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Chapter 3
Effects of Depuration on Subsequent 
Deterioration and Shelf Life of Cultured 
Grooved Carpet Shell Clam Ruditapes 
decussatus During Chilled Storage

Fábio Mota, Jaime Aníbal, and Eduardo Esteves

3.1  �Introduction

The grooved carpet shell clam Ruditapes decussatus (L., 1758), which occurs from 
the eastern Atlantic to the Mediterranean, is one of the most consumed and profit-
able mollusks in the Mediterranean (Aníbal et al. 2011; FAO 2020). In Portugal, ca. 
88% of the production is originated in the Ria Formosa (INE/DGRM 2019), a 
highly productive, 18.500 ha coastal lagoon system limited by a streak of barrier 
islands located in southern Portugal (36°58′N, 8°02′W to 37°03′N, 7°32′W) 
(Almeida and Soares 2012). R. decussatus’ nutritional value, namely its high pro-
tein content, and very low level of fat, <1 g/100 g, and cholesterol (ca. 45 mg/100 g) 
make it a valuable seafood product. Condition and nutritional value (related to pro-
tein content) of clams in the Ria Formosa is higher in early-Summer (May–June) 
(Aníbal et  al. 2011). Notwithstanding, like other filter-feeding species, there are 
risks associated with consumption derived from their contamination with chemicals 
(El-Shenawy 2004), microorganisms (Almeida and Soares 2012), or biotoxins 
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(O’Mahony 2018; Vale et  al. 2008). Presently, the classification system for the 
bivalves’ production areas is based on bacteriological counts (E. coli) and heavy 
metals’ contents (cadmium, lead and mercury) (EU 2004a, b, 2005a, 2006, 2007, 
2008a, 2015; Ministério da Agricultura, do Desenvolvimento Rural e das Pescas 
2006). Depending on the water quality of their environment, specimens have to be 
depurated, a remediation technique, before marketing (EU 2005a). Similar require-
ments and measures apply in the USA (US FDA 2009). Oliveira et al. (2011) pro-
vide an updated overview of this topic.

The process of depuration consists in maintaining the clams in cold and clean, 
sterile seawater for 24–48 h to eliminate or significantly reduce the bacterial load 
that was eventually accumulated during growth in production areas (Lee et al. 2008; 
Maffei et al. 2009; Ruano et al. 2012). Parameters such as shellfish suitability (in 
terms of salubrity and condition after harvesting and general handling), physiologi-
cal conditions (viz. dissolved oxygen, loading, shellfish to water ratio, water flow, 
salinity, temperature, turbidity and disturbances), and infrastructures and operations 
(design of the operating system, basic hygiene draining, batch control, water qual-
ity) are critical (Lees et al. 2010). Clams are marketed live, packed in plastic net 
bags and stored at chill temperatures (ca. 5  °C) (Ministérios da Economia e da 
Inovação e da Agricultura, do Desenvolvimento Rural e das Pescas 2006). Their 
post-mortem spoilage dynamics is dependent on the concentration of substrates and 
metabolites, endogenous enzymes activity and microbial contamination (Sikorski 
and Kołakowski 2011) and is still also poorly understood (Anacleto et al. 2015). 
Commonly, parameters such as the survival of specimens, condition index (CI), 
glycogen content, pH, total volatile basic nitrogen (TVB-N) and trimethylamine 
nitrogen (TMA-N) contents, total viable counts (TVC), and/or abundances of 
Escherichia coli, coliforms, Enterobacteriaceae and psychrotrophic bacteria have 
been used to assess health status, spoilage dynamics and safety of bivalves sub-
jected to distinct processing technologies and stored under diverse conditions. It is 
a common belief among clam farmers that depuration decreases appreciably the 
condition and quality of the individuals, lowering their marketability and economic 
revenue.

This study aimed to examine the effects of depuration on parameters of biologi-
cal (mortality rate), physiological/commercial (condition index and percent edibil-
ity), physicochemical (pH and TVB-N content), microbiological (TVC, 
Enterobacteriaceae and psychrotrophic bacteria) and sensory quality of commercial-
size clams stored at chill temperatures.
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3.2  �Material and Methods

3.2.1  �Sampling

Samples of R. decussatus clams were obtained directly from a local licensed pro-
ducer/certified depuration center. This ensured that all tested biological material 
was of commercial value and from the Ria Formosa, Algarve. Within 2–3 h after 
harvest or the agreed period of depuration (see below), the samples were transported 
to the laboratory in a refrigerated box and washed before experiments or analyses. 
At the start of each trial, a subset of clams was randomly selected for biometric 
measurements and for the determination of the percent edibility and condition index 
(see below).

3.2.2  �Survival of Clams Kept in Refrigeration

The dynamics of survival of non-depurated clams were studied during the winter 
(December/January) and the late spring (May/June). Clams, n(winter)  =  50 and 
n(summer)  =  30, were kept under refrigerated conditions (5  ±  1  °C) for up to 
30 days. Daily, specimens were individually and gently stimulated with a stiletto 
and the behavioral response noted as 1-fast valve reaction, 2-slow valve reaction; 
3-no reaction but closed valves; and 4-no reaction and valves open. The number of 
specimens per day classified as 4 was used to estimate mortality rates and time 
required for 50% mortality (i.e. median time to death) (see below).

3.2.3  �Effects of Storage Temperature on Post-Mortem Changes 
in pH and TVB-N Content

A sample (n = 194) of non-depurated clams were frozen at −18 °C beforehand to 
assure the post-mortem status to all specimens in the sample simultaneously. At the 
beginning of the trial, the clams were thawed at ambient temperature (ca. 20 °C) for 
1 h and divided randomly into three groups. Each group was then maintained at 5, 
15 and 25 °C. pH and TVB-N content were measured at regular intervals until the 
obvious deterioration of the samples in terms of sensory and chemical parameters.

3  Effects of Depuration on Subsequent Deterioration and Shelf Life of Cultured…
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3.2.4  �Effect of Depuration on Survival, Condition 
and Edibility, pH, TVB-N Content, Microbiological 
and Sensory Quality

This experimental trial was conducted using n = 720 clams obtained in late Spring 
(during the season of peak consumption). Half of the specimens were depurated for 
24 h in recirculated tanks filled with UV sterilized water at 14 °C at a licensed center 
in Olhão under customary commercial conditions employed in local facilities, while 
the other half was transported directly to laboratory in insulated box(es). In the lab, 
clams were stored packed in closed plastic net bags at chill temperatures (5 ± 1 °C) 
for up to 24 days.

At the start and at regular intervals, specimens were sampled to estimate the 
mortality (as in Sect. 3.2.2 above), condition index and percent edibility, pH, TVB-N 
content, microbiota abundance (TVC, Enterobacteriaceae and psychrotrophic bac-
teria counts) and sensory quality.

3.2.5  �Quality Parameters

3.2.5.1  �Condition Index and Percent Edibility

At the start of each experiment, individual clams were weighed (±0.1 mg) and their 
maximum length measured (to 0.05  mm) using a precision caliper. Clams were 
manually shucked by cutting the adductor muscle with a knife, and the meat was 
pressed with blotting paper to remove excess moisture before weighting (wet 
weight, WW, ±0.1 mg). The meat and shells were subsequently dried at 65 °C for 
24 h and weighed again to obtain the dry weight (DW, ±0.1 mg). Condition index 
(CI) was calculated as

	 CI MDW SDW= ( )×/ 1000	

where MDW is meat dry weight (g) and SDW is the shell dry weight (g) (Aníbal 
et al. 2011; Orban et al. 2011). Percent edibility (PE) was calculated as

	 PE MWW TW= ( )×/ %100 	

where MWW is meat wet weight (g), and TW is the total clam weight including the 
shell (g) (Aníbal et al. 2011; Mohite et al. 2008; Orban et al. 2011).

F. Mota et al.



47

3.2.5.2  �pH and TVB-N

The pH was measured directly in the meat of individual specimens using an appro-
priate probe connected to a pH meter (GLP21, Crison®, Spain). The TVB-N con-
tent was determined following the micro diffusion method of Conway as described 
in IPQ  (2009) and instructed in the EU Regulation no. 2074/2005 (EU 2005b). 
Triplicate samples (10 g), each consisting of ca. 10 specimens were used for the 
assessment of TVB-N content.

3.2.5.3  �Microbiological Parameters

Sample preparation was carried out following international standard practice (ISO 
2003). In short, samples (20 g) of clams’ meat were aseptically placed into sterile 
Stomacher® bags containing 90 ml of peptone water with NaCl (0.85% w/v) (Merck, 
Darmstadt, Germany) and homogenized for 1 min (Stomacher 400, Seward Ltd., 
London, UK). Aliquots of 1 ml were poured in Petri dishes according to serial deci-
mal dilutions before the addition of appropriate media. For the enumeration of 
mesophilic aerobic (TVC)  and psychrotrophic bacteria, plate count agar (PCA, 
Scharlau, Germany) was incubated at 30 °C for 72 ± 3 h (IPQ 2002) and at 6.5 °C 
for 10 days (ISO 2001), respectively. Enterobacteriaceae were enumerated after the 
inoculation of 1 ml aliquots into 10 ml of molten (at 45 °C) violet red bile glucose 
agar (VRBGA, Scharlau, Germany). After settling, a 10 ml overlay of molten media 
was added, and VRBGA plates were incubated at 37 °C for 24 ± 1 h (IPQ 1991). All 
plates were examined visually for typical colony types and morphological charac-
teristics associated with each medium. Microbiological data, i.e. the number of 
colony-forming units (cfu) per unit mass were log-transformed prior to analysis, as 
log(cfu)/g.

3.2.5.4  �Sensory Analysis

Sensory evaluation of raw and cooked clams was conducted on days 0, 1, 2, 3, 7, 11 
and 14 during the storage at 5 °C using a panel of 11 individuals co-opted from the 
faculty, staff and graduate students of the Departamento de Engenharia Alimentar, 
Instituto Superior de Engenharia da Universidade do Algarve, that are experienced 
in the sensory assessment of seafood products.

Each panelist assessed seven sensory attributes of appearance, color (surface 
brightness, cream-ivory color, white/milky color and yellow/brownish color) and 
odor (intensity of fresh, ammoniac, and sulfide/putrid odors) of raw and cooked 
specimens using a 6-point scale (from 0, absent, to 5, extremely intense) that was 
adapted from Gonçalves et  al. (2009) and Meilgaard et  al. (2007). The panelists 
were also asked if at that time they would consume the samples or not. Raw clams 
were simply shucked before analysis whereas in the case of sensory analysis of 
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cooked clams, specimens were steamed in a microwave oven for 1 min (at 400 W) 
before being served to panelists.

3.2.6  �Statistical Analysis

Results are given as mean ± standard deviation (descriptive statistics) or parameter 
estimates ± standard error (regression models). Comparisons of PE and CI among 
sampling dates in depurated and non-depurated clams were carried out using one-
way ANOVA. Mortality (p) over storage time (t, in days) was modeled via logistic 
regression and the median time to death t50, i.e. the time at which 50% of the speci-
mens are dead, derived from the best fit model. The following form of the two-
parameter logistic model was fitted,

	

p
r t t

=
+





− −( )( )
1

1 50exp
	

(3.1)

where p is the proportion of specimens alive, r is the rate (d−1) and t50 is the median 
time to death (d). Dynamics of TVB-N content (y, mg N/100 g) over time (t, in 
days) was modeled using a first-order, exponential model,

	 y a r t c= ( ) +exp 	 (3.2)

where a is the initial value, r is the rate (d−1), and c is TVB-N content at t = 0. Clams’ 
acceptability (measured as the proportion of total panelists willing to consume the 
clams at given day) was modeled using a modified version of the two-parameter 
logistic model common in psychometric research,

	

p
k t t

=
+





− −( )( )
1

1 50exp
	

(3.3)

that allowed the estimation of the median time to rejection, t50. The exponential and 
the two-parameter logistic models were fitted via nonlinear regression analysis 
(using the Levenberg-Marquardt algorithm thru the function nls in R) and their 
goodness-of-fit assessed using the residual deviance and pseudo-R2 (Ritz and 
Streibig 2009). All statistical procedures were carried out at the 0.05 level of signifi-
cance and using R statistical software (R Core Team 2019).

F. Mota et al.
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3.3  �Results and Discussion

3.3.1  �Survival of Non-depurated Clams

The logistic model fitted the data on proportion alive over storage time well (pseudo-
R2 = 0.996 for Summer and pseudo-R2 = 0.988 for Winter). The survival of non-
depurated clams kept in refrigeration was substantially lower in Summer compared 
to Winter (Fig. 3.1). The median time to death, t50, was 12.1 ± 0.05 d compared to 
20.1 ± 0.22 d, respectively.

In a relatively similar experiment, Anacleto et  al. (2013) kept non-depurated 
clams Venerupis pullastra and Ruditapes philippinarum at 4 °C and registered their 
mortality. These specimens’ t50 were observed to be 5 and 14 days, respectively for 
V. pullastra and R. philippinarum. Marin et al. (2005) studied the effects of mechan-
ical stress on under-sized T. (Ruditapes) philippinarum survival. Partly, the differ-
ences found in t50 among studies relate to methods of appraisal of clams’ living. 
Moreover, the temperature difference between their environment/habitat and the 
refrigerating temperature is much more pronounced in Summer (commonly >20 °C 
vs. 5 ° C) than in Winter (~15 °C vs. 5 °C). Possibly, the greater thermal shock in 
Summer stresses animals considerably more such that survival is shortened.

Fig. 3.1  Survival of non-depurated R. decussatus clams collected in Summer and Winter when in 
chilled storage. Proportion alive* (i.e. animals except those where shell gape occurred and external 
stimuli did not produce any response) and t50 is the median time to death (d) (n  =  50 and 30 
per season)

3  Effects of Depuration on Subsequent Deterioration and Shelf Life of Cultured…
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3.3.2  �Post-Mortem Changes

The TVB-N content of non-depurated clams maintained at 5, 15 and 25 °C post-
mortem (i.e. frozen at −18 °C before the experiment) were relatively low at the start 
of the trial (3.45 to 5.54 mg N/100 g) and increased exponentially with storage time, 
but at different rates (Fig. 3.2a). The rates increase from 0.31 ± 0.06 d−1 at 5 °C, to 
0.72 ± 0.17 d−1 at 15 °C to 1.60 ± 0.22 d−1 at 25 °C. Considering the limits stipulated 
in the EU (EU 2005b, 2008b) (albeit for fish), the TVB-N content is estimated to 
exceed 35 mg N/100 g after 7, 2 and only 1 d, respectively for 5, 15 and 25 °C stor-
age temperatures.

TVB-N concentrations in fresh fish are expected to be non-zero since ammonia 
is a metabolite already present (Pereira and Tenuta-Filho 2005). The same is antici-
pated for other seafood. Initial values found herein are in line with values reported 
by Cao et al. (2009) for Pacific oysters (Crassostrea gigas), 4.25 mg N/100 g, but 
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Fig. 3.2  Post-mortem changes in (a) TVB-N content and (b) pH in non-depurated, natural clams 
R. decussatus during storage at three distinct temperatures, 5, 15 and 25 °C (mean ± SD, n = 150 
per treatment)
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are substantially lower those reported by Rey et al. (2012) for clams (V. rhomboi-
deus), 24 mg N/100 g, and for oyster (Ostrea edulis), 12–13.6 mg N/100 g, and by 
Tosun et al. (2018), Rey et al. (2012), Caglak et al. (2008), and Manousaridis et al. 
(2005) for raw mussels Mytilus galloprovincialis, 17.52  mg  N/100  g, 
18.99 mg N/100 g, 11.48 mg N/100 g and ca. 10 mg N/100 g, respectively. Values 
observed at the start of our trial are indicative of clams’ freshness. Despite the low 
levels of non-protein nitrogenous compounds in bivalves, the production of volatile 
compounds resulting from the post-mortem degradation usually determines the 
increase in TVB-N content. Kim et al. (2002) recorded TVB-N values between 19 
and 35 mg N/100 g for oysters packaged in LDPE pouches after 12 days of refriger-
ated storage. Manousaridis et al. (2005) reported increasing values of TVB-N con-
tent for control (vacuum-packaged) samples of shucked mussels up to 
31.9 mg N/100 g after 12 days of storage at 5 °C. Similarly, Caglak et al. (2008) 
found rapidly increasing concentrations of TVB-N in the air- and vacuum-packaged 
shucked mussels up to 64 mg N/100 g (after 8 d) and 66.6 mg N/100 g (after 12 d). 
Herein, post-mortem concentration of TVB-N in clams stored refrigerated, at 5 °C, 
showed similar trends.

Although in pasteurized samples of marinated mussels M. galloprovianclis 
stored for 21 d at 4 °C, Tosun et al. (2018) observed increasing concentrations of 
TVB-N from 7.90 mg N/100 g after pasteurization to 29.24 mg N/100 g at the end 
of their experiment (21 days). After 12 d refrigerated storage, Caglak et al. (2008) 
registered TVB-N contents of 36.2–67.3 mg N/100 g in modified-atmosphere pack-
aged shucked mussels.

Regarding pH (Fig. 3.2B), values decreased, sharply in clams kept at 15 °C and 
25  °C, from initial values ranging from 6.69–6.71 to minima of 6.35  ±  0.16, 
5.97  ±  0.06 and 6.06  ±  0.07 on days 6, 2.5 and 1, respectively at 5, 15  and 
25 °C. Then, the pH values of clams stored at 25 °C increased steeply.

Herein pH values observed at the start of the storage trials were higher compared 
to those found by Erkan (2005) for shucked mussel, 5.96, by Cao et al. (2009) for 
Pacific oyster, 6.30, or by Manousaridis et al. (2005) for mussels, 6.3, but in line 
with the results reported in Caglak et al. (2008) also for mussel, 6.69–6.72. The 
initial reduction in pH values commonly occurs is seafood as a result of acid lactic 
formation ensuing autolytic processes, eventually from the conversion of glycogen 
to lactic acid as suggested by Cao et al. (2009); while the later increase in pH results 
from the production of basic compounds from nitrogen deamination (also reflected 
in TVB-N levels’ increase), eventually due to microorganisms’ metabolism (Huss 
1995). Coincidently, the minima in pH values matched TVB-N levels reaching the 
concentrations legislated for fish (25–35 mg N/100 g) (see above) or proposed for 
bivalves (15–25 mg N/100 g; cf. Tosun et al. (2018)). This might suggest unaccept-
ably low quality for Human consumption at those occasions. However, previous 
studies (Caglak et al. 2008; Erkan 2005) have been unsuccessful at finding a corre-
lation between the pH and the freshness of bivalves as proposed by Pottinger (1948) 
for oysters (pH = 6.2–5.9 “good”, pH = 5.8 “off”, pH = 5.7–5.5 “musty”, pH = 5.2 
and below “sour or putrid”).

3  Effects of Depuration on Subsequent Deterioration and Shelf Life of Cultured…
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3.3.3  �Depurated vs. Non-depurated

We posited that depuration would have an impact on parameters of biological (mor-
tality rate), physiological/commercial (condition index and percent edibility), phys-
icochemical (pH and TVB-N content), microbiological (TVC, Enterobacteriaceae 
and psychrotrophic bacteria) and sensory quality of commercial-size clams stored 
at chill temperatures.

Results show (Fig. 3.3) that clams collected in late-Spring, during the period of 
peak consumption, subjected to depuration exhibit a similar survival trend to non-
depurated specimens when kept refrigerated. The logistic model fitted well the data 
on proportion alive over storage time (pseudo-R2 = 0.979 for depurated and pseudo-
R2  =  0.996 for non-depurated clams). The median time to death, t50, practically 
overlapped, 13.0  ±  0.12 d vs. 12.1  ±  0.06 d respectively in depurated and non-
depurated clams.

When comparing the survival rate of native V. pullastra and exotic R. philippina-
rum clams in the Tagus Estuary, Anacleto et al. (2013) found that t50 of depurated 
and non-depurated clams maintained at 4 °C were similar, 5 d for V. pullastra and 
14 d for R. philippinarum. Those authors also experimented with higher storage 
temperature, 22 °C, to find that t50 were much shorter, 3 and 4 d. The median time 
to death, t50, of 5 d was observed by Marin et al. (2005) that experimented with 
T. philippinarum at 18 °C. In another relatively similar experiment with depurated 
T. (Ruditapes) decussatus carried out at three different storage temperatures by 
Sadok et al. (2003), authors found that t50 ranged from 6.5 d for 5 °C, to 16 d for 
10 °C, to 5 d for 20 °C. Bernárdez and Pastoriza (2011) observed increasing mor-
talities of mussels packed in 21% O2 atmosphere (~atmospheric air) of up to ca. 

Fig. 3.3  Survival of depurated vs non-depurated clams R. decussatus collected in Summer and 
kept in chill storage at 5 ± 1 °C (n = 50 per treatment)

F. Mota et al.
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40% at the end of the 14-d storage period. Our results (t50 = 13 d) are close to the t50 
reported by Anacleto et al. (2013) for 4 °C storage temperature (14 d) and the esti-
mate of 16  days by Sadok et  al. (2003) for the 10  °C storage temperature for 
R. decussatus clams. Notwithstanding, herein clams’ mortality remained steadily 
low for up to 9 d, demonstrating clams’ resistance to emersion, and corroborating 
that commercialization of clams in closed net bags outside water is the correct 
procedure.

In depurated clams, the condition index (CI) decreased and the percentage edi-
bility (PE) increased during storage whereas in non-depurated clams CI remained 
constant and PE increased, the latter following a similar pattern to that observed for 
depurated clams (Fig. 3.4). Changes in CI and PE among times of storage were 
statistically significant (ANOVA, F  =  4.69 with p  =  0.0013 and F  =  6.05 with 
p = 0.0002, respectively) in the case of depurated clams only. Notwithstanding, the 
variability of data cautions clear-cut conclusions.
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non-depurated clams R. decussatus (mean ± SD, n = 60 per treatment)
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CI has been used as an ecophysiological measure of bivalve health status 
(Mubiana et al. 2006) and adopted in international trade as a standard criterion to 
select the best product (Aníbal et al. 2011). It may be considered as an indicator of 
fatness and marketability of commercially exploited bivalves (Orban et al. 2004). In 
this study, the initial CI and PE of clams were relatively lower than those reported 
by Aníbal et al. (2011) for the species in the Ria Formosa during late-Spring but 
reflect changing environmental conditions and physiological demands, the latter are 
assuredly dependent on the seasonality of the species’ life/reproductive cycle (Ojea 
et al. 2004). Anacleto et al. (2013) also found decreasing trends in CI of clams dur-
ing storage which they attributed to stressful conditions, namely the lack of feed that 
demands the use of biochemical reserves that decrease body weight (Albentosa 
et  al. 2007). Seemingly, the depuration of clams in this study exacerbated those 
effects. In contrast, Gonçalves et al. (2009) observed non-significant changes in CI 
and PE of purified R. decussatus clams but in shorter 6-days storage trial (both in air 
and MAP).

Moreover, TVB-N content of depurated and non-depurated (live) clams stored 
chilled (+5  °C) exhibited similar exponential patterns (Fig.  3.5A). Exponential 
models fitted data quite well (pseudo-R2 = 0.967 in depurated clams and pseudo-
R2 = 0.999 in non-depurated clams). Similar rates of (exponential) increase were 
found in depurated and non-depurated clams, 0.288 ± 0.058 d−1 and 0.256 ± 0.061 
d−1 respectively. These were slightly lower than the rates estimated previously for 
post-mortem changes in TVB-N (see above) but higher than the rates reported by 
Sadok et al. (2003) for T. decussatus maintained at 5 °C, 0.104 d−1. In their study, 
clams’ TVB-N content reached ca. 10 mg N/100 after 10 d. Herein, a steep increase 
in TVB-N levels was observed after days 15–20. Seemingly, clams can sequester 
ammonia in the hemolymph (Ali and Nakamura 2000) for a few days after emer-
sion, mitigating its toxicity. Afterward, the altered metabolism induced by emersion 
leads to the production of ammonia and other volatile bases from amines and amino 
acids as suggested by Sadok et al. (2003). Rey et al. (2012) observed an increase in 
TVB-N levels of depurated clams (V. rhomboideus), oysters (O. edulis) and mussels 
(M. galloprovincialis) stored under ozonized slurry ice or flake ice, especially in 
mussels, during their 6-days storage trial. The TVB-N contents exceeded the 
25–35 mg N/100 g thresholds (stipulated for a number of fish species in Regulations 
(CE) no. 2074/2005 and no. 1022/2008) by day 20–21. If the proposed limits for 
bivalves (15–25 mg N/100 g; cf. Tosun et al. 2018) are used, then shorter times are 
estimated 17–18 days.

The pH decreased in the first 1–2 days, markedly in non-depurated clams (from 
6.30 to 5.24); then, values increased to pH > 7 (Fig. 3.5B). This increase was more 
pronounced in non-depurated clams. Again, the initial reduction in pH values com-
monly occurs is seafood as a result of acid lactic formation ensuing autolytic pro-
cesses, seemingly more pronounced in non-depurated clams, eventually from the 
conversion of glycogen to lactic acid as suggested by Cao et al. (2009); while the 
later increase in pH results from the production of basic compounds from nitrogen 
(also reflected in TVB-N levels changes). Gonçalves et  al. (2009) reported 
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increasing pH values in purified (commercially depurated) R. decussatus clams dur-
ing a 6-day storage trial, they attributed to low glycogen utilization.

At the start of the trials, TVC averaged 4 log(cfu/g), and then decreased 
(Fig. 3.6a). This was noticeable and prolonged in depurated clams, to 3.27 log(cfu/g) 
during the first 6 d; while in non-depurated clams, the reduction was relatively 
smaller and shorter, to 3.7 log(cfu/g) in <2 d. Afterward, TVC increased in both 
groups following a similar pattern, but at comparatively higher levels in non-
depurated clams (ca. +1–1.5 log(cfu/g)). In the latter, TVC exceeded 5.7 log(cfu/g) 
just after 20 days of chilled storage and capped at 6.70 log(cfu/g) on day 24, while 
depurated clams’ TVC reached only 4.7 log(cfu/g) on day 23 of the experiment. 
Regarding Enterobacteriaceae (Fig. 3.6b), abundances remained relatively low, at 
ca. 1–2 log(cfu/g), during the first 20 days of the trial and then increased steeply in 
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Fig. 3.5  Changes in (a) TVB-N content and (b) pH in depurated vs. non-depurated clams R. decus-
satus (mean ± SD, n = 180 per treatment)
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Fig. 3.6  (a) Total viable counts (TVC), (b) Enterobacteriaceae abundance and (c) psichrotrophic 
bacteria abundance (as log(cfu/g)) in (Summer) depurated vs. non-depurated clams R. decussatus 
(mean ± SD, n = 120 per treatment)
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both depurated and non-depurated clams, to 5.0 log(cfu/g) and 3.2 log(cfu/g) 
respectively. The abundance of psychrotrophic bacteria (Fig.  3.6c) was reduced 
markedly after depuration, from 2.3 log(cfu/g) to 1.0 log(cfu/g), and then increased 
linearly to ca. 5 log(cfu/g); whereas in non-depurated clams, their abundance 
increased steadily from 2.3 log(cfu/g) on day 0 to >6 log(cfu/g) after day 20.

Expectedly, the depuration of clams had a noticeable effect on the microbiota 
assessed herein. Depuration efficiency is primarily related to size, siphoning activ-
ity, and physiological conditions of bivalves (Oliveira et al. 2011). However, other 
factors, such as the system design, water quality, oxygenation and flow rates, salin-
ity, temperature, shellfish: water proportions, initial level of contamination, type and 
amount of pollutants, bivalve species and process duration are thought to influence 
depuration efficiency (Anacleto 2014). Moreover, depuration is highly effective in 
removing fecal bacterial from bivalves but less or even ineffective to remove other 
contaminants, e.g. virus, marine vibrios, toxins, or organic chemicals (Lee et  al. 
2008). El-shenawy (2004) observed reduced levels of microorganisms after the 
depuration of R. decussatus but only after 4 d. Martínez et al. (2009) reported sig-
nificant reductions in pairwise aerobic plate count (APC) and psychrotrophic bacte-
ria abundances in a set of farmed bivalves after depuration. In clams from the Tagus 
estuary, TVC were significantly reduced during depuration and later increased dur-
ing “simulated transport” conditions at 4  °C and 22  °C (Anacleto et  al. 2013). 
Increases of only ca. 1 log(cfu/g) were observed by Rey et al. (2012) in their 6-days 
storage trial of depurated clams, oysters and mussels using ozonized slurry ice and 
flake ice. The increase in TVC observed herein exceed the 5.7 log(cfu/g) limit rec-
ommended by ICMSF (1986) for bivalves or the 5 log(cfu/g) limit proposed by the 
National Advisory Committee on Microbiological Criteria for Foods (1992) only in 
the case of non-depurated clams and after 20 days of storage. Enterobacteriaceae, 
which include several pathogenic microorganisms, e.g. genus Escherichia (incl. 
E. coli), Salmonella, Shigella and Yersinia, may be present in the natural microbiota 
of foods or can be introduced as a result of post-process contamination (Baylis 
2006) and pose food safety concerns since clams are filter feeders (Goulas and 
Kontominas 2007). Moreover, Enterobacteriaceae are known-causes of food spoil-
age, since their growth and metabolic activity results in off-flavors and odors and 
other organoleptic defects arising from the enzymatic breakdown of proteins and 
lipids (Baylis 2006). Herein, the abundances of Enterobacteriaceae remained low, 
1–2 log(cfu/g), within the “borderline limit of acceptability” of 102–104 recom-
mended in Forsythe (2000), for up to 20 d of storage. Psychrotrophic bacteria are 
the main contributors to the spoilage of seafood at refrigeration temperatures and 
thus can be used to estimate the microbial shelf life of seafood (Khan et al. 2005). 
Herein, only in clams subjected to depuration an initial reduction in the abundance 
of psychrotrophic bacteria was observed, otherwise, they grew almost linearly dur-
ing the storage trial (Fig.  3.6c), taking advantage of their ability to grow at low 
temperatures (Bornert 2000). Considerable high abundances, >6 log(cfu/g), were 
found in non-depurated clams after 20 days. In contrast, Rey et al. (2012) were able 
to limit the growth of psychrotrophic bacteria in clams, oysters and mussels during 
storage for 6 days using ozonized slurry ice and flaked ice.
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Concerning microbiological quality, i.e. TVC, Enterobacteriaceae and psychro-
trophic bacteria abundances, “unacceptable” levels were reached long after usual 
consumption period of clams.

In terms of sensory acceptability, depurated and non-depurated raw clams 
(Fig.  3.7a) exhibited similar median times to rejection, t50, 8.74  ±  0.56 d vs. 
7.24 ± 0.56 d respectively. Moreover, on day 10, panelists characterized the clams’ 
fresh, algae odor as very weak (scores of 1.2 vs. 4.2 on day 0) and noticed weak 
odors of ammonia and sulfides (scores of 1.54 and 1.3 vs. 0) in both depurated and 
non-depurated clams. In terms of appearance/color, clams were much less bright 
(scores of 2.8–2.9 vs. 4.3 on day 0) and lost their ivory hue (2.7–2.8 vs. 4.4), becom-
ing milky (2.2–2.3 vs. 1.5) and yellowish (1.5–1.8 vs. 0.5). Similar findings for 
median time to rejection, t50, were obtained when assessing cooked clams (Fig. 3.7b), 
8.72 ± 0.62 d vs. 7.84 ± 0.62 d respectively for depurated and non-depurated clams. 
Changes in organoleptic attributes were also similar but less pronounced in terms of 
appearance/color.

In the study of Gonçalves et al. (2009) with live depurated R. decussatus clams 
stored for 6  days, panelists scored specimens at unacceptable levels on day 6, 
describing specimens’ sensory attributes analogously to what was found herein, 
both in raw and in cooked samples. Moreover, Rey et  al. (2012) found Spring-
collected, depurated clams, oysters and mussels kept in ozonized slurry ice and 
flake ice to be acceptable for 4 days in terms of odor, appearance, taste and juici-
ness. Herein, both depurated and non-depurated clams were considered acceptable 
for relatively longer periods, plus 3–4 days.

3.4  �Conclusion

The survival (t50) of depurated and non-depurated clams stored chilled was similar, 
ca. 13 vs. 12 days, while their CI and PE changed relatively little (ca. 55–61% and 
18–20% respectively). Also, during storage, pH decreased in the first 1–2  days, 
markedly in non-depurated clams (from ca. 6 to 5) and then gradually increased to 
values >7 on days 23–25. Concurrently, TVB-N increased exponentially in both 
depurated and non-depurated clams, exceeding EU limits by day 20. The initial 
microbial load was fairly low, 2 log cfu/g (Enterobacteriaceae and psychrotrophic 
bacteria) to 4 log cfu/g (TVC). Expectedly, after depuration microorganisms’ abun-
dance decreased, more pronouncedly (1–2 log cfu/g) in TVC and psychrotrophic 
bacteria. Afterward, abundances grew substantially to 5 log cfu/g at day 24. 
Enterobacteriaceae abundance remained constant till day 20 and then increased 
sharply. Similar dynamics of microorganisms’ abundance were found for non-
depurated clams but at comparatively higher abundances. In terms of sensory qual-
ity, the acceptability of depurated and non-depurated clams was similar to 
t50 ≈ 7–8 days, in both raw and cooked specimens.
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Fig. 3.7  Sensory acceptability of depurated vs. non-depurated (a) raw and (b) cooked clams 
R. decussatus (mean ± SD, n = 30 per treatment)

3  Effects of Depuration on Subsequent Deterioration and Shelf Life of Cultured…



60

In sum, depuration affected in different ways the level but not the general dynam-
ics of the quality parameters assessed during chilled storage of clams. However, 
eventual safety issues emerge long after habitual storage time and panelists’ sensory 
rejection. Furthermore, our results indicate that the general belief among clam farm-
ers that depuration decreases markedly the condition and quality of the specimens, 
lowering their marketability and economic revenue is not substantiated, reinforcing 
the importance of depurating bivalves as a means to ensure public health.
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