
the food from the surroundings. Proper fly- 
proof nets have to be used in the processing 
units to prevent the entry of flies. 

10. Separation of process 
On no occasion a finished product should 
come in contact with the raw material. I t  is 
dangerous to handle cooked and uncooked 
fishery products in the same processing hall. 
Separate teams of workers should handle 
such products in separate rooms using sepa- 
rate utensils. 

11. Waste disposal 
The disposal of wastes from food processing 
plants often presents special problems on 
account of their relatively high content of 
organic matter and their high biochemical 
oxygen demand. There should be an efficient 
system for disposal of waste material from 
the factory premises. Accumulation of waste 
will attract flies and rodents also, apart from 
making the premises dirty. 

12. Toilet facilities 
Plant hygiene also includes proper construc- 
tion and supervision oftoilet facilities. Such 
facilities should be adequate in number and 
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should be cleaned and disinfected at fre- 
quent intervals. The toilets should be at least 
30 m away from the processing hall. The 
roof-wall joint of the lavatories should be fit- 
ted with self closing doors. The recom- 
mended number of toilet facilities may be 
as follows: 

No. of personsishift No. of facilities required 
1 t o  9 1 
10 to 24 2 
25 to 49 3 
50 to 100 5 
Over 100 lladditional 30 persons 

The toilet seats and the floor of the toilet 
rooms should daily be scrubbed with a de- 
tergent followed by disinfection using chlo- 
rine solution 200 ppm strength. 

13. Depuration 
Depuration is a process by which most of 
the pathogenic organisms/metals accumu- 
lated in the molluscan body can be removed 
as seen in Annex 16 & 17. For proper depu- 
ration the following process are recom- 
mended. 

(a) Shell stock intended for depuration shall 
not remain out of water for more than 48 
hrs. and preferably for as short a period as 
possible. 
(b) Sea water used for depuration should be 
clean and of a salinity necessary for normal 
physiological functioning of the shellfish. 
There should not be any toxic substances in 
the water. 
(c) The water used for depuration should be 
disinfected with UV light, ozone or other 
suitable techniques. 
(d) In turbid condition the water should be 
pre-filtered or subjected to settlement. 

(e) The flow of water used in depuration 
tanks should be such that a complete change 
of water occurs every 30 minutes. 
(0 The shell stock should be laid out at  a 
density which will permit them to open and 
undergo depuration (max. 35 kg/m2). 
(g) The oxygen content of water should be 
maintained (50 % saturation). 
(h) The water temperature during depura- 
tion should be maintained a t  15-25 "C. Tanks 
should be protected from direct sunlight. 
(i) The equipment in contact with water 
should be constructed of non-porous, non- 
toxic materials. 
6)  To avoid recontamination of shell stocks 
undergoing depuration, unpurified shell 
stock should not be placed in the same tank 
as shell stock which is already undergoing 
depuration. 
(k) Shell stock undergoing depuration should 
remain immersed for a minimum period of 
36 hrs. 
(1) After depuration the shell stock should 
be washed in potable waterlclean sea wa- 
ter. Shell stock which are dead, dying, per- 
manently gaping or unwholesome should be 
removed. 
(m) Depuration tanks should be drained, 
cleaned and disinfected. 
(n) Proper registers should be maintained 
regarding depuration. 

Products  f rom Molluscan Shellfishes 
developed at CIFT 
Central Institute of Fisheries Technology 
has done a lot of work on development of 
various products from molluscan shellfishes. 
A list of products for which technology is 
readily available in CIFT for transfer is 
given in Annex 18. 



Dopical Marine Mollusc Programme (TMMP) 

REFERENCES 

Balachandran, K. K. & P. K. Surendran. 1984. Studies on depuration of live clams (Villorita 
sp.). - Fishery Technology 21: 65-69. 

Gore, P. S., 0. Raveendran, T. S. G. Iyer, P. R. G. Varma & N. V. Sankaranarayanan. 1992. 
Bacterial contamination of mussels a t  Mahe Estuary Malabar Coast. - Fishery 
Technology 29( 1): 57-6 1. 

Hashimoto, Y. 1979. Marine Toxins and other Bioaction Marine Metabolites. - Japan Sci- 
entific Societies Press, Tokyo. 40 pp. 

Iyer, T. S. G. & P. R. G. Varma. 1987. Isolation of Salmonella braenderup (6,7: e,h: e, n, 215) 

from mussel meat. - Fishery Technology 24(2): 138. 
Karunasagar, I., H. S. V. Gowda, M. Subbaran, M. N. Venugopal & I. Karunasagar. 1984. 

Outbreak of paralytic shellfish poisoning in Mangalore, West coast of India. - Cur- 
rent Science 53(5): 247-249. 

Lakshmanan, P. T. 1988. Heavy metals in commercially processed molluscan products in 
relation to quality. - CMFRI Bulletin 42: 417-422. 

Lakshmanan, P. T. & P. N. K. Nambisan. 1983. Seasonal variations in trace metal content 
in bivalve molluscs, Villorita cyprinoides var cochinensis (Hanley), Meretrix casta 
& Perna viridis (Linnaeus). - Indian Journal of Marine Science 12: 100-103. 

Lakshmanan, P. T. & P. N. K. Nambisan. 1986. Bio-accumulation and depuration of some 
trace metals by the mussel Perna viridis (Linnaeus) - Ibid 1: 132-138. 

Luthy, J. 1979. Page 15 in D. L. Taylor & H. H. Seliger (eds.). Toxic Dinoflagellate Blooms. 
- Elsevier North, Holland. 

Prakash, A., J. C. Medcof & A. D. Tenant. 1971. Paralytic shellfish poisoning in eastern 
Canada. - Bulletin of the Fisheries Research Board of Canada 177: 1-87. 

Radhakrishnan, A. G., P. D. Antony, M. K. Mukundan & Jose Stephen. 1986. On the use of 
mussel as a pollution indicator. - Proceedings of the National Seminar on Mussel 
Watch 1: 23-25. 

Richards N. & Rajadurai. 1990. Health regulations for seafood imported into Australia. - 
INFOFISH International 90(4): 59-60. 

Schoemaker, R. 1990. Canadian requirements for imported marine products. - INFOFISH 
International 90(5): 56. 

Surendran, P. K., K. K. Balachandran & K. M. Iyer. 1986. Mussels (Perna viridis) as 
indicators of faecal pollution of their aquatic environments. - Proceedings of the 
National Seminar on Mussel Watch 1: 28-32. 

Varma, P. R. G., T. S. G. Iyer & C. Mathen. 1988. Quality of commercial frozen boiled clam 
meat. - Fishery Technology 25(1): 36-39. 



Phuket Marine Biological Center Special Publication no. 16 (1996): 17-32 23 

ANNEX 1. Proximate composition of molluscan shellfish (Chinnamma George, pers. comm.). 

I Clam Mussel Oyster 

Villorita Perna Crassostrea 
cyprinoides viridis madrasensis 

m o i s t u r e ,  gllOO g wet meat 82.05 78.27 80.05 

/ 2. Protein, gilOO g wet meat 9.30 12.80 12.26 

13. Non-protein nitrogen mgllOO g wet meat 310.00 420.00 

14. Free alpha amino nitrogen mgllOO g wet meat 118.70 184.00 86.82 

15. Glycogen, gllOO g wet meat 4.60 8.53 2.66 

16. Phosphorus, mgllOO g wet meat 28.00 42.30 

7. Lipids, g1100 g wet meat 

8 .  Ash 

9. Yield of meat, g1100 g wet material 8.90 - 13 25 - 33 4 - 5  

ANNEX 2. Export of molluscan shellfish. Quantity per year (Q): in Tons; Value (V): in Rs. 
(Thousand J. MPEDA, Cochin. 

Item 

Fr. Boiled clams 

Fr. Mussel meat 

Dehydrated clam meat 

Dried mussels 

Canned mussel meat 

Oyster shell powder 

Clam meat pickle 

776 

23541 

11 

708 

124 

5668 

200 

274 

NEG 

15 
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ANNEX 3. Limits of metallic impurities (ppm m a x j  in the meat of processed clams, mus- 
sels and oysters 

Clams & Mussels Oysters 

Arsenic 

Lead 

Copper 

Zinc 

Tin 

Iron 

Mercury 

Cadmium 

AVNEX 4. Heavy metals contents (ppm, wet weight basis) of molluscan shellfish. 
* Lakshmanan & Nambisan (1983). ** Unpublished data (Courtesy P. T. Lakshmanan, 
CIFT - Cochin). 

Metals 
(ppm) 

Clam* 
Villorita cyprinoides 

Range Mean 

Mussel* 
Meretrix casta 

Range Mean 

Oyster** 
Crassostrea Perna viridis 

Range Mean 

madrasensis 

Range Mean 
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ANNEX 5. Heavy metals in three commercially frozen molluscan products - viz., two spe- 
cies of clams and a mussel (Mean and range of values in ppm wet weight) 
* Mercury is expressed in ppb. Since the variations were not wide, only mean values are 
given for Cd. Pb and Mn (Lakshmanan 1988). 

Species Rr Grade 

(Count lb)  

CLAMS 

1. Mcrctrrx spp. 

200 - 300 

300 - 500 

500 - 700 

700 - 1000 

1000 - 1500 

2. Villoritn spp. 

200 - 300 

3. hf ussel 

P e r m  riridis 

Smaller size 

Larger size 

"Hg 

Metals 
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ANNEX 6. Heavy metals in canned oyster, Crassostrea madrasensis and mussel, Perna 
uiridis. Mean and range of values in ppm (Original weight basis). * Mercury content is 
expressed in ppb. Since the variations were not wide, only mean values are given for Pb, 
Cd, Mn & Sn. According to Lakshmanan 1988. 

Name of species 
and type of pack 

Oyster (C. rnadrasensis) 

Tin cans 

1. Canned in oil 

2. Canned in tomato sauce 

3. Canned in brine 

4. Smoked oyster in oil 

Mussel (P. viridis) 

Canned in oil (tin can) 

Metals 

4.4: 

4.56 

0.51 

Nil 

1.99 

Nil 

ANNEX 7. Distribution of faecal indicator bacteria in the muscle of clams, mussels and 
oysters. A = Clam muscle, B = Mussel muscle, C = Oyster muscle, 0 = Occurrence. No, of 
samples analysed * 12 (different seasons) ** 10 (different seasons) *** 6 (different sea- 
son;) Data: ~ u r e n d r a n  et al. 1986. 

Bacterial Count 

Total plate count per/g (x lo3) 

1 Total colifo~Wg (as MPN) 

I E. coli!g (as MPN) 

- 
- 
Min. - 

24 

500 

142 

1:5 

800 - 
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ANNEX 8. Faecal indicator and pathogenic organisms in commercial frozen boiled clam 
meat (as percentage of total samples tested). According to Varma et al. 1988. 

Organisms 

C o l i f o m s  

Present 

1-100 per g 

Above 100 per g 

6. coli 

Present 

1-20 per g 

Above ZU per g 

Faecal Streptococcus spp.  

Present 

1-1000 per g 

hbove 1000 per g 

Coagulase positive Staphylococcus spp.  

Present 

1-100 per g 

4bove 100 per g 

Salmonella 

Vibrio cholerae 01 

Vibrio cholerae non 01 (NAG) 

Katelysia sp. (%) 

45.50 

31.00 

14.50 

Nil 

Nil 

4.40 

- - - 

Villorita sp. (%) 

100 

Nil 

100 

100 

Nil 

100 

100 

Nil 

100 

100 

Nil 

100 

5.4 

Nil 

27 

ANNEX 9. Total bacterial count in commercial frozen boiled clam meat (as percentage of 
total samples tested). According to Varma et al. 1988. 

1 Less than 200.000 1 54.30 1 0.00 1 

TBC per g 

Less than 100,000 

) ~ e s s  than 500,000 1 76.50 1 0.00 1 

1 Above 1.000.000 1 12.80 1 91.90 1 

Katelysia sp. 

42.40 

ANNEX 10. Indian Standards for molluscan products 

Villorita sp. 

0.00 

1. Specification for mussels canned in oil: IS 10760 - 1983 
2. Specification for frozen boiled clam meat: Under preparation 
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ANNEX 11. The following shall be the acceptance criteria for different organoleptic factors 
i n  respect of frozen clam meat: 

Factors Tolerance 

(i) De-hydration 

(ii) Discolouration 

(iii) Deterioration 

(iv) Shell pieces 

(v) Presence of sand 

(vi) Foreign matter 

[vii) Broken pieces 

(viii) Non uniformity of size 

(ix) Texture 

(x) WeighVGrade 

20 % by count 

10 % by count 

Nil 

5 5% by count 

Pieces containing sand detected by 
chewing shall not exceed 20 %. 
(Gritty on chewing) 

The meat shall be free from 
objectionable foreign matters like 
insects, hair, etc. Vegetable foreign 
matters like fibres, leaves, leaf bits, 
algae etc. shall not exceed 5 numbers 
in a sample 

Shall not exceed 10 % by count 

Meat of the next lower or higher size 
grade shall not exceed 10 % by weight 

Soft and firm 

Sample shall conform to the 
weighvgrade declared by the exporter 

The  following shall  be the  acceptance criteria for microbiological factors in respect of frozen 
clam meat: 

Factors Tolerance 

a) For raw frozen variety 

(i) Total plate count a t  37 "C 

(ii) E. coli 

(iii) Coagulase positive Staphylococcus spp. 

(iv) Salmonella and S. arizona 

b) For cooked variety 

(i) Total plate count a t  37 "C 

(ii) E. coli 

(iii) Coagulase positive Staphylococcus spp. : 

(iv) Salmonella and S. arizona 

10x105 per gram max. 

20 per gram m a .  

100 per gram max. 

Negative 

2x105 per gram m a .  

Nil 

100 per gram max. 

Negative 
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ANNEX 12.  Specifications for clarn/mussel mea t  

(a) 
General: Appearance and colour of the product shall be characteristic of freshkooked cladcooked 
mussel as the case may be. The product shall reasonably be free from dehydration discolouration. 
The products shall have characteristic odour of freshkooked cladmussel. The product shall not 
show any sign of deterioration. The product shall be free from odour, foreign odourtsand (grit detected 
by chewing) and objectionable foreign matter. The texture of meat shall be soft and consistent. 

I Bacteriological Fresh/chilled/frozen Cookedlboiled 

1. Total plate count a t  37 "C per g max. 1,000,000 200,000 

2. E col~ count per g max. 20 Nil 

3 .  Cohform by MPN per g Less than 10 Less than 10 

4. Coagulase positive Staphylococcus 
count per g max. 100 100 

5 Saln~onella & S. arizona Negative Negative 

Note: Clam/ mussel treated with hot water for opening the shell and the meat picked shall not be 
treated as the cookedhoiled variety. 

ANNEX 13. Specifications for whelWwhelk products 

(a)  
General: Appearance, colour and odour shall be that of freshkooked whelk as the case may be. The 
products shall reasonably be free from dehydration and discolouration and shall not have any sign of 
deterioration, off odour or any foreign odour. The products shall be free from extraneous matter and 
sand and shall not be gritty. Texture shall be soft and consistent of whelk meat shall be reasonably 
free from shell or shell pieces. 

(b) 

I Bacteriological Fresh/chilled/frozen Cookedhoiled 

1. Total plate count a t  37 "C per g max. i,000,000 200,000 

1 2. E. coli count per g max. 20 Nil 

13. Coliform by hlPN per g Less than 10 Less than 10 

4. Coagulase positive Staphylococcus 
count per g max. 

5 .  Salmonella & S. arizona Negative Negative 

Note: The whelk treated with hot water for removing the meat shall be treated as raw. 
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ANNEX 14. Quality standards for oysters. Ref.: 1) Richards & Rajadurai (1990). 2) Qual- 
ity standards for oysters Codex Alimentarius Commission CAC/RCP 9-1976. 3) Microor- 
ganism in Foods I1 International Commission on Microbiological Safety of Foods 

Total viable count 
max./g 

E. coli (MPN) max. 

Arsenic ppm 
Cadmium ppm 
Copper PPm 
Lead ppm 
Mercury ppm 
Zinc ppm 

Paralytic shellfish 
poison 

Japan 

5.Ox1O4 

2f g 

Australia 
(1) 

Raw oyster 100,000 
for uncooked 
consumption 2.5lg 

Fresh 
& 

Frozen 
AS2788 

For all 
Molluscs 
ncluding 
oyster 

US'A. ICMSF 
(2) 

80 
1oog 
for 

ovster 

Fresh 
& 

?rozen 

Canada 
Fresh or frozen oysters are not permitted entry from any country except those which have sanitary 
control programmes approved by the Canadian Ministry for Fisheries and Oceans (Schoemaker 1990). 
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ANNEX 15. Quality s tandards for molluscs. Ref.: Quality Standards for Molluscs Codex 
Alimentarius Commission CACRCP 9-1976 

Country 

Denmark 

France 

Italy 

Collection centre 

In the market 

UK. 

U.S.A. 

TBC 

at 20 "C 5 days 
max. 100,000lg 

500,OOOlg a t  35 "C 
MPN 2301100 g 

E. coli I Salmonella 

Not present in any I Not present in any 

Less than llrnl I 
(For raw eating) 
Less than 2lml I Absent 

(after cooking) 

I 
MPN 1601100 ml 
in 90 % samples 
MPN 5001100 ml 
in 10 % samples 
MPN 6001100 g 

I 

0-2lml Sale permitted 
L6lml - Sale prohibited 

poison 80 pgI100 g in 
the edible portion of 

ANNEX 16. Effect of depuration on bacterial quality and  acid insoluble a sh  content. Ac- 
cording to  Balachandran & Surendran (1984). 

I Coagulase positive Staphylococcus spp./g I Nil I Nil I Nil 1 

Steamed and 
shucked meat - 

31.103 

50 

Total viable plate count/g 

Total coliforms/g 
- - - -- - - -- - - - 

E. colilg 0.3 x lo3 
Faecal Streptococcus spp./g 8.5 x lo3 

Before 
depuration 

1.2 x lo6 
6.3 x lo3 

3.5 x lo2 
5 x lo2 

- - -- 

Salmonella 

Acid insoluble ash, % 

After 
depuration 

5.5 x lo5 

3.5 x lo2 

Nil 

Nil 

-- - 

Nil 

0.38 

Nil 

0.01 

Nil 

Nil 
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ANNEX 17. Quality of clam meat after overnight depuration (18 hrs) in different systems. 
Meat after depuration in different media. A: Raw meat before depuration; B: in water from 
natural habitat; C: in water from natural habitat chlorinated a t  5 ppm level; D: in portable 
water; E: in portable water chlorinated at  5 ppm level; F: in sodium chloride solution (1.03 
%); G: in sodium chloride solution (1.03 %) at  5 ppm level. According to Balachandran & 
Surendran (1984). 

I Total plate counffg (x lo5) 1 58 

1 Acid insoluble ash, % 1 0.34 

- 

Total coliformslg (x lo3) 

E. colilg (x lo2) 

Faecal Streptococcus spp.1g (x lo3) 
Coagulase positive Staphylococcus spp. 

Salmonella 

- - -- 

Glycogen, % 6.8 

38 

2.2 

51.4 

Nil 

Nil 

Nil - 
4.82 - 
Nil - 
Nil 

7.06 4.74 5.03 3.89 3.48 

Nil Nil Nil Nil Nil 

9.1 9.01 1.01 8.84 6.22 

Nil Nil Nil Nil Nil 

Nil Nil Nil Nil Nil 

ANNEX 18. Products from molluscan shellfish developed at  CIFT. 

Mussel 
Dried mussel meat 
Smoked mussel meat 
Mussel meat chutney powder 
Mussel marinade 
Fried mussel 
Pickled mussel 
Mussel and tender mango pickles 
Lime from mussel shell 

Clam 
Clam pickle 
Canned clam meat in brine 
Canned clam meat in oil 
Canned clam in tomato sauce 
Oyster 
Canned oyster meat in brine 
Canned oyster meat in oil 
Canned oyster meat in tomato sauce 




