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OYSTER, CRASSOSTREA TULIPA (LAMARCK) OCCURRING INTWO
COASTAL WATER BODIES INGHANA
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(K.Y.: Department of Zoology, University of Cape Coast, Ghana; W.A.P.: Food Research Institute,
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Summary

The meat condition and biochemical composition of the mangrove oyster, Crassostrea tulipa ( Lamarck)
were investigated in two water bodies on the coast of Ghana from May 1988 to April 1989. Both the
lagoon and estuarine oysters maintained moderate to high condition for at least eight of the 12 months
study period, but the lagoon oysters had a higher annual mean condition index. Protein, fat, carbohy-
drate and ash content of the Ghanaian oyster were comparable with those of other commercial bevalves
clsewhere. The results also indicate that the local oyster could serve as a year round rich source of
calcium, iron and phosphorus. It is concluded that the nutritional value of the species is high in both
populations and that the lagoon could be a favoured site for large-scale cultivation.

Introduction ;

Wild populations of the mangrove oyster;
Crassostrea tulipa Lamarck, abound on the coast
of West Africa extending from Senegal to Angola
(Nicklés, 1950). The species is deemed to have a
considerable economic potential, yet its cultivation
in the sub-region is still at the experimental level
(Afinowi, 1975; Kamara, McNeil & Quaye, 1979;
Ajana, 1980; Yankson, 1991). Successful rearing of
the species in laboratory cultures has been demon-
strated recently (Yankson, 1990; Yankson & Moyse,
1991), but a lot more relevant information is re-
quired for its large-scale exploitation.

Ajana (1980) reports briefly on the condition and
food value of the species (referred to as C. gasar)
in Lagos area (Nigeria). However, no records exist
on the seasonal variations in the biochemical com-
position of this oyster. This paper addresses this
information gap in an attempt to improve knowl-
edge on the nutritional status of the species. This
could facilitate its popularization in the West Afri-

can sub-region where it is currently known only to
small coastal communities as a source of protein.
Such a knowledge could also form the basis for a
rational harvesting schedule that would ensure op-
timal utilization of the resource, and also for site
selection in any future large-scale controlled pro-
duction.

Experimental

Samples of oysters were collected monthly from
two contrasting water bodies on the coast of Ghana
for biochemical analyses between May 1988 and
April 1989. The habitats were Benya Lagoon (5°05'
N, 1°20' W) and Pra estuary (5°30' N, 2° W). Indi-
vidual oysters in the size range 40-95 mm shell height
were used for the analyses. This is the size range
normally harvested for consumption by the locals.

Condition index

The condition indices of 20 oysters from each
water body were determined monthly for the equa-
tion given by Walne & Mann (1975):
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Dry meat weight
Condition index = ——— x 1000
Inner shell volume

The meat was oven-dried to a constant weight at
100 °C to give the dry weight while the inner shell
volume was taken as the numerical difference be-
tween the weights of the intact oyster and the two
empty valves (Lawrence & Scott, 1982).

Biochemical analyses of the oyster meat

The flesh of 8-10 oystes from each water body
was pooled for the monthly analyses. The pooled
samples were minced in a Hobart mincer and
subsampled for the determination of the proximate
composition and mineral content based on AOAC

(1970) methods. About 5 g of the minced samples
was oven-dried (105 +1 °C) to a constant weightand

the difference between the wet and dry weights gave
the moisture content. Protein content was detemined
by estimating the total nitrogen using the macro-
Kjeldahl method and multiplying the value by 6.25.
Fat was extracted by the continuous Soxhlet extrac-
tion method while the ash content was determined
by igniting 5 g of the dry meat to ash in a muffle
furnance at 550 °C. Carbohydrate was obtained by
subtraction of the protein, fat and ash values from
100.

The concentration of three major minerals (cal-
cium, iron and phosphorus) in the oyster meat were
determined according to the methods outlined by
Eyeson & Ankrah (1975) as follows:

Calcium. A sample of ash was dissolved in HCI
and the calcium was precipitated as an oxalate which
was then dissolved in H,SO,. The liberated oxalic
acid was titrated against KMnO, solution to give
the calcium content.

Iron. A portion of the ash solution was reduced
with ascorbic acid and after the addition of dipyridyl
solution the intensity of the colour was measured in

a Coleman Model 8 Colorimeter. The iron content
was read from a standard curve.

Phosphorus. Molybdate-sulphuric acid was
added to the ash and the molybdophosphate was
reduced with ascorbic acid. The optical density
was measured colorimetrically and the phosphorus
content calculated by reference to a standard curve.

Results
Condition index
The monthly mean condition indices of adult oys-
ters from the two habitats are shown in Fig.1. In the
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Fig. 1. Monthly changes in condition index of adult oysters
from Benya lagoon (solid line) and Pra estuary (broken
line). Vertical bars represent standard errors.

Benya lagoon, the index ranged from47+3to 114+
6 (SE). High values (>80) were recorded from July
to October 1988 while low values (<60) were ob-
served between December 1988 and February 1989.
In May, June and November 1988, and March and
April 1989 the condition of the lagoon oysters was
moderate (60-80).
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In the Pra estuary, the condition index (CI) of the
oysters ranged between 12+ 1 and 90 £ 13 (SE). The
oysters maintained high Clin August 1988 only. In
June, July and September 1988 and from January to
April 1989, moderate levels were maintained. For
the rest of the period, the-CI was low. It is apparent
from Fig.1 that the CI was generally higher in the
oysters from the Benya lagoon than those from the
Pra estuary with the values in the former being sta-
tistically higher in six of the eleven sampling months.

Moisture content

The flesh of oysters in both populations main-
tained high moisture content (>75 per cent) with mini-
mal fluctuations throughout the study period (Fig.2).
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‘Fig. 2. Monthly changes in moiture content of adult oys-
ters from Benya lagoon (solid line) and Pra estuary
(broken line).

The values in the Benya lagoon ranged between
75.5 and 83 per cent while those in the Pra estuary
varied from 80 to 85.7 per cent. Comparison of the
two populations showed that estuarine oysters had
a higher moisture content than those from the la-
goon (1=2.738; P<0.05).

Proteth
The protein content ranged between 45.28 and
67.88 per cent of the dry flesh in the oysters from

the Benya lagoon. With the exception of Septem-
ber 1988, the protein content remained above 50 per
cent of the proximate composition of the oysters in
this lagoon (Fig. 3). Inthe Pra estuary samples, the
protein content remained above 50 per cent through-
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"Fig. 3. Monthly changes in the approximate composition
of the dry flesh of Crassostrea tulipa from the Benya
lagoon (solid line) and Pra estuary (broken line).

out the study period, ranging between 54.44 and
77.46 per cent. The difference between the two
populations was significant (+=3.251; P<0.01).

Carbohydrate

"The two populations showed maximum carbohy-
drate values in September and minimum values be-
tween November and January (Fig. 3). In the Benya
lagoon population, the carbohydrate content ranged
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between 11.32 and 36.65 per cent, while in the Pra rg/100g

estuary, the range was from 0.30to 19.11 per cent. 6000 o-—=~~4,

The difference between the two populations was % Lo

highly significant (¢ = 7.879; P<0.001). aoso kY

Fat

The fat content of the oysters from the two habi-
tats were generally similar except in November
1988 and January 1989 when distinctly higher val-
ues (14.0 and 19.16 per cent respectively) were re-
corded in the Pra estuary (Fig. 3). The range in the
Benya lagoon was 5.85 to 10.81 per cent while in the
Pra estuary it was 4.54 to 19.16 per cent. The differ-
ence in the two populations was not significant (¢ =
1.287; P>0.10).

Ash

Ash ranged from 7.25 to 17.22 per cent in the
Benya lagoon, and 6.89 to 23.58 per cent in the Pra
estuary (Fig. 3). The oysters in the estuary had
higher ash content than the lagoon oysters between
May and August 1988. Thereafter, the values ap-
peared similar and the overall difference between
the two populations during the study period was
not significant (= 0.856; P>0.10).

Calcium
The calcium content of oysters from the Benya

lagoon attained a peak of 3444 mg/100 g of dry tis-
sue in February 1989 (Fig. 4). For the rest of the
period, the values were below 2000 mg/100 g: Inthe
Pra estuary, the calcium content exhibited a more
drastic fluctuation with a major peak of 5,864 mg/
100 g in July 1988, and two minor peaks of 3050 mg/
100 g and 3400 mg/100 g in October and December
1988 respectively. In general, the.estuarine oysters
contained more calcium than their lagoon counter-
parts (1=2.808; P<0.05).
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Fig. 4. Monthly changes in mineral content of Crassostrea
tulipa from Benya lagoon (solid line) and Pra estuary
(broken line). i

Iron

In the Benya lagoon, iron content of the oysters
ranged from 9.81 mg/100g t0 62.03 mg/100 g (Fig. 4).
With the exception of November and December 1988,
the iron content of oysters in the lagoon remained
below 40 mg/100 g. In the Pra estuary, the iron con-
tent remained above 40 mg/100 g for most of the
period except September 1988. The difference be-
tween the oysters from the two habitats’ was
signficant (1=3.866; P<0.01) with the estuarine oys-
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TABLE |
Major nutritional components (percent of dry tissue) and moisture content (per cent of fresh tissue) of Crassostrca
tulipa compared with other bivalves

Species Protein Fat Carbohydrate Ash Moisture

C. mlipa’

(Benya Lagoon) 59.3 £2.2 8.0+0.6 20.0+ 2.5 127 1.0 79.4£0.3

(Pra Estuary) 67.7£2.2 9.8+1.3 8.1+0.4 144 £1.6 83.2 £0.5
C. gigas® 55+3.3 - 11.0£2.2 209 1.7 -
C. gasar’ 40.13 9.71 21.25 - 76.0
C. virginica? 50.25 10.7 28.7 - 80.5
Anadara granosa’® 51.89 5.90 30.30 11.81 76.30
Perna picta* 64.01 7.93 10.70 17.36 -

1. Present study; 2. Walne & Mann, 1975; 3. Ajana, 1980; 4. Shafece, 1989.

ters containing more iron than the lagoon oysters.

Phosphorus

The lagoon oysters maintained a consistently
lower phosphorus content than the estuarine oys-
ters throughout the study period (Fig. 4). In the
lagoon, the range was from 350 mg/100 g to 1,350
mg/100 g while in the estuary it was from 426 mg/
100 g to 3068 mg/100 g. The fluctuations were more
drastic in the estuarine population in which the val-
ues were also significantly higher (t=4.309; P<0.01).

Discussion

The condition index of bivalves which is a meas-
ure of the plumpness of their meat (Quayle, 197 1)is
of considerable importance in their fishery (Hancock
& Franklin, 1972). The two oyster populations in-
vestigated in this study showed a generally similar
pattern of relatively high condition index during the
rainy season (from May to September) and low in-
dices during the dry season. This pattern was not
related to any one of the three main food nutrients.

The oysters maintained moderate to high meat con-
dition for nine and eight months respectively, in the
lagoon and the estuary. This indicates that both
populations can be beneficially harvested for a
greater part of the year. The relatively lower condi-
tion index of the estuarine oysters seems to be con-
sistent with their relatively higher moisture content
compared with their lagoon counterparts. The wa-
ter content of the flesh of oysters from the two
populations were high and fall within the range re-
corded for other commercial bivalves elsewhere (Ta-
ble 1).

The protein, fat, carbohydrate and ash levels in
the Ghanaian oysters compare favourably with those
in other commercial bivalves. With the exception of
carbohydrates, all the other nutrients (including the
minerals) in the oysters from the estuary were higher
than the lagoon oysters. This should, however, be
interpreted with caution since the estuarine oysters
had a significantly higher moisture content (P<0.05)
and the fact that the nutrient contents were com-
puted on dry matter basis. It is possible, therefore,
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that on 'as - is' basis, a larger number of oysters
may be needed from the estuary to supply the same
amount of nutrient than from the lagoon. The sig-
nificantly lower carbohydrate content of the es-
tuarine oysters would seem to suggest a higher

note that the monthly fluctuations in the mineral
content in the estuarine oysters were more drastic
compared with the gradual variations in those origi-
nating from the lagoon. This could also reflect the
relative instability in the estuarine habitat compared

TABLE 2
Some mineral content (mg per 100 g) of the local mangrove oyster (Crassostrea tulipa)
compared with those of some good food sources (values in parenthesis are standard errors)

Food source Calcium Iron Phosphorus
(mg/100 g) (mg/100 g) (mg/100 g)
Dried skim milk' 1277 - -
Black pudding'
(Blood sausage) - 20.0 -
Calf's brain' - - 355
Crassostrea tulipa?
Pra estuary 2810 (£583) 58.7 (£8.9) 1693 (£226)
Benya lagoon 964 (£274) 29.7 (£4.9) 923 (95)

1. Pyke, 1989; 2. Present study.

metabolic rate in their unstable habitat where the
characteristic fluctuating salinities (Barnes, 1974,
McLusky, 1981) could pose persistent osmotic prob-
lems.

Calcium, iron and phosphorus are among the ma-
jor mineral elements which contribute to the proper
functioning of the human body and are accordingly
considered as important dietary elements (Pyke,
1986). The concentrations of these minerals in the
Ghanaian mangrove oyster are compared with those
in foods deemed to be good sources in Table 2. Itis
evident that the annual mean levels of the three
minerals in C. tulipa were higher than those in the
recommended good sources. It is interesting to note
that the oysters maintained high mineral levels
throughout the year (Fig. 4). This species can, there-
fore, be regarded as a reliable source of such min-
eral irrespective of the season. It is also worthy to

with the open lagoon in which conditions could be
buffered by the sea.

In view of their high protein and mineral content,
and moderate carbohydrate and fat composition, it
may be concluded that the local mangrove oyster
has a high nutritional status. The comparatively
higher meat condition, lower moisture content and
less variation in the nutrients of the lagoon oysters
seem to indicate that the lagoon could be a favoured
site for cultural purposes. However, information on
growth, survival and other aspects of productivity
are needed to support this assertion.
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