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ABSTRACT. The main fishing enterprise located in the province of Pinar del Rio, Cuba, markets oyster meat packed
in brine bags of 460 g. Oysters come from natural bank fisheries and farms. During the period 2009 - 2013, captures
showed an increasing tendency from 50 t to more than 80 t. However, the recorded oyster meat yields values from 3.3
- 3.9% are considered lower than the minimal acceptable value (4.9%). The aims of this study were to assess oyster
exploitation, meat yield and loss in the final packed product. Monthly and annual variations of meat yield were analyzed
regarding capture and oyster size; meanwhile, the meat loss was analyzed by treatments with different proportions of
oyster / brine. Significant difference (p < 0.05) of meat yield (%) was observed by oyster species and size with a better
performance in farmed oysters. Traditional packing for commercialization (meat / brine, 391 g / 69 g, respectively,
and total weight of 460 g) influenced meat weight loss by leakage of interstitial fluid; this loss was further confirmed
by the treatments with different proportions of meat / brine where the 1:1 proportion showed the least meat weight
loss. In addition, the non-compliance of management measures regarding commercial size, as well as lack of oyster
cleanliness before shell removing process, impacted meat yield analyses during 2009 - 2013.
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RESUMEN. La empresa pesquera de Pinar del Rio, Cuba comercializa el ostién desconchado, carne en salmuera,
envasada en bolsas de 460 g. Este recurso proviene de bancos naturales y granjas de cultivo. Aunque la captura de
2009 a 2013 incrementé de 50 a mas de 80 t, los rendimientos en carne de ostién mostraron valores de 3.3 a 3.9%,
los cuales son inferiores al minimo aceptable (4.9%). El objetivo de estudio fue evaluar el aprovechamiento ostricola,
rendimiento en carne y merma en el producto envasado. Se analizé la variacién mensual y anual del rendimiento
y su relacién con la captura y la talla; la merma se analiz6 mediante tratamientos con diferentes proporciones os-
tién/salmuera. Se encontraron diferencias significativas (p < 0.05) en el rendimiento (%) en carne segin el tipo de
ostion y su relacion proporcional con la talla, con mayor rendimiento en el ostién de cultivo. La proporcién tradicional de
comercializacién (carne / salmuera, 391 g / 69 g, respectivamente; peso total de 460 g) incidi6 en la pérdida de peso en
carne por drenaje natural del liquido tisular, corroborado en las pruebas con diferentes proporciones de ostién/salmuera,
mostrando menor merma la proporcién 1:1. Adicionalmente, el incumplimiento en medidas de manejo, la talla comer-
cial y la falta de limpieza del ostién antes de entregarlo al proceso de desconche pudieron incidir negativamente en el
rendimiento en carne durante 2009 - 2013.
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INTRODUCTION

In Cuba, oysters are marketed shucked, and
their meat is packed into nylon bags containing brine
for sale in the domestic market as frozen or fresh
products (Frias and Rodriguez 1991). Oyster meat
yield (R) has been used as an eco-physiological in-
dex (Rebelo et al. 2005), as well as an indicator
of industrial efficiency with a minimum acceptable
value of 4.9% (Gl 67 2012). Nationally, throughout
2009 - 2013, the average annual oyster (with shell)
production reached 1271.3 t, of which oyster meat
accounted for 73 t, resulting in an average yield
of 5.7% regarding total oyster weight delivered to
processing facilities for de-shelling and subsequent
packaging of meat in brine (ONEI 2015).

In this period, the industrial fishing enter-
prise EPICOL (located in La Coloma, Pinar del Rio
province) reported an average annual oyster pro-
duction of 70.2 t, recording the lowest meat yield
nationally (2.5 t of oyster meat = 3.6%). Currently,
oyster meat comes from three “base business units”
(UEBs) that supply the resource to EPICOL. Oys-
ter meat is packed in presentations of 460 g (=~ 1
Ib), consisting of 391 g of meat and 69 g of salt
solution (brine). During the packaging process, a
loss of meat weight from 3.8 to 6.5% has been ob-
served in two of the three business units. The three
UEBs, are dedicated to fishing or oyster farming.
The Cortés and Boca de Galafre units, where a loss
of meat weight available for commercialization has
been reported, maintain their production on both;
mangrove oyster fishery (Crassostrea rhizophorae,
Guilding 1828) extracted from natural banks and
the locally-named, “bottom oyster”, which has
been phenotypically identified (Betanzos-Vega et
al. 2016) as American oyster ( Crassostrea virginica,
Gmelin 1791). Since both are fished and processed
together, no individual statistics is available for each
species. Furthermore, because the bottom oyster
was just recently included in the fishery (Betanzos-
Vega and Mazén-Suastegui 2014), a commercial
size for this species has not been defined yet, and
its extraction is based on the minimum legal size es-
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tablished for the mangrove oyster (40 mm). Mean-
while, the third unit, the UEB of Morrillo, bases
its production on artisanal oyster farming of the C.
rhizophorae species from wild larvae (seeds) fixed
in suspended lines for fattening (Mazén-Suastegui
et al. 2011a).

To pinpoint the causes for low productivity
of the fished and farmed oysters from Pinar del
Rio and meat weight loss through packaging un-
til commercialization, the aim of the study was to
assess low meat yields throughout 2009 - 2013,
analyzing meat yield differences according to oyster
species, origin (wild or farming) and size, in each
one of the UEBs. In addition, meat weight loss was
assessed by an experimental design with different
oyster meat and brine proportions.

MATERIALS AND METHODS

Study area

The fishing and oyster farming zones assessed
in this study are located in the Province Pinar del
Rio in the westernmost region of Cuba (Figure 1).
The oyster-farming business units of Cortés and
Boca de Galafre are distributed in the Cortés cove.
The UEB of Cortés is located in the watershed of
the Cuyaguateje River (22° 05.238" N, 083° 58.324’
W) whilst Boca de Galafre is located on Bailén
beach into the Sabalo estuary and the El Chevi la-
goon (22° 07.215" N, 083° 58.308" W). The third
UEB (Morrillo) is located in Santa Teresa cove (22°
57.859" N, 083° 09.331" W) in Bahia Honda city.
Finally, the parent company (EPICOL) is located in
the town La Coloma (Figure 1).

Meat yield and oyster production variation

To determine the impact of fishing and
farming oysters regarding meat production, 2009
- 2013 oyster production from the three UEBs
was analyzed in EPICOL. To reach this goal,
charts were constructed to analyze inter-annual and
monthly variability of landed oysters, estimating
their respective meat yield after de-shelling, as well
as the independent contribution of each UEB.
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Figure 1. Oyster zones and fishery units assessed (fishing business unit).

Meat yield by oyster species and origin

The analysis of meat yield differences between
oyster species and origin was performed only
during January, March and May 2014 carrying out
biometrical analyses to the oysters in each of the
UEBs (n = 100 to 200 individuals). Before ob-
taining biometric data, oysters were catalogued by
species and origin (wild or farming) and subse-
quently washed with pressurized sea water to re-
move sediments, unwanted fauna and other matter.
The length of each individual was measured (antero-
posterior length) from the umbo to the outer edge
of the shell with a Vernier gauge (0.05 mm preci-
sion). All sampled oysters were de-shelled regard-
less of size. Total weight (oyster in shell) and meat
weight of each individual were determined with a
digital balance (Kern EMB600), correctly calibrated
and certified by the Instituto Nacional de Investi-
gacién en Metrologia (INIMET) in Cuba.

The percentage value of meat yield (R = wet
weight of oyster meat / oyster weight in shell x
100) was calculated according to Lenz and Boehs
(2010). The Cuban legislation has defined 4.9%
as the minimal value of meat yield for oysters as a
commercial resource, established to ensure a mini-
mally acceptable profitability (Gl 67 2012).

DOI: 10.191586/era.abn15.12/1

The R values were submitted to Bartlett's
test of normality. However, since no homoscedas-
ticity of variances was obtained, Kruskal-Wallis test
(p < 0.05) (Zar 1984) was used to analyze meat
yield in each UEB while meat yield variation was
calculated in regards to shell length by Pearson’s
simple linear regression (p < 0.05).

Meat weight loss assessment

To establish a better proportion of oyster
meat / brine, two experimental treatments were
assayed with the individuals sampled from the
Cortés and Boca Galafre UEBs in May 2014. The
first treatment (T1 = 391/195) consisted of 50%
brine weight (195 g) proportion, relative to the usual
weight of the meat (391 g) while in the second treat-
ment (T2), equal quantities of brine and meat were
used (391/391 g). Additionally, the current propor-
tion used by EPICOL (391 g of meat / 69 g brine)
was used as control.

De-shelling and packaging of both oyster
species (C. rhizophorae and C. virginica) from
Cortés and Boca Galafre are carried out in the
Galafre facility and subsequently sent to EPICOL.
The experiments consisted of sampling 60 bags con-
taining oyster meat, individually marked to track the
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Figure 2. Interannual variation of oyster production volumes and average meat yield

during 2009 - 2013.

treatment applied (T1, T2 or Control; n = 20 bags
per treatment). The packaging of the samples con-
sisted of weighing both meat and brine in regards to
each treatment. All samples (60 bags) were cold-
stored (4 °C), mixed and transported with the rest
of the production, following the usual market chain
process until arriving to EPICOL. Once at EPICOL,
the meat was removed from the container bags and
drained in a suitable sieve for five min to calculate
weight loss per bag.

Drained meat weights were used in a one-way
ANOVA (p < 0.05) to assess differences among
treatments, followed by Duncan (1955) test for
multiple comparisons.

RESULTS

The results of the oyster production analysis
(2009 - 2013) showed that inter-annual variations in
volumes were increasing annually while meat yield
did not show the same trend (Figure 2); on the
contrary, it showed lower values than the minimal
acceptable (4.9%).

According to the fishing statistics of the pe-
riod, the Cortés UEB reported an annual average
extraction of 6.8 + 2.5 t of oysters in shell with
an R of 3.4% while in Boca de Galafre, the annual
average extraction was 37 t with an R of 3.8% and a
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total of 27 t with an R of 3.9% for Morrillo. The his-
torical monthly variation analysis of R showed the
highest values in June and September (Figure 3)
although only in June was a value superior to the
minimal acceptable achieved. Additionally, during
2009 - 2013, the month of June that showed the
highest meat yields did not match that of higher
production volumes (Figure 3).

The biometric measurements showed that
oysters with larger sizes, as well as those with higher
average meat weight, were recorded in Cortés and
Boca Galafre, particularly observed in bottom oys-
ters (C. virginica) (Table 1). In addition, bottom
oysters also showed higher yields compared to wild
mangrove oysters, in both sites with significant yield
differences (p < 0.05) per oyster species (Figure 4).
The lowest average sizes were recorded in Morrillo
despite these oysters came from farms. Nonetheless,
the intraspecific comparison proved that the man-
grove oysters farmed in Morrillo had higher meat
yield compared to mangrove oysters fished from
natural banks.

The regression analysis (Figure 5) showed a
positive proportionality between size and yield in
the three UEBs. Particularly, in Cortés and Boca
de Galafre (Figures 5a and 5b) where both oyster
species were included in the analysis, the bottom
oyster showed a higher yield value associated to a
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Figure 3. Monthly variability of oyster production and meat yield during 2009 - 2013.

Table 1. Biometric data and meat yield (R) of the total number of oysters sampled ( Crassostrea sp.) per month

and study area.

Variable assayed/sites Cortés Boca de Galafre Morrillo

2014 Jan. Feb. May. Jan. Feb. May. Jan. Feb. May.
Number of oysters (n) 150 170 200 150 175 200 100 150 100
Mean size (mm) 3050 3560 40.34 3195 3635 3493 21.75 2790 30.35
Stand. Dev. (1) 15.12 1748 1460 1758 1953 16.13 6.24 8.22 6.92
Max. size (mm) 51.25 6450 70.85 70.10 83.20 9050 35.60 40.90 42.65
Min. size (mm) 6.50 7.05 9.50 7.50 5.50 8.00 6.05 7.25 8.50
% commercial size (> 40 mm) 20.55 34.65 47.50 23.05 38.80 30.00 0.00 7.38  10.00
Average gross weight (g) 29.89 3658 3735 3125 3925 3845 1543 17.63 18.07
Average meat weight (g) 1.35 1.99 1.76 1.49 2.24 1.97 0.87 1.06 1.22
Average R (%) 4.52 5.44 4.71 4.77 5.71 5.12 5.64 6.01 6.75

larger size compared to the mangrove oyster. The R
value > 4.9% of wild mangrove oyster corresponded
to oysters of > 50 mm in length. Regarding the
bottom oyster, R value > 4.9% was obtained from
individuals with size of > 40 mm in length. Mean-
while, in the UEB of Morrillo (Figure 5¢) where total
production came from artisanal culturing, the yields
obtained were the highest recorded (R = 6 and 8%)
from oysters from 30 to 43 mm in length, which
recorded the highest correlation coefficient (r> =
0.71) between R and shell length.

The analysis of meat weight loss confirmed
that it was due to leakage of interstitial fluids
showing that an important cause lay on the meat
/ brine proportion in the commercial presentation.
In addition, the results showed that dehydration
occurred independently of the origin and species of

DOI: 10.191586/era.abn15.12/1

packaged oyster. The ANOVA showed significant
statistical differences among treatments (F = 29.23;
p < 0.05). The second treatment (T2), with a pro-
portion 1:1, resulted in higher average meat weight
(p < 0.05), and as an outcome, lower weight loss
(Table 2). This allowed us to determine that the
usual proportion of meat / brine (391 g oyster meat
/ 69 g brine) did not result in the expected final
meat weight in the commercial product.

DISCUSSION

Although EPICOL annual oyster production
maintained an upward trend from 2009 to 2013,
its average annual meat yield was less than 4%,
and did not show notable changes along the five
years evaluated. Yield variations are determined
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Figure 4. Meat yield during 2009 - 2013 per oyster zone assayed. Mangrove
oyster (MO), bottom oyster (BO), mangrove oyster from farming (MOC).
Different letters (a, b, ¢), show statistically different results (p < 0.05).

by exogenous and endogenous factors associated to
the health of the organisms as well as their re-
productive stage, showing maximum yield values
in full sexual maturity stages and minimal values
during post-spawning stage (George-Zamora et al.
2003, Lenz and Boehs 2010, Mazo6n-Suastegui et
al. 2011b). As reported by Nikolic and Soroa-Bofill
(1971), in Cuba two massive reproductive periods
of the mangrove-oyster have been determined; one
from March - June and another one from Septem-
ber - November, showing maximum sexual maturity
in March, June and September. Notoriously, the
monthly variation of meat yield showed higher R
value within these months, which strengthens the
idea to harvest the resource in those periods of
sexual maturity. Therefore, meat yield has been
used as an eco-physiological index in oysters (Re-
belo et al. 2005).

It is worth highlighting that the different
values of meat vyield observed during 2009 -
2013 (lower) and 2014 (higher) could have been
attributed to the lack of cleanliness of the oyster
shells. The presence of epibiotic organisms, such as
juveniles and seeds of the oysters themselves are not
de-shelled due to their small size. Even fragments of
bark from the roots and branches of the mangroves
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(Betanzos-Vega et al. 2014) have caused increase
in gross weight of the oysters, which affects the final
meat yield values.

In the Cortés and Boca de Galafre facilities,
both species of oysters were processed undifferen-
tiated for their commercialization. The fishing co-
mmercial size applied for both species has been 40
mm; however, this minimum legal size was deter-
mined only for the mangrove oyster (MINAL 2009).

The bottom oyster has been extracted at
the same size since there are no relevant fishery
studies for this species in the region to deter-
mine their population structure by size, available
biomass, natural reproductive cycle, closed seasons,
or its legal minimal commercial size. The lack of
studies is due to the fact that the bottom oyster
(C. virginica) has been mistakenly considered as a
phenotypic variety of the mangrove oyster (C. rhi-
zophorae), which has adapted to benthic conditions
(Betanzos-Vega et al. 2016). For this reason, it
has led to the underestimation of its importance as
a natural resource and has had repercussions to the
oyster production statistics in Pinar del Rio. The
lack of population studies of C. virginica in the re-
gion could have impacts on the future of yields in
the oyster industry, so it will require a precautionary
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Table 2. Final weight of oyster meat and weight loss recorded according to

meat / brine proportions.

Indicators Control T1 T2 +SE
Meat / brine proportions (g) 391/69 391/195 391/391

Meat initial weight (g) 301 301 301

Meat final weight (g)(mean, g)  386.64°  387.42%  389.69°  0.29%
Meat weight loss (mean, g) 4.36% 3.57¢ 1.31° 0.29%*

abDifferent letters on the same row are statistically different (p < 0.05, Dun-

can).

extraction approach (FAO 1996) to achieve a sus-
tainable exploitation of this resource.

The analysis of average annual volume of
landings of each UEB showed higher extracted
biomass at Boca de Galafre. However, the highest
meat yield was recorded from farmed oysters in the
Morrillo UEB. This study allowed us to determine
that oyster fishing and processing of a size lower
than the legal minimum (40 mm) affect the R value
since a proportional relationship exists between shell
length and total and meat weights of the organism
(Hernandez et al. 1998, Lenz and Boehs 2010), as
it was confirmed by the analysis of lengths against
meat yield. Despite the average gross weight and
meat weight were higher in the oysters caught in
Cortés and Boca de Galafre - perhaps because of
the inclusion of C. virginica in the catching, higher
values of meat yield (6 to 8%) were obtained from
the mangrove oysters farmed in Morrillo although
just 10% of the oysters were commercial size. The
higher yields observed relate to phenotypic charac-
teristics since the shell of farmed oysters are thinner
(less weight) and the inferior valve (left valve) shows
a strong concavity that allows a higher growth in
soft tissues of the organism, an increase in weight
and hence a higher percentage in value estimation.
In addition, as it has been previously reported, meat
yield of farmed oysters, as well as their nutritional
benefits, is higher than that of wild oysters (Séaenz
1965, Milano et al. 2006).

Regardless of the assessed factors that
influenced yield variations, several human errors that
affected the yields recorded were observed during
the study. Some of these errors included: (1) extrac-
tion of organisms that did not reach commercial size
(less than 40 mm); (2) presence of young oysters
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attached to the shell of adults and, (3) lack of clean-
liness of organisms delivered for processing. This
last issue is important since payment to fishermen
depends entirely on total oyster weight (oyster in
shell) delivered to the UEB facilities. The presence
of epibiotic fauna and unwanted material increases
gross weight of oysters, but they affect meat yield,
which has been particularly observed in bottom oys-
ters since they are always underwater (Nifiez et al.
2010).

The wild oyster fishery, with commercial
goals, generates a bigger instability in oyster pro-
duction because it depends on the extant biomass
in natural banks, which are generally submitted to
high-fishing and natural environmental variations of
the shorelines. However, artisanal oyster farming
has proven to generate higher yields if based on inte-
gral management of the resource and performed in
suitable sites (Lodeiros-Seijo and Freites-Valbuena
2008). The encouragement of oyster aquaculture
would guarantee a higher sustainable production
and profitability for the region (Betanzos-Vega et
al. 2014).

Concerning meat weight decrease in the
commercial product, the traditional proportion of
meat / brine has given rise to a natural leakage
of interstitial fluids in the packed meat because
part of it remains uncovered by the brine. The
experimental treatments gave clear results for de-
termining the best proportion of meat / brine (T2,
proportion 1:1) to avoid weight loss in the final
product. These results are being considered in
EPICOL management plans for their application.
Finally, it is of paramount importance to follow the
regulations of minimum size for commercialization
of fished oysters, carry out a thorough cleaning of
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the oysters before delivery for the de-shelling pro-
cess and ensure the correct weight in the processing
for the best estimation of oyster meat yields.

CONCLUSIONS

Despite the tendency of annual increase in
capture volumes during 2009 - 2013, meat yields did
not reach the minimum acceptable by the industry
(4.9%). The analysis of monthly catch variation,
highlighted the bad practices of fishery manage-
ment. Months of maximum sexual maturity and
spawning were not taken into account to increase or
decrease the catch, as a function of these biological
parameters. These results suggest the need of repro-
ductive and biomass studies for the establishment of
bans during the maximum spawning stage to avoid
low yields, as well as to protect seed recruitment
and establish a maximum sustainable catch per
species. Regardless of the proportional relationship
between oyster size and meat yield, the cultivated
oysters produced in Morrillo UEB showed a higher
performance in spite of its smaller size, which high-
lights the importance of introducing artisanal oyster
aquaculture techniques in the facilities of Cortés
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and Boca de Galafre. Given that bottom oyster
(C. virginica) has shown a higher size and meat
yield than the mangrove oyster (C. rhizophoroae)
in Cortés and Boca Galafre, it can be considered a
better candidate for oyster aquaculture in the re-
gion by seed production in laboratory. Regarding
the proportion of meat / brine, it was observed that
the 1:1 proportion showed less weight loss by in-
creasing meat yield in the final product, so it should
be applied.
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