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Interactions between accumulated copper,
bacterial community structure and histamine
levels in crayfish meat during storage

Bernadeta Soedarini,>* Cornelis AM van Gestel,? Nico M van Straalen,?
Budi Widianarko® and Wilfred FM Réling®

Abstract

BACKGROUND: Pollution in aquaculture areas may negatively impact edible species and threaten seafood quality and safety.
The aim of this study was to determine the interaction between copper and bacteria in the aquatic habitat and their impact
upon crustaceans. Marbled crayfish was chosen as a model of aquatic crustaceans and the influence of metal contamination
on bacterial community structure in water used to culture crayfish and in crayfish themselves was investigated. Histamine, an
allergen commonly formed by certain groups of bacteria in crustacean edible tissue during storage, was also determined.

RESULTS: Copper exposure increased its concentration in crayfish meat by 17.4%, but the copper concentration remained
within acceptable food safety limits. Elevated copper levels affected the bacterial community both in the water used to cultivate
crayfish and in the marbled crayfish themselves. Cluster analysis of 165 rRNA-gene based microbial community fingerprints
revealed that copper impacted the bacterial community in the water and in the crayfish meat. However, copper exposure
reduced the formation of histamine in crayfish meat during storage by 66.3%.

CONCLUSION: Copper from the habitat appears to reduce histamine accumulation in crayfish meat during storage by affecting
the bacterial community structure of the cultivation water and most likely also in the intestine of the crayfish. From a food
safety point of view, copper treatment during the aqua culturing of crustaceans has a positive impact on the postharvest stage.

(© 2013 Society of Chemical Industry
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INTRODUCTION

World aquaculture has grown tremendously in quantity, but
the quality and safety aspects of aquaculture products are still
a concern due to the risk of food-borne illnesses.! Chemical
residues and bacterial contamination are two common problems
threatening the quality and safety of aquaculture products.

Crustaceans are important seafood species (widely defined as
edible aquatic species living in sea water, brackish water or fresh
water), being the second most valuable seafood commodity.?
Although they have high economic value, crustaceans are highly
perishable food. The relatively high moisture and free amino acid
content make crustacean meat quite susceptible to deteriorative
bacteria.?

The bacterial density and diversity of freshly caught seafood
are closely related to its habitat."# Bacterial growth during stor-
age is often unavoidable, and especially occurs at inadequate
storage temperatures, leading to decay of seafood. In the case of
storage of crustaceans, which are histidine rich, the deteriorative
process is often associated with histamine formation.5 Hygienic
qualities, handling and storage (time and temperature) are factors
determining the level of histamine in seafood.5~® Histamine in
fresh seafood stored for 12 h at room temperature reached
>75ug g~ (wet weight)’ and accumulate to over 500 pg g='
(wet weight) in commercial canned seafood.? Several bacteria

possess histidine decarboxylase, an enzyme which transforms
the free amino acid histidine into histamine.® Ingestion of food
containing histamine can cause histamine poisoning with allergic-
like symptoms such as nausea, vomiting, diarrhea, hives, itching,
red rash and hypotension.'® In crustaceans, histamine may not
only be produced by bacteria, but is also naturally present and
acts as a neurotransmitter.'""'2 The United States Food and Drug
Administration (US FDA) has set the maximum level of histamine
in seafood as 50 ug g~ (wet weight).™

In aquacultural practices, the use of copper sulfate is often
unavoidable to control the overgrowth of algae. Especially
at night, algae can suppress the availability of oxygen in
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water, which can be lethal for aquacultural species. On
the other hand, copper itself can be considered a heavy
metal pollutant. Elevated copper concentrations in aquatic
environments are found worldwide, including the environments
in which aquaculture normally takes place.'*~'® The copper
concentrations in crustaceans increasewith thelength ofexposure.
Copper accumulation patterns in crustaceans also depend on the
organ (hepatopancreas > gills > exoskeleton > muscle).'®%° With
regard to food safety assurance, the Australian National Health and
Medical Research Council (ANHMRC) recommends a maximum
copper level of 10 ug g~' wet weight in crustaceans?!

Copper can have an inhibitory effect on the growth of
bacteria?223 Bacteria do not respond equally to copper, and
can for instance develop resistance to copper.2*~2’ By nature,
the interaction between metals and microbes is a very complex
phenomenon. Some metals are essential to certain microbes,
whereas others are toxic even at low concentrations. Further, a
mixture of metals (copper, nickel, chrome and iron) was found
to reduce the microbial diversity in the digestive tract of aquatic
crustaceans (noble and signal crayfish).2% However, it is not yet
clear if elevated levels of copper in water may interfere with the
microbial community in water and in the intestine of crayfish,
or if any toxic effect of copper on the microbial communities in
crayfish may reduce the formation of histamine during storage.
Here, we investigated the interaction between accumulated
copper, microbial community structure and histamine formation
inmarbled crayfish during storage.

EXPERIMENTAL

Source of marbled crayfish and acclimatization

Marbled crayfish (Procambarus fallax forma virginalis; Malacos-
traca, Decapoda, Astacida) were used as a model of aquatic
crustaceans. Marbled crayfish are parthenogenetic and have
genetic uniformity.2 Marbled crayfish were provided by Alterra,
Wageningen University and the Research Centre, Netherlands.
Prior to copper exposure experiments, all crayfish were acclimated
for 1 week in continuously aerated, filtered copper-free tap water
(pH 7.3+0.1; CaCO3 hardness 2-4 mmol L~") in 20 L tanks.
Copper-free water was obtained from a system delivering tap
water through plastic rather than metal piping on the university’s
premises. Anaquarium filter system was applied toremove crayfish
feces. Acclimatization was performed under constant laboratory
conditions (temperature 20 &1 °C; day/night cycle of 12 h light
and 12 h dark) and the animals were fed with commercial crayfish
feed pellets (Tetra Wafer Mix, Tetra Europe, Melle, Germany) three
times a week, prior to replacing the tank water. At the start of
the experiments, the animals measured 3.7-5.8 cm and weighed
16-4.79.

Copper exposure experiment

A 0.5 mg Cu L~ solution was prepared from CuSO4.5H,0 (p.a.,
Merck, Darmstadt, Germany)in copper-free water. Seventy animals
were randomly divided over two groups and exposed for 14 days,
to either copper-free water (control treatment) or water containing
0.5 mg Cu L™". Incubation conditions were as described for the
acclimatization period, in ten 3 L aerated plastic tanks with seven
animals in each.

Crayfish meat preparation and storage
After 14 days of exposure, all crayfish were aseptically killed by
decapitation using sterile scissors. The headless specimens (edible

parts; crayfish meat and tail) were individually placed in a sterile
Petri dish and stored in a refrigerator (5+ 1 °C). At various times
of storage (0, 2, 4, 5, 6, 7 and 10 days) five specimens from each
treatment were collected and frozen at —20 °C until analysis.

Tank water sampling

After 14 days of exposure, the tank water of both treatments
wereindividually collected and analyzed. The number of microbial
cells in the water samples was measured using a Coulter counter
(Multisizer™ 3 Coulter counter, Beckman Coulter Inc., Brea, CA,
USA). To collect microbes from the tank water for molecular
analysis, 500 mL tank water was vacuum filtered over a 45
mm diameter, 0.2 um pore size filter (Millipore, EMD Millipore
Corporation, Billerica, MA, USA). Allfilters were aseptically collected
and keptin a freezer (—20 °C) until analysis.

Analysis of copper concentrations

Copper concentrations were measured as described previously.'2
All crayfish samples (weighing around 0.25 g fresh weight) were
freeze-dried for 48 h and digested in 2.0 mL of a 41 mixture
of concentrated HNOs (Sigma-Aldrich Chemie, Zwijndrecht,
Netherlands) and HCl (Riedel-de-Haén, Seeize, Germany ), in a
closed Teflon ‘bomb’ (VU University Amsterdam, Netherlands) at
140 °C for 7 h. The digests were then diluted with HNO3 0.1 mol
L' to 10 mL and the copper concentrations were determined
using flame atomic absorption spectrophotometry (AAnalyst 100,
PerkinElmer Inc, Waltham, MA, USA). The copper concentrations
in the cultivation water were directly measured before and after
renewing the water. Quality control of the analysis was maintained
by digesting certified reference material Dolt-2 (CNRC, Ontario,
Canada). The recoveries of copper in the reference material
averaged 113% of the certified reference value. The detection
limit was 0.003 mg L.

Microbial DNA isolation

Microbial DNA in the crayfish meat was isolated using the
PowerFood™ microbial DNA isolation kit (MO BIO Laboratories
Inc., Solana Beach, CA, USA). A frozen sample of 0.25 g was placed
in a bead beater tube, and one glass bead (4.0 mm diameter) and
1000 pL sterilized phosphate-buffered saline (10 g Nacl, 0.25 g
KCl, 1.6 g Naz2HPOs, 0.3 g KHaPOs L~ distilled H20) were added.
A FastPrep Instrument (MP Biomedicals, Santa Ana, CA, USA) was
then used for 40 s at a speed level of 4 m s~'. The glass bead was
included to degrade meat filaments without breaking the bacterial
cells and to separate bacteria from the meat matrix. After 5 min
of natural sedimentation, 250 UL supernatant was collected and
centrifuged at 13 000 x g for 3 min. Residual liquid was removed
and the microbial pelletat the bottom of the tubewas resuspended
in 450 uL PF1 solution from PowerFood™. Microbial DNA isolation
was performed following the manufacturer's protocol (MO BIO
Laboratories).

Microbial DNA from the Millipore filters containing microorgan-
isms in the culture water was isolated using the FastDNA spin kit
for soil (MP Biomedicals, Solon, OH, USA). The filter was aseptically
cut into small pieces and further processed following the manu-
facturer’s protocol. Two different bacterial DNA isolation kits were
used intentionally, considering the differences in matrix charac-
teristic of the samples. The PowerFood™ microbial DNA isolation
kit is aimed at isolating DNA from foodstuffs very rich in organic,
biological material, while the FAST DNA spin kit is developed for
environmental, more inorganic samples, such as soils and filters
containing both inorganic and organic materials.
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Gram-positive bacteria present in water and crayfish sample

Primer

Primer  Sequence (5" — 3) concentration  Initial denaturation

Table 1. Primer sequences and conditions for amplifying bacterial 165 rRNA genes and histidine decarboxylase hdc genes of Gram-negative and

Denaturation ~ Annealing ~ Elongation  Final elongation  Ref.

165 1RNA genes
CGCCCGCCGCGCGT
GGCGGGCGGG

GCGGGGGCACGG
GGGGCCTACGGG
AGGCAGCAG

ATTACCGCGGCTGC
GG

Gram-negativehdc
genes

TCHATYARYAACTGY
GGTGACTGGRG

CCCACAKCATBARWG
GDGTRTGRCC

Gram-positive hdc
genes

GATGGTATWGTTTCK
TATGA

CCAAASWCCDGCAT
cTTc

F357GC 0.4 umol L' 94°C; 5 min

R518

hdcf 02 umol L' 94°C;5min

hdcr
HDC-3

02 pumol L' 94°C;5min

HDC-4

94°G;30s 54°C;30s  72°G30s 72°C;5min 27

94°G1min  58°C1min  72°C1min 72°C;5min 30

95°G;45s  48°CG1min 72°C1min 72°C;5min 31

PCRamplification of bacterial 165 rRNA genes

A set of primers targeting the bacterial 165 rRNA gene, F357GC
and R518,° were used for polymerase chain reaction (PCR)
amplification. Table 1 shows the sequence of primers and the
amplification conditions we used prior to denaturing gradient gel
electrophoresis (DGGE). For each PCR reaction, a total volume
of 25 uL was used, consisting of 1 uL of 10 umol L~ forward
primer; 1 uL of 10 pumol L~' reverse primer; 1 uL of 10
mg mL~" bovine serum albumin (BSA; New England BioLabs,
Leusden, Netherlands); 12.5 uL GoTaq Colorless Master Mix 2x
containing 1.25 units of Tag DNA polymerase (Promega, Madison,
WI, USA); 85 uL DNase-RNase-free water (MP Biomedicals) and
1 puL microbial DNA template. DNA amplification was checked
using electrophoresis on a 1% agarose gel in 1x TAE buffer.
The observed size of the product of PCR amplification was
~220 base pairs, indicating successful amplification of the bacterial
DNA.

Denaturing gradient gel electrophoresis

DGGE was performed using the Bio-Rad D Code (Bio-Rad, Hercules,
CA, USA). PCR products were loaded on to an 8% polyacrylamide
gel with a denaturing gradient of 30-55% (100% denaturant was
defined as 7 mol L~" urea and 40% (v/v) formamide). The gels were
electrophoresed in 1 TAE buffer (40 mmol L~ Tris, 20 mmol L~"
aceticacidand 1 mmol L~" Na-EDTA; pH8.0) at 200V and 60 °C for 4
h. A mixture of 12 different bacterial 16S rRNA gene fragments was
used as marker. The gels were stained in 1 x TAE buffer containing
ethidium bromide (1 ug mL~") and were recorded with a charge-
coupled device camera system. Gel images were converted,
normalized and analyzed with GelCompar Il software package
(Applied Maths, Sint-Martens-Latem, Belgium). Similarity values
between fingerprints were calculated using Pearson correlation
and subjected to UPGMA (unweighted pair group method with
arithmetic mean) cluster analysis.3!

Sequencing of DGGE bands

One common DGGE band occurring intensively in crayfish meat
samples was cut out with a sterile scalpel blade and diluted in
50 pL water. One microliter of the diluted DNA was re-amplified
with primers F357 and R518 using the same PCR conditions as
described above. PCR products that revealed a correctly sized
band on agarose gel were aseptically cut out and purified using
the Wizard SV gel and PCR clean-up system (Promega, Madison,
WI, USA) according to the manufacturer's instructions. Sequencing
was executed using Big Dye® Terminator v1.1 chemistry (Applied
Biosystems, Carlsbad, CA, USA ) on an ABI 3100 genetic analyzer
(Foster City, CA, USA). BLAST (basic local alignment search tool)
searching in GenBank and the Ribosomal Database Project (RDP)
was performed to determine the closest known relatives of the
obtained partial 165 rRNA gene sequences.*2

Detection of hdc genes

Table 1 shows primer sequences and amplification conditions
used to detect histidine decarboxylase (hdc) genes. Primers for the
amplification of the hdc gene in Gram-negative bacteria were hdc-f
and hdc-r, which amplify a DNA fragment of 709 bp.33 Primers for
the amplification of the hdc gene in Gram-positive bacteria were
HDC-3 and HDC-4, which amplify a DNA fragment of 435 bp.3*
DNA isolated from Photobacterium damselae subsp.damselae (LMG
7892, BCCM, Gent, Belgium) and Lactobacillus parabuchnerii (DSM
5987, DSMZ, Germany) served as positive control of Gram-negative
and Gram-positive histamine-producing bacteria, respectively.

Histamine analysis

Histamine was extracted from the wet crayfish meat samples.
A precise weight (between 0.10 and 0.25 g fresh weight) of
crayfish sample was crushed to homogeneity, diluted eight times
with water and centrifuged (10 000 x g; 5 min). The histamine
concentrations in the extract were analyzed using Histamarine
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enzyme immunoassay kit IM2369 (Immunotech SAS, Marseille,
France). Twenty microlitersofthe collected supernatant was added
to 180 pL acylation buffer that was provided in the kit. Principal
analysis is a competitive direct enzyme-linked immunosorbent
assay (ELISA) in amicro-well format. A series of standard solutions
containing predefined amounts of histamine (1-500 mgkg~') was
used. Absorbance was read at 410 nm using a Versamax 340-750
nm plate reader (MTX Lab systems Inc,, Vienna, VA, USA). The limit
of detection (LOD) of the method was 1 mgkg~".

Data analysis

The effect of elevated copper concentration in the tank water
on copper concentration in crayfish meat was analyzed using
an unpaired t-test. The t-test was also used for determining the
significance level between the number of microbial cells in the
copper-exposed and copper-free tank water. Calculations and
statistical analysis were performed with either Excel 2013 or the
statistics software SPSS, version 17.0 (SPSS Inc., Chicago, IL, USA).

RESULTS

The average weight of the animals increased slightly during the
14 days of exposure, but was not significantly different from
the average weight at the start of the experiment, nor different
between the two treatments. The averaged fresh weight of the
marbled crayfish at the start of the exposure was 2.67 +0.89
g (mean =+ SD; n=135) and 2.73 +0.67 g (mean + SD; n=35), for
copper-containingand control treatments, respectively. Atthe end
of exposure they had reached 3.02 + 1.00 g (mean = SD; n=35;
copper exposed) and 3.12 £ 0.90 (mean = SD; n =35; copper free).

Crayfish meat of the animals exposed to copper contained
higher copper concentrations than the meat of crayfish
exposed to copper-free water (n=10; ANOVA, p < 0.05). Copper
concentrations in the crayfish meat samples averaged 32.2+5.6
ug g=' dry weight (copper-exposed) and 266+59 ug g~'
dry weight (copper-free). Copper concentrations in the culture
water (average over the 14-day exposure period, n =12) averaged
0434004 mg L~ for the incubation-amended copper 0.5 mg
L") and were below the detection limit of 0.003 mg L~ for
copper-free water.

The elevated copper in the tank water reduced the number of
microbial cells significantly (t-test, p < 0.05) by one logarithmic
level. Copper-exposed tank water contained on average
2,094 0.05 109 cells mL~" and copper-free tank water 1.48 +0.01
107 cells mL~". Bacterial community structures in both tank water
samples and in stored crayfish meat samples were also affected by
the copper exposure, as revealed by DGGE analysis of the amplified
16S rRNA gene fragments (Fig. 1). Fingerprints of the marker of 12
different bacterial 16S rRNA gene fragments of the DGGEs were
well reproducible, at >85% (profiles not shown). Cluster analysis
(Fig. 1) revealed clear differences between bacterial community
structure in the copper-containing water (0.5 mg Cu L™') and
in copper-free (control) water, with a similarity of 33.5% + 19.1%
between the two treatments. The DGGE profiles revealed fewer
bands (averaging 5.3 per profile) for copper-containing water
than for copper-free water (averaging 13.3). The similarity in DGGE
fingerprints of bacterial communities for three biological replicates
of the control water was 66.5% = 8.1%. More variation between
biological replicates was observed in the copper-containing water,
with a similarity among replicates of 46.1% +-36.9%.

Bacterial community structures in fresh crayfish meat (0-day
stored) were clearly different between the two treatments, in

line with the observation that copper also affected community
structure in the tank water. DGGE profiles of the crayfish meat in
copper-free water (control) showed seven bands. Three of these
bands were not strongly visible in the DGGE profiles derived
from tank water from the control itself, which contained on
average 14 bands. A similar observation appeared for crayfish
meat previously exposed to copper-containing water. The DGGE
analysis of meat samples of crayfish previously exposed in copper-
containing waters revealed on average only 5.7 bands, while 9.0
bands were found in the corresponding water samples.

During storage for 10 days, a few new bands appeared in the
community fingerprints of the crayfish meat samples from both
the copper-exposed and the copper-free (control) treatments.
The similarities of DGGE profiles between fresh crayfish meat and
stored over 10 days were 57.3% =+ 6.7%for the copper-exposedand
48.6% =+ 16.6% for the copper-free treatment. Between the copper-
exposed and copper-free treatment, the similarity of bacterial
community structure in crayfish meat after 10 days storage was
55.3% = 11.6%. This value was slightly lower than for the crayfish
meat at 0 day storage, which had a similarity of 62.9% = 17.3%.
Thus differences in bacterial community structure in relation to
copper treatment were already visible in the crayfish meat at the
start of storage. Also, in both treatments, bacterial community
structure in the crayfish meat and in the crayfish tail after 10
days’ storage showed very similar profiles of DGGE fingerprints
(the similarity was 78.5% = 6.4%; data not shown). One common
band was present in all DGGE profiles from crayfish meat samples,
irrespective of copper treatment or the duration of storage (see
the arrow in the Fig. 1). This band was excised and sequenced.
Based on BLAST searching, the sequence (162 nucleotides) was
99% identical to Pseudomonas sp.

Histidine decarboxylase-encoding genes of neither Gram-
negative nor Gram-positive bacteria could be detected in any
of the water or crayfish meat samples. However, the histamine
concentration in crayfish meat increased with time of refrigerated
storage, for both crayfish that were exposed to copper for 14
days as well as for crayfish from the copper-free water (Fig. 2).
The highest histamine concentrations were observed in meat
from crayfish that were exposed in copper-free water (control
experiment). After 2 days of storage, histamine concentrations in
crayfish meat samples were significantly different between the
two treatments (t-test, P < 0.05), reaching 3.194 046 mg kg~'
for copper-exposed and 891044 mg kg~' for copper-free
treatment. At the end of the storage (10 days), the histamine
concentrations in crayfish meat samples from copper-exposed
and copper-free treatment were also significantly different (t-test,
P < 0.01). Meat from crayfish previously exposed in 0.5 mg Cu L'
contained less histamine than meat from crayfishincubated in the
copper-free water (control), reaching 7.28+2.58 and 21.6 +6.63
(mean + SD) mg kg~ wet weight, respectively.

DISCUSSION

Generally, copper is an essential element for (microjorganisms3®
and not harmful at low concentrations (1-10 pmol L")
For crustaceans, copper even plays an important role in
respiration, since it binds oxygen in hemocyanin.3® In agricultural
practice, however, copper and copper-containing compounds
are widely used as bactericides,”” algicides and fungicides,
contributing to environmental copper pollution and exposure
to elevated concentrations of copper (=10 pmol L~). This study
contributes knowledge that links animal toxicology and food
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ure 1. Cluster analysis of DGGE profiles of bacteria (30- 55% denaturantgradient) present in the water and marbled crayfish (Procambarus fallax forma
virginalis) meat samples after Pearson correlation. The table next to the profiles designate the sample (water and crayfish meat), replicates (a, b and c),
copper treatment (+ and —; means treatment with 0.5 mg Cu L~' and control, respectively) and storage time (0 and 10 days). Water samples were not

stored and directly measured on the harvesting day. Therefore, for water samples the storage time is written ‘N.A. (not applicable).

Histamine In crayfish meat (mg kg f.w.)

T 7 v ww
Time (days)

Figure 2. Histamine accumulation in marbled crayfish (Procambarus fallax
forma virginalis) meat samples during refrigerated storage for 10 days,
including the trend lines based on polynomial regression (linear for the
0.5 mg Cu L~" samples, quadratic for the copper-free samples). Each data
point represents the average value of histamine concentration (n = 5) with
the standard error bars measured in meat of crayfish exposed for 14 days
to copper 0.5 mg L~ (@) or animals incubated in copper-free water (A.
Coefficients of determination (?) of the regressions are indicated on the
graph.

safety/food microbiology, especially by looking at the correlation
between elevated copper concentrations in water and histamine
accumulation in marbled crayfish meat during storage. Further,
this study provided evidence for copper-induced changes in the
bacterial community structure in the water used to cultivate
crayfish and in the crayfish meat. After 10 days of storage, the
meat of crayfish previously grown at 0.5 mg Cu L~ revealed fewer
DGGE bands and contained lower histamine concentrations than
the meat of crayfish from the copper-free control.

Copper exposure, copper accumulation and safety limits
A high copper concentration in the tank water used to cultivate
crayfish generally leads to elevated copper concentrations in

the organs or tissues of crustaceans® and this was also
observed in the present study. In crustaceans, excess copper
mostly accumulates in the hepatopancreas and gills - both are
considered non-edible parts — but not in the edible muscle.'2
Upon exposure to 0.5 mg Cu L™, copper concentration in crayfish
meat increased by 17.4% compared to the control, to 32.2 pgg~'
dry weight. The Australian National Health and Medical Research
Council recommends a maximum copper level in crustaceans of
10 ug g~ wet weight."® In our study we measured copper in
micrograms per gram dry weight. Considering that the crayfish
meat contained on average 78% water in our study (data not
shown), we converted the recommended upper level as stated in
micrograms per gram wet weight'® to amaximum upper level per
gram dry weight:45.5 ug g~ dry weight,. Thus, when compared to
the latter value, the copper concentration measured in this study
does not exceed the recommended value and does not pose a
threat to human health.

Interactions between copper, microbial communities
and histamine levels
Despite the fact that copper concentrations in meat remained
within food safety limits, effects of copper exposure were
observed on microbial communities and histamine accumulation
in stored crayfish meat. The histamine accumulation pattern
appeared to correlate with the differences and changes in
bacterial communities over time. Crayfish previously exposed
0 0.5 mg Cu L~ revealed fewer microbial species and contained
lower histamine concentrations in their meat after refrigerated
storage for 10 days. We observed a correlation between microbial
communities in water and in crayfish meat. The results showed
that copper exposure reduced microbial diversity in the waterand
most likely changed the bacterial community structure in the gut
of crayfish.

The intestinal tract of crayfish, running along the dorsal side
of the animal, contains high numbers of bacteria?® including
putative deteriorative bacteria.** The edible, and stored, portion
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of crayfish usually still contains the intestine; therefore the meat
might be contaminated by intestinal material. During storage,
deteriorative bacteria in the intestinal tract of crayfish can
decompose amino acids into biogenic amines. Depending on the
bacterial community composition, storage time and temperature,
histamine that is derived from histidine can accumulate to levels
exceeding the safety limit”8 In the present study the crayfish
were decapitated with sterilized scissors and further treated under
aseptic conditions; therefore the risk of bacterial contamination
from other sources during sample preparation was minimal.

It is likely that microbial communities in the water used to
cultivate the crayfish influence the microbial composition of
the crayfish intestine and that bacteria causing decay derive
from the water, via intestinal communities. This can be concluded
from the following arguments: (i) elevated copper dramatically
changed the bacterial communities in the tank water; (i) however,
copper concentrations in the crayfish meat were not significantly
affected by copper treatment and thus likely had a minor influence
on the intestinal communities; (iii) nevertheless, clear differences
in microbial communities in freshly stored meat were observed,
and histamine levels in the crayfish meat during storage were
different between the treatments.

The effect of copper on microbial community structure in water
may depend on several factors: among others, the exposure
concentration,*! the chemical form of the toxic substance®=*
and species-specific attributes to deal with copper.*® Many species
of bacteriashow resistance to copper:among others, Pseudomonas
syringae, > Xanthomonas campestris pv.Juglandis* and Escherichia
coli strains.#’ In this study, Pseudomonas sp. occurred in all
crayfish meat samples, from both treatments and throughout
storage. Previously, Pseudomonas strains isolated from water
and sediment revealed copper resistance.2**¢ Furthermore, some
species of Pseudomonas such as Ps. fluorescens, Ps. putida and
non-fluorescent Pseudomonas spp. showed the ability to produce
low concentrations of histamine.*> However, we did not culture
microorganisms to establish relationships between identity and
copper resistance, nor determined their histamine production
potential. Considering (i) the relative low copper exposure
concentrations applied in this study compared to the observed
potentials to resist copper;2#254546% (jj) the fact that the copper
concentration in meat is only slightly enhanced after copper
exposure; and (iii) that the bioavailable copper concentration in
thedigestive tract — the major habit formicroorganisms — was not
determined, it is difficult to evaluate the importance of resistance
of bacteria to copper in relation to the observed community
changes in water and meat. The effect of copper may also simply
relates to the fitness of bacteria (e.g. affecting growth rates or
bacterial functions). The difference in fitness between species in
relation to copper may lead to a reorganization of the bacterial
community, without requiring resistance mechanisms.

The toxic effect of the cupric ion (Cu?*) on microorganisms in
wateris alsoinfluenced by dissolved organic material such ashumic
substances,? aerobic-anaerobic conditions*2 and salinity,*" all
which may vary depending on the geographical region and aqua-
culture practices. While a positive effect of copper exposure onthe
crayfish meat was observed in this study, it might be interesting
to look further at the effect of certain environmental conditions
on the microbial communities as well as histamine accumulation.

Application of molecular tools to deteriorative processes
Cultivation-independent DNA-based fingerprinting of bacterial
communities, followed by cluster analysis, is a reproducible,

rapid and relatively unbiased technique to describe the dynamics
in microbial communities and their responses to experimental
treatments.3' Isolation and analysis of DNA directly from food
samples (without cultivation of microorganisms) has an advantage
over the analysis of cultivable bacteria. Only a minor fraction of
microorganisms can be cultured under laboratory conditions,
even when using enriched or selective media.>® By using specific
primers and gene encoding, functional characteristics can be
determined easily. However, although histamine production was
observed, hdc genes could not be detected in our study. Therefore,
it is likely that microbes harboring hdc genes that deviate from
common hdc genes were present. The primers currently available
for detectinghdc genes have beendeveloped primarily for bacteria
with an ability to produce high concentrations of histamine,
suchas Photobacterium damselae subsp. damselae or Lactobacillus
parabuchnerii - the positive control of Gram-negative and Gram-
positive histamine-producing bacteria, respectively, used in this
study. It might be that microbes that produce lower quantities
differ in the genes involved in histamine production. Alternatively,
histamine producers might have been presentbelow the detection
limit of the approach (>1.6 10° gene copies per gram dry weight).
Thus there is a need to attempt to culture these species and
to use more detailed, culture-independent approaches, such as
metagenomics,>2~5 to gain better insight into the full repertoire
of microorganisms and genes involved in histamine production.
Based on the results of these studies, in the future new PCR
amplification approaches to detect genes involved in histamine
production might be developed and applied. At the same time,
these culturingand molecular approachesmay alsoprovide insight
into the microbial potential to deal with copper.

CONCLUSIONS

Exposure to 0.5 mg Cu L~! for 14 days had a minor, acceptable
effect on copper concentration in the meat of marbled crayfish.
However, it had an impact on the bacterial community structure
in both the water used to culture crayfish and in the crayfish
meat. Furthermore, copper exposure led to reduced histamine
accumulation in crayfish meat during storage. This suggests that
excess copper in aquaculture ponds may have a positive effect on
the shelf life and safety of crustacean meat.

ACKNOWLEDGEMENTS

The study was financially supported by the Directorate General of
Higher Education, Indonesia. The authors are grateful to Jeanine
Marién for technical assistance.

REFERENCES

Feldhusen F, The role of seafood in foodborne diseases. Microbes Infect
2:1651-1660 (2000).

FAO, State of world aquaculture. Food and Agriculture Organization of
the United Nations, Rome (2006)

Simpson BK, Nayeri G, Yaylayana Vand Ashie INA, Enzymatic hydrolysis
of shrimp meat. Food Chem 61:131-138 (1998).

Ahmed FE, Seafood Safety. National Academy Press. Washington, DC
(1991).

Kim SH, An H and Price RJ, Histamine formation and bacterial spoilage
of albacore harvested off the US. northwest coast. J Food Sci
64:340-343 (1999).

Lopez-Sabater El, Rodriguez-Jerez 1), Roig-Sagués AX and Mora-
Ventura MAT, Bacteriological quality of tuna fish (Thunnus thynnus)
destined for canning: effect of tuna handling on presence of

~

w

IS

“w

o

wileyonlinelibrary.com/jsfa

(© 2013 Society of Chemical Industry

JSciFood Agric 2014; 94: 2023-2029




image13.jpeg
Interactions between accumulated copper, bacteria and histamine levels in crayfish meat Www.soci.org SCI

histidine decarboxylase bacteria and histamine level. J Food Protect analysis of polymerase chain reaction-amplified genes coding for
57:318-323 (1994). 165 r-RNA. Appl Environ Microbiol 59:695-700 (1993).

7 Prester L, Orct T, Macan J, Vukusic J and Kipéi¢ D, Determination of 31 Van Verseveld HW and Roling WFM, Cluster analysis and statistical
biogenic amines and endotoxin in squid, musky octopus, Norway comparison of molecular community profile data, in Molecular
lobster, and mussel stored at room temperature. Arh Hig Rada Microbial Ecology Manual (2nd edn). Springer, Berlin, pp. 1-24
Toksikol 61:389-397 (2010). (2004).

8 Tsai YH, Kung HF, Lee TM and Hwang DF, Histamine related hygienic 32 Altschul SF, Gish W, Miller W, Myers EW, Lipman DJ, Basic local
qualities and bacteria found in popular commercial scromboid fish alignment search tool. J Mol Biol 215:403-410 (1990).
fillets in Taiwan. J Food Protect 67:407-412 (2004). 33 Takahashi H, Kimura B, Yoshikawa M and Fujii T, Cloning and

9 Niven CF Jr, Jeffery MB and Corlett DA, Differential plating medium sequencing of the histidine decarboxylase genes of Gram-negative
for quantitative detection of histamine-producing bacteria. Appl histamine-producing bacteria and their application in detection
Environ Microbiol 41:321-322 (1981). and identification of these organisms in fish. Appl Environ Microbiol

10 Taylor SL, Stratton JE and Nordlee JA, Histamine poisoning (scombroid 69:2568-2579 (2003).
fish poisoning): an allergy-like intoxication. Clin Toxicol 27:225-240 34 Coton E and Coton M, Multiplex PCR for colony direct detection
(1989). of Gram-positive histamine- and tyramine-producing bacteria. J

11 Cebada J and Garcia U, Histamine operates CI—-gated channels in Microbiol Meth 63:296-304 (2005).
crayfish neurosecretory cells. J Exp Biol 210:3962-3969 (2007). 35 Cervantes C and Gutierrez-Corona F, Copper resistance mechanisms

12 Soedarini B, Klaver L, Giesen D, Roessink|, Widianarko B, Van Straalen in bacteria and fungi. FEMS Microbiol Rev 14:121~138 (1994).

NM et al, Effect of copper exposure on histamine concentrationsin 36 Anderson MB, Reddy P, Preslan JE, Fingerman M, Bollinger J, Jolibois L
the marbled crayfish (Procambarusfallax forma virginalis). Anim Biol etal, Metal accumulation in crayfish, Procambarus clarkii, exposed
63:139-147 (2013). toa petroleum-contaminated bayou in Louisiana. EcotoxicolEnviron

13 US FDA, Fish and Fishety Products Hazards and Controls Guidance. Safe 37:267-272 (1997).

US Department of Health and Human Services, Food and Drug 37 Cooksey DA, Azad HR, Cha JS and Lim CK, Copper resistance gene
Administration Centre for Food Safetyand Applied Nutrition (2011). homologs in pathogenic and saprophytic bacterial species from

14 Correa JA, Castilla JA, Ramirez M, Varas M, Lagos N, Vergara S etal., tomato. Appl Environ Microbiol 56:431~435 (1990).

Copper, copper mine tailings and their effect on marine algae in 38 Rainbow PS and White SL, Comparative strategies of heavy metal
Norther Chile. J App! Phycol 11:57-67 (1999). accumulation by crustaceans: zinc, copper and cadmium in a

15 Kirby J, Maher W and Krikowa F, Selenium, cadmium, copper and decapod, anamphipod and a barnacle. Hydrobiologia 174:245-262
zinc concentration in sediments and mullet (Mugil cephalus) from (1989).
the southem basin of Lake Macquarie, NSW, Australia. Arch Environ 39 Paganini CL and Bianchini A, Copper accumulation and toxicity in
Contam Toxicol 40:246-256 (2001). isolated cells from gills and hepatopancreas of the blue crab

16 Matthiessen P, Reed J and Johnson M, Sources and potential effects (Callinectes sapidus). Environ Toxicol Chem 28:1200~1205 (2009).
of copper and zinc concentrations in the estuarine waters of Essex 40 Chinivasagam NH, Bremner HA, Thrower SJ and Nottingham SM,
and Suffolk, United Kingdom. Mar Pollut Bull 38:908-920 (1999). Spoilage pattem of five species of Australian prawns: deterioration

17 Schiff K, Brown J, Diehl D and Greenstein D, Extent and magnitude of is influenced by environment of capture and mode of storage. J
coppercontaminationin marinas of the San Diegoregion, California, Aquat Food Prod Technol 5:25-50 (199).

USA. Mar Pollut Bull 54:322-328 (2007). 41 TimbrellJA, Introduction to Toxicology. Taylor & Francis, London (1989).

18 Thongra-ar W, Musika C, Wongsudawan W and Munhapol A, Heavy 42 Beswick PH, Hall GH, Hook AJ, Little K, McBrien DCH and Lott KAK,
metals contamination in sediment along the Eastem Coast of the Copper toxicity: evidence for the conversion of cupric to cuprous
Gulf of Thailand. Environ Asia 1:37-45 (2008) copper in vivo under anaerobic condition. Chem Biol Interact

19 Guner U, Freshwater crayfish Astacus leptodactylus (Eschscholtz, 14:367-356 (1976).

1823) accumulates and depurates copper. Environ Monit Assess 43 Jonas RB, Acute copper and cupric ion toxicity inan estuarinemicrobial
133365-369 (2007). community. App! Environ Microbiol 55:43-49 (1989).

20 SoedariniB, Klaver L, Roessink|, WidianarkoB, Van StraalenNMandVan 44 Tubbing DMJ, Admiraal W, Cleven RFMJ, Igbalt M, van de Meent D and
Gestel CAM, Copperkinetics and internal distributionin the marbled Verweij W, The contribution of complexed copper to the metabolic
crayfish (Procambarus sp.). Chemosphere 87:333-338 (2012). inhibition of algae and bacteria in synthetic media and river water.

21 Maher WA, Trace metal concentrations in marine organisms from St. Water Res 28:37-44 (1994).

Vincent Gulf, South Australia. Water Air Soil Pollut 29:77-84 (1985). 45 Reteuna C, Vasseur P and Cabridenc R, Performances of three bacterial

22 Zevenhuizen LPTM, Dolfing J, Eshuis EJ and Scholten-Koerselman 1), assays in toxicity assessment. Hydrobiologia 188-189:149-153
Inhibitory effects of copper on bacteria related to the free ion (1989).
concentration. Microb Ecol 5:139~146 (1979). 46 Stall RE, Loschke DC and Jones JB, Linkage of copper resistance and

23 Cabrero A, Ferandez S, Mirada F and Garcia J, Effects of copper and avirulence loci on a self transmissible plasmid in Xanthomonas
zinc on the activated sludge bacteria growth kinetics. Water Res campestris pv. vesicatoria. Phytopathology 76:240-243 (1986).
32:1355-1362 (1998). 47 Brown NL, Rouch DA and Lee BTO, Copper resistance determinants in

24 Cooksey DA and Azad HR, Accumulation of copperandothermetals by bacteria. Plasmid 27:41-51 (1992)
copper-esistant plant-pathogenic and saprophytic Pseudomonas. 48 Bender CL and Cooksey DA, Molecular cloning of copper resistance
Appl Environ Microbiol 58:274-278 (1992). genes from Pseudomonas syringae pv.  tomato. J Bacteriol

25 Bender CL and Cooksey DA, Indigenous plasmids in Pseudomonas 169:470-474 (1987).
syringae pv. tomato: conjugative transfer and role in copper 49 Ryser ET, Marth EH and Taylor SL, Histamine production by
resistance. J Bacteriol 165:534-541(1986). psychrotrophic Pseudomonas isolated from tuna fish.  Food Protect

26 Stall RE, Loschke DC and Jones JB, Linkage of copper resistance and 47:378-380 (1984).
avirulence loci on a self transmissible plasmid in Xanthomonas 50 Santos MAPF, Melao MGG and Lombardi AT, The effects of humic
campestris pv. vesicatoria. Phytopathology 76:240~243 (1986). substances on copper toxicity to Ceriodaphnia silvestrii Daday

27 Brown NL, Rouch DA and Lee BTO, Copper resistance determinants in (Crustacea, Cladocera). Ecotoxicologia 17:449-454 (2008).
bacteria. Plasmid 27:41-51 (1992). 51 Flemming CA and Trevors JT, Copper toxicity and chemistry in

28 Mickéniené L and Syvokiené J, The effect of heavy metals on the environment: a review. Water Air Soil Pollut 44:143-158
microorganisms of digestive tract of crayfish. Acta Zool Lituanica (1989)

Hydrobiol 9:37-39 (1999). 52 Ferer M, Martinez-Abarca F and Golyshin PN, Mining genomes and

29 Martin P, Kohimann K and Scholtz G, The parthenogenetic ‘metagenomes’for novel catalysts. Curr OpinBiotechnol 16:588-593
Marmorkrebs (marbled crayfish) produces genetically uniform (2005).
offspring. Naturwissenschaften 94:843-846 (2007). 53 Handelsman J, Metagenomics or megagenomics? Nat Rev Microbiol

30 Muyzer G, De Wall EC and Uitterlinden AG, Profiling of complex 3:457-458 (2005).

microbial populations by denaturing gradient gel electrophoresis 54 Ferrer M, The microbial reactome. Microb Biotechnol 2:133-135 (2009).

e
JSciFood Agric 201 2023-2029 (© 2013 Society of Chemical Industry wileyonlinelibrary.com/jsfa





image14.png
450 | W Pros Fron My F Kota DIk | & Logi @0\ | #8 pete Inter: | ser Inter: | ser i X+

c scijournals.onlinelibrary wiley.com/doi/10.1002/js aQ % & & @ Finshupdae

lew Tal ree Online YouTub... fangga Lagu Terbar... ikipedia oster Maker — Desi... £ History a roduction Strategi... S Makna Koefisien De... [B ! - Google... rotary drum ookmarks
New Tab Free Online YouTub... PL Te Lagu Terb: Wikipedi Poster Maker - D D H Prodi S % Makna Koefisien D UAS LURM! - Googl d [ All Bookmark:

Ecclogial Econamcs 8. Ago-scoogcal Tansformaton

Callfor Papers | SooaglSan o e

Volume 34 Issue 10
A0tz

Agriculture Papes 0232029

Remensrize

Interactions between accumulated copper, bacterial
community structure and histamine levels in crayfish meat

during storage
S st ot A o oo o S i s one
Frspusishec: G5 Dacember 2013 | Pcps/idoiorg 101002 fa 6519 | s 5 top journals
by industry.
Resdthe e > EEIR O rind yours!
Abstract
BACKGROUND
Pallution in aquaculture areas may negatively impact edible species and threaten o o °
sesfood quality and safey. The sim of this study was to determine the interaction T
between copper and bacteria n the aquatic habicat and their impact upon
crustaceans. Marbled crayfish was chosen a: s model of squati crustaceans and . o

the influsnce of metal contamination on bacterial community structure in water

used to culture crayfish and in crayfish themselves was investigated. Histamine. an  Cooorr oo e
allergen commonly formed by certain groups of bacteria in crustacean edible insecicidesensiviy, ecundit and
cissue during storage, was also determined ‘ndosymbion abundance nolve it 1,
Bostrocersoece Dpters: Tephriidae)
RESULTS Anastasios A Milandrakis, KyrokiVorkou,

Copper exposure increased its concentration in crayfish meat by 17.4%, but the e

copper concentration remained within acceptable food safetylimits. Flevated Satans Papadats MaraC e
copper levels affected the bacterial community both n the water used to cultivate <10 . Chiogaules
crayfish and i the marbled crayfish themselves, Cluster analysis of 165 rRNAZENS  pestansgement scitnce

based microbial community fingerprints revealed that copper impacted the.

bacterial community in the water and in the crayfish mest. However, copper
‘exposure reduced the formation of histaming in crayfish meat during storage by

Resssrch proeress on nsurat
preseruatives of meat and meat products:

% Scatons. mechansms
CONCLUSION B
Copper from the habitat sppesrs to reduce histamine accumlation in crayfish Pt . g o oo Cat Ve
mest during storage by affacting the bactari community structure of the oot e st st e
Cultvation water and most likely 150 i the Intesine of the crayfsh. From afood  Aatare

Safety point of view, copper treatment during the aqua culturing of crustaceans

has a positive impact on the postharvest stage. © 2013 Sociaty of Chemical Indu:
pes P o %Y e comeiaion betwen fiavorformstion

‘20 microbia communty oynamcs e
prep——

REFERENCES v e ——

s

1531

26/06/2024




image1.jpeg
M G mai I Bernadeta Soedarini <bsoedarini@gmail.com>

Manuscript submitted to Journal of the Science of Food and Agriculture - JSFA-13-1710,
Author's Copy

2 messages
JSFA@wiley.com <JSFA@wiley.com> Thu, Aug 8, 2013 at 7:37 PM
To: bsoedarini@gmail.com, rini_bernadeth2000@yahoo.com, kees.van.gestel@vu.nl, nico.van.straalen@vu.nl,
bwidianarko@yahoo.com, wilfred.roling@vu.nl
08-Aug-2013
Manuscript number: JSFA-13-1710, "Interactions between accumulated copper, bacterial community structure and histamine levels
in crayfish meat during storage" by Soedarini, Bernadeta; van Gestel, Comelis; van Straalen, Nico; Widianarko, Budi; Réling,
Wilfred

Dear Dr Soedarini,

Thank you for submitting the above manuscript to Jounal of the Science of Food and Agriculture. The paper is under consideration
and you will be informed of the status when the refereeing process has been completed.

To track the progress of your manuscript through the editorial process using our new web-based system, simply point your browser
to:

http://me.manuscriptcentral.com/jsfa-wiley

and log in to your author centre.

If you should have any specific deadlines directly related to this manuscript, please let us know as soon as possible.

Please remember in any future correspondence regarding this article to always include its manuscript ID number JSFA-13-1710.
If you have co-authors to this paper you must ensure that all are aware that the paper has been submitted to this journal.

Please note: The journal does accept colour figures and photographs, but there is a charge to authors to cover the additional
production costs involved in printing colour.

Thanks and best wishes,
JSFA Editorial Office
JSFA@wiley.com

PS: If you experience technical problems associated with the submission web site, please click on the "Get Help Now" link at
http://me.manuscriptcentral.com/jsfa-wiley

Bernadeta Soedarini <bsoedarini@gmail.com> Thu, Aug 8, 2013 at 9:50 PM
To: "Michael J. McCann" <mccfminc@pcpartner.net>

Mike,

See the below email: the manuscript has been sent to the JSFA (Journal of Science of Food and Agriculture).

As to the case related to my bank account, Kees called the two telecommunication providers (KPN and T-mobil). Apparently,
someone with a passport number of NRC 3P57D3 made contracts with those two telecommunication providers under the name of
SOEDARINI. As long as | can find, NRC is a code for Hongkong / Chinese passport. They also gave the phone numbers of that
person, including the address (in Beemsterstraat 80, Amsterdam). So, the criminal apparently is a Chinese, not an Indonesian.

At the moment we are still waiting for a call from American Express Service.....

| guess, tomorrow | have to come to the police office again, and also come to the ABN AMRO bank office ...

So, when you are going to leave .... Friday, right?

Rin
[Quoted text hidden]




image2.jpeg
M Gmall Bernadeta Soedarini <bsoedarini@gmail.com>

Decision letter - Journal of the Science of Food and Agriculture - JSFA-13-1710

14 messages
J.Oehlenschlaeger@gmx.net <J.Oehlenschlaeger@gmx.net> Sun, Sep 22, 2013 at 1:16 PM
To: bsoedarini@gmail.com, rini_bermnadeth2000@yahoo.com
Cc: bsoedarini@gmail.com, rini_bernadeth2000@yahoo.com, kees.van.gestel@vu.nl, nico.van.straalen@vu.nl,
bwidianarko@yahoo.com, wilfred.roling@vu.nl

22-Sep-2013

Reference: JSFA-13-1710
“Interactions between accumulated copper, bacterial community structure and histamine levels in crayfish meat during storage”

Dear Dr Soedarini,

Thank you for submitting your paper to the Journal of the Science of Food and Agriculture for consideration. Expert referees have
now reviewed it and there are a number of minor points (see enclosed comments) which we ask you to please address before the
Editors recommend acceptance of your paper.

Upon resubmission please provide:

. your revised manuscript including highlighted amendments

. a clear list of your response to Editor/reviewer comments, including page and line numbers indicating where you have made
changes

Remember to:

. use Sl units only in your paper. Use the form g kg *-1, etc. (not %) to specify content/composition/concentration, and use %
only to express proportional change. Note that the form g 100g 2-1, etc. is not correct. Avoid the use of g per 100g, for example in
food/feed composition, by using g kg ~-1 . Use xg values and not rpm.

. include the 200 word compound abstract (with Background, Results and Conclusion subheadings) if your article is an original
research paper, and carefully proof-read the manuscript to minimize typographical, grammatical and bibliographical errors.

. use the Vancouver style for references. Indicate citations at the appropriate place in the text using superscript numbers in the
strict order in which they appear, then give a full numerical list at the end of the paper.

HOW TO RESUBMIT

After revisions, please resubmit your paper through ScholarOne Manuscripts at http://mc.manuscriptcentral.com/jsfa-wiley. Go to
Author Centre > Manuscripts with Decisions > JSFA-13-1710 > Create a Revision. Here you can add your response to
Editor/reviewer comments and upload your revised paper, which will be assigned the reference number JSFA-13-1710.R1. Please
do not resubmit your revision as new! This will assign a brand new reference number and delay the progress of your manuscript.

If possible, please revise your manuscript within four weeks of receipt of this letter. If you expect revisions to take longer than this,
or if you have found that the expiry date for resubmission has passed, please email the Editorial Office at JSFA@wiley.com.

If material from another publisher has been used, the Permissions Form should be signed, scanned and uploaded with your
resubmission, designated as "Copyright/Permission forms". Please see the journal’s Author Guidelines for more details.

If you are not sure of your account access information, just use the "Password Help" section on the log in page and you will be able
to reset your password.

Thank you once again and | look forward to receiving your revised manuscript.
Yours sincerely,
Professor Joerg Oehlenschlager

Associate Editor
Journal of the Science of Food and Agriculture

Comments to the Author:




image3.jpeg
(If attachments are not provided, please access them through ScholarOne Manuscripts at http://mc.manuscriptcentral.com/jsfa-
wiley. Go to Author Centre > Manuscripts with Decisions > JSFA-13-1710 > view decision letter)

Referee: 1
Comments to Author
Reviewer's comment

The presented manuscript is written well from formal and experimental point of view and also the subject of this manuscript is
original. There are some minor remarks as mentioned below. | recommend to accept this manuscript after minor revision.

In Introduction section, | recommend to give more information about histamine content of fishery products and factors affecting
histamine formation.

In page 4, line 86, reference should be corrected according to the journal’s rules.

In Material and methods section, methods for the determination of histamine and copper should be explained more detailed.
Method validation parameters (such as LOD, LOQ) should be given in this section.

In discussion part, effects of storage on histamine content in fishery products should be discussed with literature studies.

There are many old references, newer references should be added in reference list if possible.

Referee: 2

Comments to Author

The manuscript by Soedarini et al, entitled “Interactions between accumulated copper, bacterial community structure and histamine
levels in crayfish meat during storage”, reports the measurement of copper accumulated in meat crayfish after incubating the
animals in water containing copper. The microbial community in meat and in water used to incubated leaving animals was
assessed by DGGE. Histamine production was monitored in meat during a storage period of 10 days at 5°C. The manuscript is
clear and concise and the experimental design is well described and adapted. Authors observed that when adapted for 14 in water
containing 0.5 mg Cu / L, by comparison to copper free water, crayfish accumulated copper which results in an increased copper
concentration in their meat. The abundance and diversity of bacterial population in water and in the animals changed also (it
decreased) when copper was added, as well as histamine production during grayfish meat storage decreased. Detecting bacterial
histidine decarboxylase genes, encoding the enzyme responsible for histamine, from bacterial DNA extracted from water or meat
failed even in the non-treated samples. These results are clear and convincing. However, the discussion should be shortened and
more moderate (see major comment below).

Major comment

The results are over interpreted and should be moderated and shorten in the discussion section:

- copper exposure, copper accumulation and safety limits: authors measure a copper accumulation of 32.2+/-5.6 pg/g dry weight of
meat and compare this value to the recommendation of 10 pg / g wet weight, with an extrapolation (78% water in grayfish) to 45.5
Hg/g dry weight. The calculation is correct but one cannot compare a measurement in one unit with a recommendation in another
unit. Therefore | suggest to moderate the sentence L310-311.

Interaction between copper, microbial communities and histamine level: it is clear (from authors results) that addition of Cu at 0.5
mg Cu /L (about pM solution) decreases the bacterial population in water and then in meat. However, the paragraph about copper
resistance of bacteria should also be more moderate. Many bacteria resist to doses around mM and doses used to test resistance
are about 200 uM ie much higher than the doses used in the present study. Second, the copper concentration in digestive tract is
not known and the status of resistance/sensitivity of bacteria cannot be assessed. Third, the concentration in meat is higher but not
so different in treated and untreated samples. The bacterial community is influenced by copper, but it can simply be the fitness of
bacteria (they develop more slowly or some bacterial functions are affected) which lead to a reorganization of the bacterial
community, without requiring resistance mechanisms.

Finally the failure to detect hdc gene may also be due to the fact that the histamine producers are subdominant. There is no
evidence that the Pseudomonas species, although belonging to the major flora of meat, is responsible for histamine production. As
well, only one band from DDGEG was identified, and there is no indication about the other population present in water and in meat.
Thus the conclusions drawn are too assertive and must be moderated.

Minor comments

P4, L76-77: what is the difference between copper concentration and accumulation? Would be the following sentence correct?
“The copper concentrations in crustaceans increase with the length of exposure and also depend on the organ.”

P5, L114-117: this text is redundant with paragraph L104-106. Text can be modified to: Incubation conditions were as described for
acclimation period.

P86, L148-152: was only one bead added to the tube? Then say one glass bead. Is this first part of the protocol aiming at separating
bacteria from meat and to degrade meat filaments without braking bacteria? Please explain in the protocol description.

P6-7, L147-156 and L157-160: why to use two different kits for bacterial DNA extraction. Were those as efficient? Since differences
are observed in the water vs meat DGGE profiles, how to be sure those are not caused by a difference in the DNA extraction
procedure. Please give an explanation in the manuscript.

P7, L164-169: as presented, it gives the impression that Taq polymerase is omitted in the PCR mix! 12.5 GoTaq Colorless Master
Mix 2x, containing x units Taq polymarease... correct?...

P8, L192-193: give some indication on the database used. Some databases (like RDP) are dedicated to 16S DNA identification
and curated, and therefore adapted to the analysis performed in the present manuscript, some other data bases can be erroneous
(not curated).




image4.jpeg
Reviewer’s comment
The presented manuscript is written well from formal and experimental point of view and also
the subject of this manuscript is original. There are some minor remarks as mentioned below.

Irecommend to accept this manuscript after minor revision.

In Introduction section, I recommend to give more information about histamine content of
fishery products and factors affecting histamine formation.

In page 4, line 86, reference should be corrected according to the journal’s rules.
In Material and methods section, methods for the determination of histamine and copper
should be explained more detailed. Method validation parameters (such as LOD, LOQ)

should be given in this section.

In discussion part, effects of storage on histamine content in fishery products should be
discussed with literature studies.

There are many old references, newer references should be added in reference list if possible.
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Manuscript number: JSFA-13-1710.R1, "Interactions between accumulated copper, bacterial community structure and histamine
levels in crayfish meat during storage" by Soedarini, Bernadeta; van Gestel, Cornelis; van Straalen, Nico; Widianarko, Budi; Réling,
Wilfred
Dear Dr Soedarini,

Thank you for submitting the above revised manuscript to Journal of the Science of Food and Agriculture. The paper is under
consideration and you will be informed of the status when the refereeing process has been completed.

To track the progress of your manuscript through the editorial process using our web-based system, simply point your browser to:
http://mc.manuscriptcentral.com/jsfa-wiley

and log in to your author centre.

If you should have any specific deadlines directly related to this manuscript, please let us know as soon as possible.

Please remember in any future correspondence regarding this article to always include its manuscript ID number JSFA-13-
1710.R1.

If you have co-authors to this paper you must ensure that all are aware that the paper has been submitted to this journal.

Please note: The journal does accept colour figures and photographs, but there is a charge to authors to cover the additional
production costs involved in printing colour.

Thanks and best wishes,

JSFA Editorial Office
Journal of the Science of Food and Agriculture
E: JSFA@wiley.com

PS: If you experience technical problems associated with the submission web site, please click on the "Get Help Now" link at
http://mc.manuscriptcentral.com/jsfa-wiley
Bernadeta Soedarini <bsoedarini@gmail.com> Thu, Nov 21, 2013 at 5:37 PM

To: "Michael J. McCann" <mccfminc@pcpartner.net>, Michael McCann <mccfminc@gmail.com>

Mike,
This late afternoon | finally able to submit the revision of the manuscript for the joumnal. Wish me luck :)

Rin
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Budi Widianarko <widianarko@unika.ac.id> Thu, Nov 21, 2013 at 8:41 PM
To: JSFA@wiley.com

Cc: bsoedarini@gmail.com, rini_bernadeth2000@yahoo.com, kees.van.gestel@vu.nl, nico.van.straalen@vu.nl,
bwidianarko@yahoo.com, wilfred.roling@vu.nl

Well done, RIN for your staggering energy!

BUD
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Dear Dr Soedarini,

| am delighted to inform you that your manuscript, "Interactions between accumulated copper, bacterial community structure and
histamine levels in crayfish meat during storage”, is now accepted for publication in the Journal of the Science of Food and
Agriculture. Within the next few days the corresponding author will receive an email from Wiley’s Author Services system which will
ask them to log in and will present them with the appropriate license for completion. Your article cannot be published until the
publisher has received the appropriate signed license agreement.

Subject to receipt of the appropriate signed license agreement, the article will be published online within the next few days as an
Accepted Article. This will be an unedited version but will be fully citable and will constitute the paper’s official publication date.

Once the paper has been copy-edited and typeset you shall receive the proofs. Please check the proof carefully and retum any
corrections. After any amendments have been made, the Accepted Article will be taken down, and the final version will be
published in Early View, before being assigned to an issue.

If material from another publisher has been used, and you have not already done so, please provide scanned copies of the
Permissions form by emailing them to JSFAproofs@wiley.com.

The Permission Request form can be found at:
http:/onlinelibrarystatic.wiley.com/central/prf/UKsprf.pdf

Now that your manuscript has been accepted for publication you have the option to publish your article with open access so that it
will be accessible to subscribers and non-subscribers of this journal. Your article can be published OnlineOpen in return for a
payment of an open access publication fee (US$3000). You can complete the payment of the open access publication fee via the
OnlineOpen Form which you can find at:

https://authorservices.wiley.com/bauthor/onlineopen_order.asp

Thank you for your support and we look forward to seeing more of your work in the future.

Yours sincerely,

Professor Joerg Oehlenschlager

Associate Editor

Journal of the Science of Food and Agriculture
JSFA@wiley.com
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"Gestel, C.A.M. van" <kees.van.gestel@vu.nl>, "nico.van straalen@vu.nl" <nico.van.straalen@vu.nl>, "bwidianarko@yahoo.com”
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Hi Rini et al.,

congratulations!

Wilfred

Dr. Wilfred F.M. Réling
Molecular Cell Physiology




