
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=wafp20

Download by: [Institut Za Oceanografiju I], [Slaven Jozić] Date: 06 July 2017, At: 23:11

Journal of Aquatic Food Product Technology

ISSN: 1049-8850 (Print) 1547-0636 (Online) Journal homepage: http://www.tandfonline.com/loi/wafp20

The Effect of Intravalvular Liquid Loss on Changes
in Escherichia coli Levels in Live, Refrigerated
Mussels (Mytilus galloprovincialis)

Slaven Jozić, Katarina Milanković, Tea Brajčić, Mladen Šolić, Danijela Šantić &
Marin Ordulj

To cite this article: Slaven Jozić, Katarina Milanković, Tea Brajčić, Mladen Šolić, Danijela Šantić &
Marin Ordulj (2017) The Effect of Intravalvular Liquid Loss on Changes in Escherichia coli Levels in
Live, Refrigerated Mussels (Mytilus galloprovincialis), Journal of Aquatic Food Product Technology,
26:4, 491-500, DOI: 10.1080/10498850.2016.1214655

To link to this article:  http://dx.doi.org/10.1080/10498850.2016.1214655

Accepted author version posted online: 29
Jul 2016.
Published online: 29 Jul 2016.

Submit your article to this journal 

Article views: 56

View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=wafp20
http://www.tandfonline.com/loi/wafp20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/10498850.2016.1214655
http://dx.doi.org/10.1080/10498850.2016.1214655
http://www.tandfonline.com/action/authorSubmission?journalCode=wafp20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=wafp20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/10498850.2016.1214655
http://www.tandfonline.com/doi/mlt/10.1080/10498850.2016.1214655
http://crossmark.crossref.org/dialog/?doi=10.1080/10498850.2016.1214655&domain=pdf&date_stamp=2016-07-29
http://crossmark.crossref.org/dialog/?doi=10.1080/10498850.2016.1214655&domain=pdf&date_stamp=2016-07-29


The Effect of Intravalvular Liquid Loss on Changes in Escherichia
coli Levels in Live, Refrigerated Mussels (Mytilus galloprovincialis)
Slaven Jozića, Katarina Milankovića, Tea Brajčića, Mladen Šolića, Danijela Šantića

and Marin Orduljb

aInstitute of Oceanography and Fisheries, Split, Croatia; bUnivesity of Split, University Department of Marine Studies,
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ABSTRACT
We investigated the effect of intravalvular liquid loss on changes in
Escherichia coli (E. coli) levels in mussels (Mytilus galloprovincialis) harvested
in different seasons and refrigerated (5°C) for 72 hours. A positive effect of
seawater temperature at the time of harvesting on intravalvular liquid loss
was found. No changes in E. coli levels in mussels (flesh and intravalvular
liquid), as the result of intravalvular liquid loss, were observed. Levels of E.
coli in the flesh decreased, probably as a result of cells dying off, causing
the maintenance of E. coli levels in flesh and intravalvular liquid to be stable
throughout storage.
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Introduction

Shellfish have been recognized as an important vector of many viral and bacterial waterborne
pathogens (Rippey, 1994). In the European Union (EU), microbiological quality of shellfish, as
well as assessment of the hygiene status of shellfish harvesting areas, is based on Escherichia coli (E.
coli) levels in the shellfish in the areas with established monitoring programs. When placed on the
market, live bivalve mollusks must be accompanied by a waterproof label bearing the date of
minimum durability, which may be replaced by the entry “these animals must be alive when sold”
(CEC, 2004a). In order to protect consumers from waterborne diseases, E. coli levels in shellfish
intended for human consumption should not increase during the defined period of storage.
Furthermore, to reflect a real hygiene status of shellfish harvesting areas, E. coli levels in shellfish
samples should not change during transport and storage before they can be analyzed in laboratories.
Since many countries still do not have a well-established laboratory network, shellfish samples are
often delivered to the laboratories from relatively remote places or just before the weekend,
inevitably causing a significant delay before analysis.

The growth and/or mortality of microorganisms in foodstuffs is related to both time and
temperature of storage (CEFAS, 2014). In order to avoid E. coli level increases in shellfish during
transport and storage, the EU working group on the microbiological monitoring of bivalve mollusks
harvesting area in 2006 released Guide to Good Practice. This Guide is based on previous investiga-
tions (Lart and Hudson, 1993; CEFAS, 2008), in which the effects of time and temperature on the E.
coli content of live bivalve mollusks were studied. In these studies, as well as in some others,
relatively stable levels of E. coli and other fecal coliform bacteria in shellfish stored up to 72 hours
at 2–10°C were found (Kelly and Arcisz, 1954; Hoff et al., 1967; Hood et al., 1983). Taking into
account the variations in results caused by some disadvantages of the most probable number (MPN)
method, in many cases, an evident slight increase or even a decrease in E. coli levels after 24 h was
found. Considering that the majority of E. coli cells are concentrated in mussels’ digestive tracts
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(Minet et al., 1987; Power and Collins, 1990), the increase in E. coli levels during storage might be
attributed to intravalvular liquid loss caused by the anoxic and temperature stress, which can change
the relative tissue–intravalvular liquid ratio.

In this article, the simultaneous effect of the temperature of seawater at the time of harvesting
(sampling), storage time, method of accommodation in the containers, and the intravalvular liquid
loss on E. coli levels in mussels during 72 hours of 5°C storage were studied.

Materials and methods

Sample collection and preparation for analysis

Mussels used in the experiments were collected from the shellfish garden near Split, classified as class
A (≤230 E. coli/100 g of flesh and intravalvular liquid, CEC, 2004b). The collection of bivalves was
performed seasonally at three different seawater temperature ranges: 12–13°C, 18–19°C, and 24–25°
C. The mussel shells were carefully cleaned to protect byssal threads and shells from damage. The
specimens of commercial size (60–70 mm) were placed in baskets and returned to the same area
where they were harvested. After seven days, only mussels that were in good condition (tightly
closed) were packed in standard mussel nets and placed overnight (10 hours) in seawater. The
contaminations were carried out in the areas near sewage outfalls, which were similar in temperature
and salinity (35.0–36.5 practical salinity unit (psu)) to the harvesting area. After contamination,
mussels were carried to the laboratory as soon as possible, following the procedure of shellfish
sample transport recommended by Lart and Hudson (1993) and ISO (2003). The transport time did
not exceed one hour.

The mussels were mixed and divided into three batches (triplicates). After taking subsamples
in order to determine the initial E. coli concentrations, the intravalvular liquid contents, and the
pH values, the mussels were distributed into separate plastic containers, with 15 animals per
container.

In the first set of experiments (three for each of the chosen temperature intervals), the containers
with mussels from each batch were divided into two groups. In the first group, mussels were placed
in a single layer lateral position in order to minimize intravalvular liquid loss. In the second group,
mussels were randomly bulked, as usually done during storage. The samples were then stored in the
refrigerator at 5°C. Three containers of mussels from each group were tested after 24, 48, and 72
hours. Plastic containers were closed with lids but were not airtight.

After the shell length was measured and valve tightness was roughly estimated, the mussels were
opened carefully without causing soft tissue damage. While opening the valves, the adductor muscle
strength was also roughly estimated.

The flesh and intravalvular liquid were carefully separated and weighed. The intravalvular liquid
content (WIL (%)) was measured as:

WIL %ð Þ ¼ WIL=WFILð Þ � 100
where WIL(g) = intravalvular liquid weight, WFIL(g) = total mussel flesh and intravalvular liquid
(FIL) weight.

The intravalvular liquid loss (WLOSS (%)) was calculated as:

WLOSS %ð Þ ¼ WLOSS= WLOSS þWFILð Þð Þ � 100
where WLOSS (g) = the weight of released intravalvular liquid remaining in the plastic container.

The second set of experiments was performed with mussels collected at seawater temperatures of
12°C and 21°C. Unlike the first set, the mussels were stored only randomly bulked. E. coli
concentrations and pH values were measured in the flesh, the intravalvular liquid, and in the FIL
separately.
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Mussels analysis

E. coli determination
E. coli in mussels was determined using the most probable number (MPN) method according to
ISO/TS 16649–3 (ISO, 2005). Five tubes per dilution were used. In order to absorb the variations in
results caused by MPN method variability, E. coli concentrations are shown as a common logarithm
of E. coli concentration data (log MPN E. coli/100 g).

pH measurements
pH values of intravalvular liquid, blended flesh, and blended FIL were measured using a Sartorius
PB-11 (Germany) pH meter equipped with combined pH electrode PY–P11.

In situ measurements

The temperature and salinity of the seawater at the time of sampling were measured in situ, using a
hand probe YSI 63 (USA).

Data analysis

Data were processed using statistical package Statistica 8.0 (StatSoft Inc., Tulsa, OK, USA, 2007).
Analysis of variance (ANOVA), t-test, and linear regression were performed with an alpha value
of 0.05.

Results

Mussels’ size and condition

In this study, more than 4,000 mussels of uniform size were analyzed. The average length of the
mussels was 64.5 mm ± 3.6 mm. Variations in the size of the mussels across all experiments at three
different seawater temperatures were not significant. Regardless of the temperature at the time of
harvesting, the adductor muscles were strong in all mussels at the beginning of the experiments.
Although adductor muscles weakened in all mussels with storage time, more tightly closed valves
and stronger adductor muscles were observed in mussels harvested at lower temperatures.

E. coli in mussels

The initial E. coli concentrations in all experiments were relatively high, corresponding to B (<3.7 log
E. coli/100 g) and C (<4.7 log E. coli/100 g) classes of shellfish production/harvesting areas (CEC,
2004b), with the exception of the second experiment at 24°C (Figure 1c) where the initial value
exceeded the C class limit and reached 5.4 log E. coli/100 g.

In all experiments of the first set, with an exception of the second experiment at 12°C (Figure 1a),
relatively low variations among the replicates were found. Despite constant fluctuations, no sig-
nificant changes or distinct trends in E. coli levels in the mussels during 72 hours storage at 5°C were
found. The exception was the second experiment at 12°C, where a decreasing trend was observed
(Figure 1a), but since high variations among replicates were recorded, the changes in E. coli levels
were not significant. The effect of mussels’ accommodation method during storage on the E. coli
concentration was not significant. The differences in E. coli concentrations between mussels placed
laterally in single layer and those randomly bulked were negligible and without any clear pattern
(Figure 1).

The results of the second set of experiments showed significantly higher E. coli concentrations in
the flesh than in the intravalvular liquid (Figure 2). E. coli levels in wet flesh surpassed those in
intravalvular liquid by 7.6- to 22.8-fold. While E. coli concentrations in FIL were relatively stable,

JOURNAL OF AQUATIC FOOD PRODUCT TECHNOLOGY 493



Figure 1. E. coli level changes (mean ± SD; n = 3) in the flesh and intravalvular liquid (FIL) of mussels harvested from 12°C (a), 18°C
(b), and 24°C (c) seawater and stored at 5°C for 72 hours.

Figure 2. E. coli level changes (mean ± SD; n = 3) in mussels harvested from 12°C (a) and 21°C (b) seawater and stored at 5°C for
72 hours.
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with an exception after 24 h in the second experiment at 12°C, those in flesh showed a tendency to
decrease. The mean slope recorded at 12°C (b = –0.019) was lower than at 21°C (b = –0.035). In all
experiments, no consistent patterns in the change of E. coli levels in intravalvular liquid were found.

Intravalvular liquid loss

The initial intravalvular liquid content in freshly harvested mussels was 66% at 12°C in March, 62%
at 18°C in May, and 70% at 24°C in September, and decreased at the end of experiments to 62%,
54%, and 58%, respectively. Since the effect of the mussels’ accommodation method during storage
was not significant on intravalvular liquid loss, all data were analyzed together.

Intravalvular liquid loss increased linearly (R = 0.68–0.84) during the storage period, and it was in
a positive correlation with the temperature of the surrounding seawater at the time of mussel
harvesting (Figure 3). Depending on the seawater temperature, the maximum loss at the end of
the storage period reached 5.3–14.1% of the total FIL weight.

pH value

The initial mean pH values of FIL in the first set of experiments ranged from 6.24 to 6.51. The pH
fluctuated slightly during the entire storage period without significant changes or distinct tendencies
(Table 1). The pH values of separate mussel parts (flesh, intravalvular liquid, and flesh–intravalvular
liquid mixture) in the second set of experiments also fluctuated slightly during the entire storage
period without significant changes (Table 2). As expected, the highest pH values were recorded in
the intravalvular liquid, since it consists mostly of the surrounding seawater, pH value of which
ranged from 7.94 to 8.05.

Discussion

The effect of mussels’ size and period of contamination on E. coli levels

The accumulation of indicator bacteria in bivalves is a complex process that is mainly a function of
filtration rate and the efficiency of particle retention. Both filtration rate and the efficiency of particle
retention depend on many factors, including bivalve size. Under the same environmental conditions
and concentration of indicator bacteria in seawater, bivalves of different sizes can accumulate
different levels of indicator bacteria that can result in significant variations in results. Relatively

Figure 3. Intravalvular liquid loss (WLOSS) in mussels stored at 5°C for 72 hours.
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low variations in E. coli concentrations among replicates in this study were probably a result of the
insignificant variations in mussel size. A positive correlation between filtration rates and bivalve size
was found in earlier studies (Winter, 1973; Riisgård and Møhlenberg, 1979; Okumuş et al., 2002).

Apart from the uniform size of the mussels, these low variations in E. coli concentrations were
partly a result of sufficiently long periods (10 hours) of constant accumulation, in which all
individual mussels were able to reach homogenous levels of contamination (Beucher, 1993, as
cited in Campos et al., 2013). Mussels accumulate indicator bacteria to the maximum levels (plateau)
(Birkbeck and McHenery, 1982; Marino et al, 2005; Šolić et al., 2010), which are, among other
factors, limited by bacterial concentrations in seawater. After reaching plateau levels, which are
found to be in a strong positive correlation to the indicator bacteria concentrations in seawater
(Cabelli and Heffernan, 1970; Šolić et al., 1999; Jozić et al., 2012), indicator bacteria concentrations
in mussels oscillate slightly (Bernard, 1989; Jozić et al., 2012).

E. coli levels in mussels

Relative stability of E. coli levels in mussels throughout the entire storage period was consistent with
the results of previous studies. Mussels (Mytilus edulis) held at 4°C, 10–13°C, and 19–22°C had no
changes in E. coli concentrations during three days of 4°C storage (Lart and Hudson, 1993). Experts
at CEFAS (2008) carried out two sets of experiments using four different bivalve species: mussels
(Mytilus edulis), Pacific oysters (Crassostrea gigas), cockles (Cerastoderma edule), and manila clams
(Tapes philippinarum). The results of their first set of trials showed that the effect of a 72-hour
storage time on the E. coli level at 4°C and 15°C was not significant for either mussels or oysters. In
the second set of trials, the results indicated a general trend toward lower results with time, although
the differences were not significant. The relatively stable levels of indicator bacteria in different
bivalve species during three to five days of storage at 1–10°C have been reported (Hoff et al., 1967;
Hood et al., 1983; Cook and Ruple, 1989).

Table 1. pH values (mean ± SD; n = 9) of flesh and intravalvular liquid (FIL) for mussels harvested from 12°C, 18°C, and 24°C
seawater and stored at 5°C for 72 hours.

Temperature
(ºC) Storage method

Storage time (hours)

0 24 48 72

12 B 6.51 ± 0.17 6.38 ± 0.09 6.41 ± 0.06 6.47 ± 0.08
L 6.51 ± 0.17 6.35 ± 0.10 6.37 ± 0.07 6.39 ± 0.17

18 B 6.45 ± 0.05 6.45 ± 0.10 6.33 ± 0.09 6.37 ± 0.10
L 6.45 ± 0.05 6.49 ± 0.10 6.36 ± 0.09 6.35 ± 0.08

24 B 6.31 ± 0.07 6.30 ± 0.10 6.30 ± 0.07 6.30 ± 0.02
L 6.31 ± 0.07 6.28 ± 0.09 6.24 ± 0.15 6.27 ± 0.08

B–bulked; L–laterally placed

Table 2. pH values (mean ± SD; n = 9) of flesh (F), intravalvular liquid (IL), and flesh and intravalvular liquid (FIL) for mussels
harvested from 12°C and 21°C seawater and randomly bulk stored at 5°C for 72 hours.

Temperature (ºC) Sample

Storage time (hours)

0 24 48 72

12 F 6.39 ± 0.08 6.42 ± 0.01 6.41 ± 0.07 6.37 ± 0.05
IL 7.28 ± 0.23 7.24 ± 0.14 7.08 ± 0.02 7.12 ± 0.07
FIL 6.56 ± 0.08 6.64 ± 0.01 6.60 ± 0.06 6.66 ± 0.27

21 F 6.30 ± 0.09 6.27 ± 0.01 6.33 ± 0.02 6.34 ± 0.01
IL 7.16 ± 0.01 7.05 ± 0.06 7.02 ± 0.04 7.08 ± 0.04
FIL 6.48 ± 0.03 6.45 ± 0.12 6.45 ± 0.08 6.47 ± 0.07
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The effect of water loss on E. coli levels

Increased levels of indicator bacteria, including E. coli, are found mainly in bivalves kept at
higher temperatures. Lart and Hudson (1993) suggest mussel desiccation, which is confirmed by
the rise of the percentage dry weight of the homogenate, as one possible explanation for the
increase in counts at 20°C. Measuring oxygen depletion in the intravalvular water in mussels
(Mytilus galloprovincialis) kept air-stored for 72 hours at 0°C and 5°C, Angelidis (2007) showed
8.8% and 12% intra-water loss, respectively. In the present study, a similar water loss was
recorded (5.3–14.1%) and was positively correlated with seawater temperature at the mussels’
harvesting time. Since the period in which mussels were transported from seawater to refrigerator
was short, this correlation is probably the result of stress caused by sudden temperature change.
Greater temperature changes caused greater stress and consequently greater liquid release in
mussels. The weakening of the adductor muscles during the storage period, which was observed
while opening the mussel valves, supports this assumption; this was more pronounced in mussels
harvested at higher seawater temperatures.

Being ectothermic organisms, bivalves are not capable of regulating their body temperature and
consequently have temperature-regulated physiological processes. When animals are subjected to a
sudden change in temperature, they experience a physiological stress and respond by acclimation:
gradually adjusting oxygen consumption rate to a level comparable to that occurring before the
temperature changed. During aerial exposure, bivalves can suffer additional stress, hypoxia, char-
acterized by significantly lower oxygen consumption rate (Gosling, 2015). It is important to note that
bivalves are capable of utilizing oxygen from the air; they open their valves slightly, sufficient to
allow air access to the surface of intravalvular liquid trapped in the mantle cavity. Air-gaping is
probably an adaptation for aerial respiration with desiccation as an unavoidable side effect (Lent,
1968). In addition to constant intravalvular liquid loss, prolonged air exposure can lead, among other
things, to weakening of the adductor muscle and easier valve opening (Galstoff, 1964).

The recorded release of intravalvular liquid, which was 7.6- to 22.8-fold lower in E. coli levels
compared to mussel flesh, should theoretically cause a relative increase in FIL E. coli levels. Our
results indicate that a significant intravalvular liquid loss did not result in any notable change in E.
coli levels in FIL. Relatively stable E. coli values in FIL were also found in the second set of
experiments, but a decrease in E. coli values in the flesh was observed. Since the release of E. coli
cells from mussels’ flesh to intravalvular liquid was not recorded (the MPN of E. coli in the
intravalvular liquid did not increase), its reduction in the flesh could be explained only by cells
dying off.

This assumption is based on the relatively low stability of E. coli in estuarine waters. After
entering the sea, E. coli cells are exposed to the impact of a very hostile environment. That impact
is reflected in the negative effect of many abiotic and biotic factors, with dominating effect of pH
(Carlucci and Pramer, 1960; Šolić and Krstulović, 1992), salinity (Anderson et al., 1979; Fujioka
et al., 1981; Šolić and Krstulović, 1992), temperature (Gameson, 1986; Sinton et al., 1994), and
particularly solar radiation (Davies-Colley et al., 1994; Sinton et al., 1994; Jozić et al., 2014). Due to
their minor adaptation capacity to marine conditions, E. coli cells suffer a sublethal stress and enter a
dormant, viable but nonculturable state, in which they can still maintain some metabolic activity
(Anderson et al., 1979; Kapuscinski and Mitchell, 1981; Barcina et al., 1997). With the prolonged
exposure, particularly in the presence of solar radiation, E. coli cells are irreversibly inactivated and
they die (Fujioka and Narikawa, 1982).

The pH values of mussel flesh and intravalvular liquid in all experiments did not change
significantly at the end of storage period, which is in accordance with other studies (Pastoriza
et al., 2004; Bernárdez and Pastoriza, 2011). Although pH values were within the E. coli’s optimum
range 5.5–7.5 (McFeters and Stuart, 1972; Šolić and Krstulović, 1992), the alkalinity (7.94–8.05) of
seawater in the area where the mussels were contaminated probably contributed to the E. coli cells’
stress. Since the contamination of mussels had always been in areas with stable salinity (35.0–36.5
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psu) and pH values, the stress of E. coli cells caused by these factors should be similar in all
experiments, irrespective of the season. The differences in E. coli die-off rates in mussel flesh
recorded in mussels harvested in two opposite seasons were probably the result of different effects
of season-dependent factors, seawater temperature, and solar radiation on the intensity of E. coli
cells’ stress. In warmer periods of the year, before being filtered by bivalves, E. coli cells in seawater
are pre-exposed to more intensive solar radiation and higher temperatures compared to colder
periods. Suffering higher stress and injury, such cells are more sensitive and die more rapidly
(Anderson et al., 1983; Jozić et al., 2014). Although the impact of higher temperatures is not
negligible, a significantly higher contribution to the increase in cell injury can be attributed to the
effect of more intensive solar radiation. Depending on its intensity, solar radiation reduces T90 (the
time required to reduce cell culturability by 90%) of E. coli cells up to 70-fold, compared to T90 in the
absence of solar radiation (Fujioka et al., 1981; Jozić et al., 2014).

A logically expected higher increase in E. coli levels in FIL during storage, as a consequence of a
greater intravalvular liquid loss during the warmer periods of the year, was probably compensated
for by a higher E. coli die-off rate in mussel flesh during those periods. This resulted in a relatively
stable E. coli level in FIL of stored mussels.

Conclusion

During three days of 5°C storage, the mussels were constantly losing their intravalvular liquid. The
maximum loss at the end of the storage period was a function of temperature change-induced stress,
reaching 5.3–14.1% of the total flesh and intravalvular liquid weight. The levels of indicator bacteria
E. coli in wet flesh surpassed those in intravalvular liquid by 7.6- to 22.8-fold. Although significant,
intravalvular liquid loss did not influence a corresponding increase in E. coli levels in flesh and
intravalvular liquid. The expected increase in E. coli levels probably compensated for a decrease in E.
coli levels in the flesh, which was observed when analyzed separately. Finally, mussels stored at 5°C
for three days kept the same microbiological quality and represented the hygiene status of shellfish
harvesting areas as well as mussels analyzed immediately upon receipt in the laboratory.
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