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This study aimed at determining bacterial concentration and diversity in fresh tropical shrimps (Penaeus notialis)
and their surrounding brackish waters and sediment. Freshly caught shrimp, water and sediment samples were
collected in Lakes Nokoue and Aheme in Benin (West Africa) during two periodswith differentwater salinity and
temperature. We used complementary culture-dependent and culture-independent methods for microbiota
analysis. During both sampling periods, total mesophilic aerobic counts in shrimp samples ranged between 4.4
and 5.9 log CFU/g and were significantly higher than in water or sediment samples. In contrast,
bacterial diversity was higher in sediment or water than in shrimps. The dominant phyla were Firmicutes and
Proteobacteria in shrimps, Firmicutes, Proteobacteria, and Actinobacteria in water, and Proteobacteria and
Chloroflexi in sediment. At species level, distinct bacterial communities were associated with sediment, water
and shrimps sampled at the same site the same day. The study suggests that the bacterial community of tropical
brackish water shrimps cannot be predicted from themicrobiota of their aquatic environment. Thus, monitoring
of microbiological quality of aquatic environments might not reflect shrimp microbiological quality.

© 2015 Elsevier B.V. All rights reserved.
1. Introduction

Tropical brackish waters are endowedwith highly diversified aquat-
ic resources, which play a vital role in providing animal protein and
income for the population (Adite and Van Thielen, 1995; Villanueva
et al., 2006). Shrimps (Penaeus spp.) are one of the fishery products
caught from brackish waters, processed and exported to Europe as fro-
zen shrimp (Dabadé et al., 2014; Ziegler et al., 2011). Ensuring shrimp
quality and safety for export is a big concern to shrimp stakeholders.
The type and concentration of bacteria associated with a frozen product
depend not only on the conditions under which the product is handled
and stored but also on the initial product quality (Laplace-Builhé et al.,
1993). Shrimps die soon after being caught and they can be contaminat-
edwith bacteria from their endogenousmicrobiota as well as from their
environment (Jaffres et al., 2009).

The documentedmicrobiota of freshly caught shrimps varies accord-
ing to shrimp species and origins. For example, Vanderzant et al. (1971)
found that coryneform bacteria were the dominant microorganisms in
pond-reared shrimps (Penaeus aztecus) from the west Galveston Bay
Besten).
(USA). Flavobacterium and Planococcus were found to be the most
dominant microorganisms associated with Penaeus shrimps harvested
from Florida's coasts (USA) (Alvarez, 1983). Moraxella, Micrococcus
and Pseudomonaswere the dominant microorganisms in fresh shrimps
(Penaeus merguiensis) harvested in Pakistan tropical waters (Shamshad
et al., 1990). Using culture-independent methods, Liu et al. (2011)
showed that Vibrio species were the most abundant microorganisms
in the intestinal tract of Chinese shrimps (Fenneropenaeus chinensis).
Chaiyapechara et al. (2012) found differences in the microbiota of
the intestinal tract of shrimps (Penaeus mondon) reared at the same
site in Thailand, but the dominant microorganisms were Vibrio,
Photobacterium, or Aeromonas.

To check for shrimp contamination, microbiological analysis is
performed mainly on processed shrimps using plating methods (FVO,
2003). Thus, little is known about the diversity and concentration of
bacteria associated with freshly caught shrimps. In this study, we
aimed at determining bacterial diversity and concentration in shrimps
(Penaeus notialis) caught from tropical brackish waters using a combi-
nation of culture-dependent and culture-independent approaches.
The relationship between the microbiota of the shrimps and that of
the surroundingwaters and sedimentwas also investigated. Knowledge
of the types of bacteria associated with shrimp and their initial concen-
trations is of importance to develop strategies and tools for a better
shrimp quality and safety management.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.ijfoodmicro.2015.11.013&domain=pdf
http://dx.doi.org/10.1016/j.ijfoodmicro.2015.11.013
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2. Materials and methods

2.1. Field sites and sample collection

The main shrimp fishing areas in Benin, i.e. Lake Nokoue and
Lake Aheme (Dabadé et al., 2014) were targeted. Lake Nokoue (6°20′–
6°30′N, 2°20′–2°35′E) has 150 km2 surface area and a depth of 1–3 m
(Gadel and Texier, 1986; Villanueva et al., 2006). Lake Aheme (6°20′–
6°40′N, 1°55′–2°E) has 85 km2 surface area and a depth of 1–2.2 m
(Maslin and Bouvet, 1986;Maslin and Pattee, 1989). Both lakes are con-
nected with the Atlantic Ocean as well as to rivers (fresh water) from
the North (Fig. S1). The salinity of the lakes varies from close to 0‰
during the flood season of the rivers up to 30‰when the rivers recede
(Lalèyè et al., 2003; Maslin and Bouvet, 1986). Water, sediment and
shrimps were collected from three sites in Lake Nokoue and two sites
in Lake Aheme in August 2011 (Fig. S1). In June 2012, two of the three
sites in Lake Nokoue sampled in 2011 (N1 and N3, Fig. S1) and one of
the two sites in Lake Aheme sampled in 2011 (A1, Fig. S1) were again
sampled. The choice of the sites sampled in June 2012 was based on
the comparison of the preliminary results (bacterial counts and DGGE
profiles) of the sites sampled in August 2011. In each sampling site,
water, sediment and shrimps were sampled in duplicate from two
spots (four samples of each water, sediment and shrimp per site).
Shrimps were collected directly from the fishing nets using sterile
hand gloves, and put in sterile polyethylene bags. The gloves were
changed between samples. Water samples were collected at 50 cm
below the water surface and the sediments were collected at their sur-
face. Thewater parametersmeasured included salinity, pH and temper-
ature (Table 1). Collected samples were immediately cooled on ice and
transported to the laboratory to arrive within 2 h.

2.2. Enumeration and isolation of microorganisms

Whole shrimps (2–3 individuals per sample) were aseptically cut
into small pieces. Cut shrimps or sediment samples of 25 g each were
transferred aseptically to stomacher bags and diluted 10 times in phys-
iological saline peptone solution (0.85% NaCl (SIGMA, St. Louis, MO,
USA), 0.1% peptone (OXOID, Basingstoke, UK)). The mixture was ho-
mogenized for 60 s using a stomacher (Seward Laboratory Stomacher
400, England) to obtain the primary dilution from which appropriate
decimal dilutions were prepared. For the water samples, decimal dilu-
tions were prepared directly from the samples.

Aerobic mesophilic plate counts were enumerated on plate count
agar (PCA, OXOID) incubated at 30 °C for 48 h and were reported
as total viable count (TVC). Enterobacteriaceae were enumerated on
pour plates of violet red bile glucose (VRBG, OXOID) agar overlaid
with the samemedium, incubated at 37 °C for 24 h. Oxidase and glucose
fermentation tests were carried out on presumptive colonies of Entero-
bacteriaceae and confirmed counts were reported as Enterobacteriaceae.
Pseudomonas spp. were enumerated on spread plates of Pseudomonas
agar base (OXOID) supplementedwith cetrimide, fucidin, and cephalor-
idine (CFC) (OXOID), incubated at 25 °C for 48 h. Oxidase test was per-
formed on presumptive colonies of Pseudomonas spp. and confirmed
countswere reported as Pseudomonas spp.Vibrio spp. were enumerated
on spread plates of thiosulfate citrate bile salt sucrose agar (TCBS,
Table 1
Parameters of the lake waters during sampling in June and in August (mean ± standard
deviation).

Parameters August (2011) June (2012)

Lake Nokoue
(n = 12)

Lake Aheme
(n = 8)

Lake Nokoue
(n = 8)

Lake Aheme
(n = 4)

Salinity (‰) 2.5 ± 0.5 2.9 ± 0.6 12.9 ± 0.1 13.8 ± 0.5
pH 7.6 ± 0.2 7.7 ± 0.1 7.7 ± 0.2 7.8 ± 0
Temperature (°C) 24.2 ± 0.4 24.8 ± 0.3 26.8 ± 0.3 27.0 ± 0.4
OXOID) incubated at 30 °C for 72 h. H2S-producing bacteria were enu-
merated on double layered plates of Iron Agar supplemented with
0.04% L-cysteine (SIGMA) as previously described (Gram et al., 1987).
Iron agar plates were incubated at 25 °C for 72 h and black colonies
were counted as H2S-producing bacteria. To enumerate spore forming
bacteria, 5 mL of the primary dilution of shrimp or sediment samples
and 5 mL of water samples were heated in sterile tubes for 10 min at
80 °C to kill vegetative cells. Appropriate decimal dilutions were made
from the heated samples. Spore forming bacteria were enumerated on
plate count agar (PCA, OXOID) with overlay of 1.5% agar and incubated
at 30 °C for 48 h. Lactic acid bacteria (LAB)were enumerated on double-
layered plates of deMan, Rogosa and Sharp agar (MRSA) (OXOID) incu-
bated at 30 °C for 72 h. Gram stain and catalase test were performed to
confirm LAB, and confirmed counts were reported as LAB. Counts were
made in the four samples from each site and the results were expressed
as the means ± standard deviation (n = 4).

Also, from PCA plates, colonies were picked randomly and streaked
onto tryptone soya agar (TSA) (OXOID) plates for purification. For fur-
ther molecular identification, purified colonies were stored at −80 °C
in 30% glycerol and tryptone soya broth, except for LAB, which were
stored in 30% glycerol and MRS broth.

2.3. DNA extraction

Genomic DNA was extracted from sediment samples (10 g wet
weight per sample) using UltraClean Mega Prep Soil DNA kit (Mo Bio
Laboratories, Inc., Solana Beach, CA, USA) following the manufacturer's
protocol. The UltraClean water DNA Isolation kit (0.22 μm filters) (Mo
Bio Laboratories, Inc., Loker Ave West, Carlsbad, CA, USA) was used to
extract genomic DNA from water samples. The water samples were
firstfiltered using0.22 μmfilters and theDNA extractionwas performed
following the manufacturer's protocol. Microbial genomic DNA extrac-
tion from whole shrimp matrix was performed by a combination of
low and high speed centrifugation protocol followed by DNA purifica-
tion using DNeasy Tissue Kit (Qiagen, Westburg b.v., The Netherlands)
as previously described (Hovda et al., 2007; Rudi et al., 2004). DNA ex-
traction from colonies randomly isolated from PCA was performed fol-
lowing the protocol described in the genomic DNA purification kit
(Promega Corporation).

2.4. PCR and DGGE analysis

In each sampling site, water, sediment and shrimps were sampled
in duplicate from two spots, and the genomic DNA isolated from the
duplicate samples (per spot) was pooled per site. The genomic DNA
was used as template to amplify the V6–V8 region of the conserved
16S rRNA gene of bacteria using the set of primers previously described
(Nubel et al., 1996). PCRmixture of 50 μl wasmade by addition of 1 μl of
DNA template and 0.4 μMof each primer to a ready-to-use solution PCR
master mix (Promega Corporation). The amplification conditions were
as follows: initial denaturation of double stranded DNA at 94 °C for
5 min, then 35 amplification cycles with denaturation at 94 °C for 20 s,
primer annealing at 56 °C for 20 s, and extension at 72 °C for 1 min,
and a final extension at 72 °C for 7 min followed by cooling at 4 °C.
DGGEwas applied to the PCR products using the Dcode System appara-
tus (Bio-Rad) as previously described (Martin et al., 2007;Muyzer et al.,
1993). The DGGE gels were silver-stained as previously described
(Sanguinetti et al., 1994), dried overnight at 55 °C and digitized using
a GS 800 calibrated Densitometer (BioRad).

Digitized DGGE gels were analyzed using BioNumerics software
7.1 (Applied Maths, Belgium). The DGGE gels were normalized and
a band matching analysis was performed. Similarity and dendrogram
of the DGGE profiles were created based on the Dice correlation coeffi-
cient and unweighted pair-group method with arithmetic averages
(UPGMA). To assess the structural diversity of microbial community,
Shannon index (H′) and Simpson index (1-D) were calculated as
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previously described (Thavamani et al., 2012) assuming that each band
is a bacterial species (Rahman et al., 2014)

H0 ¼ −
X

pi � ln pið Þ½ � ð1Þ

1−D ¼ 1−
X

p2i : ð2Þ

In both equations, Pi ¼ ni=N , with ni, the height of the peak, which
corresponds to the band intensity in the densitometric curves and N,
the sum of all peak heights of the bands in the densitometric curves.

The PCR conditions described above were also used to amplify the
16S rRNA gene of bacterial DNA extract from colonies randomly select-
ed from PCA plates using 8F (5′-AGA GTT TGA TCC TGG CTC AG-3′) and
1522R (5′-AAGGAGGTG ATC CAG CCG CA-3′) universal primers as pre-
viously described (Lima et al., 2012).

2.5. Clones libraries construction

Three clone libraries were constructed for shrimp samples: two
clone libraries for shrimp samples collected from the same site (N1) in
Lake Nokoue during August and June sampling, respectively, and one
clone library for shrimp samples collected during June sampling from
the site (A1) in Lake Aheme. To obtain insight into the relationship
between the microbiota of shrimps and that of their surroundings,
two clone libraries were constructed for water and sediment samples,
respectively collected at the same site (N1) and the same day (June
sampling) as the shrimp samples.

For each site, genomic DNA from the four samples was pooled.
Amplified 16S rRNAgene using 8F and 1522R universal primerswas pu-
rified and cloned in Escherichia coli JM109 High Efficiency Competent
Cells (Promega) as described by Lima et al. (2012). The expected size
(approximately 1500 bp) of the insert in recombinant colonies was
checked by PCRusing T7 and Sp6 pGem-T-specific primers as previously
described (Lima et al., 2012). At least 96 clones were randomly selected
for each clone library. An exceptionwas the clone library for the shrimp
samples collected from Lake Nokoue in August where only 60 clones
were selected due to an insufficient number of recombinant colonies.

2.6. Sequencing

Clones (480 in total) and the PCR products of the bacterial isolates
from the PCA plates (38)were sequenced (GATC Biotech) with the bac-
terial universal primer 27F (5′-AGAGTTTGATCMTGGCTCAG-3′).

2.7. Sequences analysis

The sequences were trimmed to 800 bp using Chromas v. 2.31
(Technelysium Pty Ltd.). Chimeric sequences were removed from the
clone libraries and bacterial isolate sequences using DECIPHER
(Wright et al., 2012). The Ribosomal Database (RDP) Classifier version
2.6, a naive Bayesian classification method (Wang et al., 2007) was
used to perform taxonomic classification of the clone libraries se-
quences at 80% confidence threshold. The open-source software
MOTHUR (Schloss et al., 2009) version 1.33 was used to assign the se-
quences to operational taxonomic units (OTUs) based on 97% sequences
similarity cutoff (0.03 distance threshold). Shannon index of diversity
(H′) and Simpson index of diversity (1-D) were determined using
MOTHUR. The percentage of coverage of the clone librarieswas calculat-
ed using Eq. (3). (Bai et al., 2012; Bekele et al., 2011).

C ¼ 1− n=Nð Þ½ � � 100 ð3Þ

where C is the library coverage (in percentage), n is the number of sin-
gletons and N is the total number of sequences.

The representative sequence of each OTUwas compared against the
GenBank database using the basic local alignment search tool (BLAST)
(Altschul et al., 1990). Phylogenetic analyses were conducted using
MEGA 5.1 (Tamura et al., 2011) for shrimp clone libraries. The
neighbor-joining method based on distance estimates calculated by
the Jukes–Cantor model was used to construct a phylogenetic tree,
which was bootstrap resampled 1000 times.

2.8. Statistical analysis

The difference in average levels of the groups of microorganisms
enumerated was assessed using a Student's two-tailed t-test or one-
way ANOVA (IMB SPSS Statistics 19.0) followed by Tukey's test as post
hoc comparison of means. Significance was accepted at P b 0.05.

2.9. Nucleotides sequences accession numbers

The sequences obtained in this study have been deposited in the
GenBank under the accession numbers KP181616–KP181650 (isolates)
and KP181651–KP182059 (clones).

3. Results

3.1. Enumeration of bacterial groups

Microbial concentrations in shrimp, water and sediment samples
are presented in Fig. 1. For shrimps sampled in August the average con-
centration of aerobic plate counts reported as total viable counts (TVC)
varied between 4.4 and 5.4 log colonies forming unit (CFU)/g (Fig. 1A).
The concentrations of Pseudomonas spp. and Vibrio spp. were similar
and varied between 3.6 and 4.5 log CFU/g. The concentration of H2S-
producing bacteria ranged between 3.2 and 4.0 log CFU/g, and for En-
terobacteriaceae the concentration varied between 1.4 log CFU/g in
sample A1-Aug. and 3.2 log CFU/g in sample N3-Aug. The average con-
centration of the different groups of microorganisms was significantly
higher in shrimp than in water (Fig. 1B) or sediment (Fig. 1C), except
for spore forming bacteriawhose concentrationwas significantly higher
in sediment.

In general, the average concentration of the different groups of mi-
croorganisms in shrimp or water samples was higher in June than in
August. The difference in the average concentration of the different
groups of microorganisms in sediment during both periods was howev-
er less clear. During both periods, LAB average concentrations varied be-
tween 3 and 4 log CFU/g in shrimp to below detection limit (1 log CFU/g
in sediment samples and 0 log CFU/ml in water samples) in water and
sediment samples.

3.2. Bacterial community analysis by PCR-DGGE

DGGE patterns of the duplicate samples from the same site were
similar. Therefore, one DGGE profile was analyzed per site. Cluster anal-
ysis of the profiles showed that shrimps were grouped separately from
water and sediments (Fig. 2). DGGE profiles of shrimp bacteria sampled
in June formed a separate cluster from those sampled in August, sug-
gesting a seasonal effect on shrimp DGGE banding profiles. For water
and sediments, the seasonal effect was not obvious since the DGGE pro-
files of the two sampling periods grouped partly together. It should be
noted that some samples with distant geographic location such as
shrimp samples collected in August from the third site in Lake Nokoue
(ShN3-Aug) and the second site in Lake Aheme (ShA2-Aug) displayed
high (92%) similarity (see Fig. 2). Numerical analysis of the DGGE pro-
files based on the relative height intensity of each band indicated
lower values of Shannon index of diversity (H′) and Simpson index of
diversity (1-D) in shrimp samples compared towater or sediment sam-
ples during both sampling periods (see Fig. S2). The diversity indices
were higher in June shrimps than in August shrimps, but were similar
in water and sediment samples during both periods. The values of the



Fig. 1. Microbial concentrations of different groups of microorganisms enumerated in (A) shrimp samples, (B) water samples, and (C) sediment samples. TVC = total viable counts,
Entero = Enterobacteriaceae, Pseud = Pseudomonas spp., H2SPB = H2S-producing bacteria, SFB = spore-forming bacteria, LAB = lactic acid bacteria. Ai-Aug. = August samples from
site I in Lake Aheme; Ni-Jun. = June samples from site I in Lake Nokoue. Bars represent the standard deviation of four independent samples.
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diversity indices suggest that the bacterial community was less diverse
in shrimp samples than in water or sediment samples.

3.3. Bacterial community analysis by clone libraries

After discarding the chimeric sequences, the number of sequences
analyzed per sample ranged from 55 to 112 (Table 2). Based on RDP
Classifier (80% confidence level), the number of phyla ranged from 1
(in August shrimp from lake Nokoue: ShN1-Aug) to 11 in the sediment
sample (SeN1-Jun) (Fig. 3A). The proportion of unclassified bacteriawas
relatively high in the sediment sample (SeN1-Jun) (20% of the clone li-
brary, n = 96), but low in other samples (0–2%). The most dominant
phylum in shrimp samples from Lake Nokoue (both sampling periods)
and the water sample from the same lake was Firmicutes. The phylum
Firmicuteswas however not recovered from the clone library of the sed-
iment sample collected at the same site in the same lake. In contrast, the
sediment sample was dominated by the phylum Proteobacteria (53% of
the clone library, n=96). Proteobacteria predominated in shrimp sam-
ple from lake Aheme (ShA1-Jun) (82% of the clone library, n = 112).
Proteobacteriawas the second most abundant phylum in water sample
(WN1-Jun) (18% of the clone library, n = 83) and the third most
abundant in shrimp from Lake Nokoue sampled in June (ShN1-Jun)
(10% of the clone library, n = 83). However, Proteobacteria members
were not evenly distributed within the classes of the phylum among
the libraries (Fig. 3B). Alphaproteobacteria were the most abundant
Proteobacteria in the water sample (47% of proteobacterial clones
in the sample, n = 15) while they represent the least abundant
Proteobacteria in the sediment sample (10% of proteobacterial clones
in the sample, n = 51). Gammaproteobacteriawere the most abundant
Proteobacteria in the sediment sample (35% of proteobacterial clones
in the sample, n=51) followed byDeltaproteobacteria (29%). However,
Deltaproteobacteriawere not recovered from the water sample. Shrimp
samples were mainly dominated by Gammaproteobacteria.

With a 3% similarity cut-off (sequence similarity ≥97%), the se-
quences were assigned to operational taxonomic units (OTU) varying
between 5 and 77 OTUs per sample (Table 2). The coverage index
ranged between 33% (SeN1-Jun) and 98% (ShN1-Aug). In agreement
with the DGGE analysis, the Shannon index (H′) and the Simpson
index (1-D) of diversity of the clone libraries were higher in the sedi-
ment and water samples than in shrimp samples. Within the shrimp
samples, the indices of diversity were higher in the June samples than
in the August samples, which is consistent with the DGGE results.



Fig. 2. Clustering analysis of DGGE profiles of sediment, water and shrimp sampled in June
andAugust fromLakeNokoue and Lake Aheme. Se= sediment;W=water; Sh= shrimp,
Ni = site I in Lake Nokoue, Ai = site i in Lake Aheme, Jun. = sampling period (June) and
Aug. = August.
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3.4. Phylogenetic affiliation of identified OTUs

By combining all the sequences from the 5 clone libraries, and
discarding identical sequences using Mothur software, 424 unique se-
quences were obtained and assigned to 159 OTUs at 0.03 distance
(sequence similarity ≥97%). Twenty two out of the 159 OTUswere con-
sidered as unclassified bacteria at 80% confidence threshold with the
RDP Classifier. A BLAST search was performed on the representative
Table 2
Number of sequences analyzed, richness and diversity indices of the clones libraries.

Samples Number of sequences
analyzed

Number of OTUs
(similarity ≥ 97%)

ShN1-Jun 83 19
ShA1-Jun 112 20
ShN1-Aug 55 5
WN1-Jun 83 43
SeN1-Jun 96 77

ShN1-Jun.,WN1-Jun., and SeN1-Jun.= shrimp, water and sediment samples, respectively. Thes
ShN1-Aug.= shrimp sample also collected from site 1 in Lake Nokoue, but during August sampl

a 95% confidence interval lower bound and upper bound are shown in parentheses.
sequence of each of the 137 remaining OTUs. Of the 137 OTUs, 38
(28%) exhibited b97% similarity with the sequences available in the
GenBank, and therefore may represent novel species. For the OTUs
showing ≥97% similarity with their closest relatives in the GenBank
and belonging to shrimp clone libraries, a phylogenetic tree was con-
structed using the identities of these closest relatives (Fig. 4). The iden-
tities of OTUs belonging to the water and the sediment clone libraries
are shown in Table S1.

In clone libraries of the shrimps (Fig. 4), a cluster was represented
by lactobacillales namely members of the families Enterococcaceae,
Streptococcacaea, and Leuconostocaceae (Fig. 4). OTUs from shrimps
sampled in June were closely related to species belonging to the
genera Vagococcus (OTUs 5, 90, and 102), Enterococcus (OTU32), and
Lactococcus (OTUs 8 and 22), while OTU6 from shrimps sampled in
August was closely related to Carnobacterium sp. Three OTUs recov-
ered from shrimps sampled in June were classified in the family
Staphylococcaceae. One OTU (OTU3 from shrimps sampled in August)
was closely related to Bacillus cereus and two others (OTUs 15 and 27)
were closely related to members of the family Planococcaceae. In the
water library (Table S1), LAB and Staphylococcaceaewere not recovered.
The dominant members of Firmicuteswere Exiguobacterium species.

As for Proteobacteria, two OTUs (OTUs 16 and 24) belonging to
Acinetobacter species were recovered. OTU34 from shrimps sampled in
June in Lake Aheme fell into the family Shewanellaceae. The biggest clus-
terwas represented by Enterobacteriaceae. OTUs assigned to the phylum
Proteobacteria recovered from water or sediment clones libraries clus-
tered mainly with uncultured members of the phylum (Table S1).

In shrimp clone libraries (Fig. 4), only the phylum Actinobacteria
represented by Corynebacterium casei was recovered in addition to the
phyla Firmicutes and Proteobacteria.

In water or sediment clones libraries recovered OTUs were mainly
closely related to uncultured bacteria and clustered in different
phyla such as Actinobacteria, Planctomycetes, Acidobacteria, Chloroflexi,
Verrumicrobia, Cyanobacteria, Gemmatimonadetes, Deinococcus-Thermus
(Table S1).

Note that at 0.03 phylogenetic distance (species level), among OTUs
from water, sediment and shrimps sampled at the same site the same
day (June sampling), only one OTU (OTU19, Table S1) closely related
to uncultured Xanthomonadales (Gammaproteobacteria) was shared be-
tween the bacterial community of water and that of sediment. There
was no overlap between OTUs from shrimps and those from sediment
or water.

3.5. Bacterial isolates identities

The identities of bacterial isolates from PCA plates of the five cloned
samples are shown in Table 3. The family Staphylococcaceae represented
by Staphylococcus spp. and Macrococcus caseolyticus, also identified by
cloning analysis, predominated in shrimp sampled in June. Bacillus
spp. were identified in water and sediment sampled in June and in
shrimp sampled in August. Other Bacillales such as Exiguobacterium
indicum and Kurthia gibsonii were also identified in shrimp samples.
Coverage index
(C) (%)

Shannon index
(H′)a

Simpson index
(1-D)a

90.4 2.36 (2.13, 2.59) 0.87 (0.83, 0.91)
89.3 1.92 (1.67, 2.17) 0.76 (0.70, 0.82)
98.0 1.06 (0.85, 1.27) 0.60 (0.53, 0.67)
60.2 3.16 (2.86, 3.46) 0.91 (0.87, 0.96)
32.6 4.25 (4.09, 4.41) 0.99 (0.98, 1.00)

e samples were collected at the same day during June sampling from site 1 in Lake Nokoue.
ing. ShA1-Jun.= shrimp sample collected during June sampling from site 1 in Lake Aheme.



Fig. 3. Relative abundance of (A) the identified phyla in the clone libraries and (B) Proteobacteria classes within each clone library. Each clone library was constructed from pooled four
genomic DNA samples. For details about the samples names, see Table 2.
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LAB represented by species identified by cloning analysis, namely
Lactococcus garvieae (OTU8), Enterococcus faecalis (OTU32) and other
species such as Pediococcus pentosaceus, and Enterococcus spp. were
identified in all shrimp samples. Isolates belonging to Enterobacteriaceae
were identified as Pantoea ananatis, Serratia marcescens, Escherichia
fergusonii in shrimp sampled in June from Lake Aheme, Proteus vulgaris
in shrimp sampled in June from Lake Nokoue, and Enterobacter spp.
in water sampled in June. Bacteria described as being opportunistic
pathogenic, namely Pseudomonas stutzeri (Potvliege et al., 1987) and
Stenotrophomonas maltophilia (Denton and Kerr, 1998) were also iden-
tified in the water sample.

4. Discussion

The present study aimed to determine bacterial concentration
anddiversity in tropical brackishwater shrimps and the relationship be-
tween the microbiota of the shrimps and that of the surrounding water
and sediment.

4.1. Bacterial concentration in shrimp, water and sediment

The initial total aerobic counts in shrimps obtained in this study is in
agreement with earlier observations that in general, tropical shrimps
carry high (5–6 log CFU/g) initial counts of bacteria (ICMSF, 2005).
The initial concentration of H2S-producing bacteria (4 log CFU/g) ob-
tained in tropical shrimps from India (Penaeus indicus) (Jeyasekaran
et al., 2006) is the range of the initial concentration of H2S-producing
bacteria obtained in this study (3.2–5.0 log CFU/g). However, we
found higher initial concentration of LAB (3.0–4.1 log CFU/g) in tropical
brackish water shrimp than in the Indian shrimp (2 log CFU/g)
(Jeyasekaran et al., 2006). The higher initial bacterial concentration
in shrimp in comparison to water or sediments might be explained by
a higher proportion of cultivable bacteria associated with shrimps.
In fact, the majority of bacteria associated with environmental sam-
ples is not cultivable under laboratory conditions (Stevenson et al.,
2004). Analyzing the microbial community of water and white shrimp
(Litopenaeus vannamei), Johnson et al. (2008) also found that themicro-
bial concentration in shrimp samples was higher than in water. Regard-
ing other seafood species, Del'Duca et al. (2015) also reported higher
bacterial concentration in tilapia (Oreochromis niloticus) than in water
or sediment. During August sampling, the microbial concentration
(TVC) in shrimps collected from the site 3 in Lake Nokoue (N3, see
Fig. S1 in supplemental data)was significantly higher than themicrobial
concentration in shrimps collected fromany other site (Fig. 1A). Similar-
ly, Enterobacteriaceae concentration in shrimp, water and sediment
from this site was significantly higher. A possible reason for this differ-
ence is that this site is located in the vicinity of the village of Ganvié
where people live in pole-houses above the lake.

4.2. Bacterial diversity in shrimp, water and sediment

Although in our DGGE analysis, we assumed that each band is a
bacterial species, it has been reported that one band might include dif-
ferent bacterial species due to co-migration of DNA fragments different
in sequences and that multiple bands can be displayed for only one spe-
cies (De Araujo and Schneider, 2008; Ercolini, 2004). However, it seems
that the amplification of hypervariable V6–V8 regions of 16S rDNA per-
formed in the present study leads to less multiple bands for a single



Fig. 4. Phylogenetic position of 16S rRNA sequences of clones from shrimps sampled in brackish waters in Benin (West Africa). The trees were generated using neighbor-joining method
with 1000 bootstrap replicates. Bootstrap values N50% are displayed on the branches. The tree was rooted with Cyanobium sp. followed by its GenBank accession number. The scale bar
represents 10% sequence divergence. The tree was generated using the representatives of 16S rRNA sequences clustered at ≥97% similarity (operational taxonomic unit (OTU) defined at
distance 0.03).The representative OTUs are followed by the samples (in boldface) from which they were recovered and the number of sequences in each OTU is in parenthesis after the
samples names. Clones identities are the best NCBI BLAST matches. For details about the samples names see Table 2. Abbreviation: Firm. = Firmicutes; Actino. = Actinobacteria; Prot. =
Proteobacteria. Each clone library was constructed from pooled four genomic DNA samples.

102 D.S. Dabadé et al. / International Journal of Food Microbiology 218 (2016) 96–104
species. For example, De Araujo and Schneider (2008) did not observe
multiple bands in pure culture amplicons produced with the V6–V8
primer pairs, but pure culture V3 amplicons of some bacterial species
displayed multiple bands in their DGGE profile.

In addition, as in several previous studies (Adrados et al., 2014; Dong
and Reddy, 2010; Kielak et al., 2013; Thavamani et al., 2012), we used
number of bands and the relative intensity of each band in the DGGE
profile to determine diversity indices. It is important to note that the as-
sumption that the relative intensity of each band gives the relative
abundance of each species can hold only if the procedure of genomic
DNA extraction and amplification has the same efficiency for all differ-
ent species (De Araujo and Schneider, 2008; Duarte et al., 2012;
Fromin et al., 2002).

The two molecular methods used in this study (PCR-DGGE and
clone libraries) revealed that shrimps sampled in June had higher mi-
crobial diversity than in August. The salinity of the waters (ca. 12.9 g/L
in June and 2.5 g/L in August) and their temperature (26.8 °C in June
and 24.2 °C in August) are environmental parameters that could
explain this difference. It has been documented that environmental
factors can affect the composition of intestinal bacteria of invertebrates
(Chaiyapechara et al., 2012; Hagi et al., 2004; Harris, 1993; Sullam et al.,
2012). Variation in bacterial composition of shrimps sampled in the
same period (June) was also found in this study. Chaiyapechara et al.
(2012) also found differences in species composition among individual
shrimps harvested from the same farm. This suggests that other factors
than environmental factors might influence the composition of bacteria
associated with shrimps. For instance, Rungrassamee et al. (2013)
showed that there was difference in the bacterial population associated
with shrimps (Penaeus monodon) at different developmental stages.
These findings suggest that monitoring of microbiological quality of
shrimps should take into consideration spatiotemporal variations.

LAB were the most abundant group of Firmicutes found in shrimp
samples in the present work. LAB were mainly represented by
L. garvieae, Vagococcus fluvialis, E. faecalis, and Carnobacterium spp.
Jaffres et al. (2009) also found that Carnobacterium spp., Vagococcus
spp., and Enterococcus spp. were the dominant bacterial strains of the
spoilage microbiota of tropical cooked and peeled shrimps, Penaeus
vannamei. Dalgaard et al. (2003) also isolated L. garvieae from spoilage
microbiota of warm-water cooked and brined shrimps. Carnobacterium
maltaromaticumwas found to be responsible for strong and rapid spoil-
age of cooked whole tropical shrimps (P. vannamei) stored under mod-
ified atmosphere packaging (Mace et al., 2014).



Table 3
Identity of isolates randomly selected fromplate count agar plates (reported as total viable
counts) as revealed by 16S rRNA sequencing.

Samples Number of
isolates

% Similarity and GenBank
closest relatives

GenBank
accession
number

ShN1-Jun (n = 12) 99% Staphylococcus sciuri KP181616
100% Staphylococcus sciuri KP181617
97% Staphylococcus sciuri KP181618
99% Staphylococcus sciuri KP181619
100% Staphylococcus xylosus KP181620
98% Staphylococcus sp. KP181621
100% Lactococcus garvieae KP181622
98% Kurthia gibsonii KP181623
99% Pediococcus pentosaceus KP181624
100% Proteus vulgaris KP181625
99% Macrococcus caseolyticus KP181626
99% Exiguobacterium indicum KP181627

WN1-Jun (n = 5) 100% Enterobacter ludwigii KP181628
100% Enterobacter sp. KP181629
100% Pseudomonas stutzeri KP181630
100% Stenotrophomonas maltophilia KP181631
100% Bacillus pumilus KP181632

SeN1-Jun (n = 3) 100% Bacillus licheniformis KP181633
100% Bacillus megaterium KP181634
100% Bacillus stratosphericus KP181635

ShN1-Aug (n = 6) 100% Bacillus thuringiensis KP181636
100% Bacillus amyloliquefaciens KP181637
99% Enterococcus casseliflavus KP181638
100% Enterococcus faecalis KP181639
100% Enterococcus faecalis KP181640
100% Kurthia gibsonii KP181641

ShA1-Jun. (n = 9) 99% Staphylococcus nepalensis KP181642
100% Staphylococcus cohnii KP181643
100% Staphylococcus sp. KP181644
99% Macrococcus caseolyticus KP181645
99% Pantoea ananatis KP181646
100% Serratia marcescens KP181647
100% Kurthia gibsonii KP181648
100% Escherichia fergusonii KP181649
95% Enterococcus sp. KP181650
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The family Staphylococcaceae represented another member of
Firmicutes recovered from shrimps sampled in June. The genus Staphylo-
coccus has been detected in brown shrimps (Crangnon crangnon)
(Broekaert et al., 2013) and in raw frozen black tiger shrimp imported
into Denmark from Vietnam (Noor Uddin et al., 2013). The most com-
mon pathogenic species (Staphylococcus aureus) was not detected in
the present work. However, Staphylococcus sciuri identified in our
study has been reported in the same country (Benin) to cause a nosoco-
mial bacteremia outbreak in hospitalized patients (Ahoyo et al., 2013).
To our knowledge, this is the first timeM. caseolyticus has been detected
in shrimps (Penaeus notialis).

Like in several previous studies on shrimp microbial diversity
(Chaiyapechara et al., 2012; Johnson et al., 2008; Liu et al., 2011;
Rungrassamee et al., 2014; Oxley et al., 2002), we found Proteobacteria,
specifically members of the class Gammaproteobacteria to be the most
abundant bacteria in our clone library for shrimp sampled in June
in Lake Aheme. However, Proteobacteria were less abundant in the
clone library for shrimp sampled in June in Lake Nokoue. Members of
Proteobacteria namely Klebsiella pneumoniae (Choudhury and Kumar,
1998), Acinetobacter spp. (Broekaert et al., 2013; Heinsz et al., 1988;
Liu et al., 2011) have been previously detected in shrimps. Our study
identified for the first time Shewanella seohaensis in shrimps. This spe-
cies was recently identified in tidal flat sediment samples in Korea as a
novel species of the genus Shewanella (Yoon et al., 2012).

C. casei was isolated for the first time in cheese (Brennan et al.,
2001). To our knowledge, this is the first time that this organism has
been detected in penaeid shrimps.

The identification of some isolates randomly picked from plate
counts agar (PCA) (Table 3) of shrimp samples revealed some bacteria
such as L. garvieae, E. fergusonii, P. vulgaris, E. faecalis, and members of
the family Staphylococcaceae (Staphylococcus spp. and M. caseolyticus),
which were also detected in the clone libraries of shrimp samples. The
family Staphylococcaceae was not targeted when enumerating various
groups of microorganisms by plating (see Fig. 1). However, members
of this family were identified from our PCA plates by 16S rRNA gene se-
quencing (Table 3). Also some identified isolates from our PCA plates,
namely K. gibsonii and E. indicum (Gram-positive non spore-forming
bacteria) are not members of other groups of microorganisms enumer-
ated. This might explain the observed difference between TVC counts
and the summation of the counts of other groups of microorganisms
enumerated (data not shown).

4.3. Relationship between the microbiota of the shrimps and that of the
surrounding water and sediment

In the present study, we found that at species level, distinct bacterial
communities were associated with water, sediment and shrimps,
sampled at the same site and day. Although limited numbers of clone
libraries for water and sediment were used in this study, some previous
studies have also reported different bacterial assemblages between
water and sediment samples (Cole et al., 2013; Feng et al., 2009). In
our study, one can argue that the relatively low percentage of coverage
of sediment andwater clone libraries at species level (0.03 phylogenetic
distance) (Table 2) could justify the low overlap found between shrimp
bacterial communities and that of their aquatic environment. However,
even at family level (0.10 phylogenetic distance) where the coverage of
the water clone library is 85% (data not shown), only one OTU, the
family Moraxellaceae, is shared between shrimps and water samples.
At order level (0.15 phylogenetic distance) where the coverage of the
sediment clone library is 71% (data not shown), still no OTU is shared
between shrimp and sediment samples. These findings suggest that
monitoring of the microbiological quality of aquatic environments
might not be enough to get insight into the microbiological quality of
shrimps.

In conclusion, this study combined culture-dependent and culture-
independentmethods to determine bacterial concentration and diversi-
ty in freshly caught tropical brackish water shrimps P. notialis. Also the
relationship between the bacterial concentration and diversity of
shrimps and that of their surrounding of water and sedimentwas inves-
tigated. The study contributes to the knowledge of the microbiota of
fresh tropical shrimps. It also shows that the overlap between tropical
shrimp microbiota and that of their surroundings of brackish water or
sediment is low.

Thus, bacterial community of tropical brackishwater shrimps cannot
be predicted from the microbiota of their aquatic environment.

Supplementary data to this article can be found online at http://dx.
doi.org/10.1016/j.ijfoodmicro.2015.11.013.
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