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Abstract
Background
Vietnamese catfish (Pangasius hypophthalmus) is highly appreciated in many European countries, the U.S., Canada, Japan etc. This paper presents an overview of the microbiota of frozen Vietnamese catfish products marketed in Belgium. Samples of Pangasius steaks, portions and fillets from six brands were collected from supermarkets located in Ghent, Belgium.

Results
The total psychrotrophic and mesophilic aerobic counts of the samples evaluated from each brand did not differ significantly (p > 0.05) and ranged from 3.8-5.2 log CFU/g and 3.8-4.8 log CFU/g, respectively. Lactic acid bacteria counts varied from 2.2 to 4.1 log CFU/g while the counts of presumptive Enterobacteriaceae ranged from 1.6 to 3.8 log CFU/g. A total of 132 isolates were collected from the plates used to enumerate the microbial parameters mentioned above. Fourteen different genera and 18 different species were identified by means of 16S rRNA gene sequencing. The most prevalent genera of Lactococcus (31.2 %), Staphylococcus (11.7 %), Serratia (10.4 %), Acinetobacter (9.1 %), Enterococcus (7.8 %) and Pseudomonas spp. (6.5 %) were identified by means of 16S rRNA gene sequencing.

Conclusion
The results obtained provide an overview of the dominant microbiota on frozen Pangasius which is useful for the development of appropriate preservation techniques for thawed Pangasius products.


Electronic supplementary material
The online version of this article (doi:10.​1186/​s40550-016-0041-7) contains supplementary material, which is available to authorized users.

Keywords
MicrobiotaCatfish
                Pangasius
              16S rRNA gene sequence
Background
Vietnamese catfish (Pangasius hypophthalmus) products, both farmed and freshwater, are appreciated in many European countries, the U.S., Canada, Japan etc. Pangasius has become an affordable ‘white fish’ substitute for cod and other white fleshed fish species in the West (Phan et al. 2009). Although high quantities of Vietnamese Pangasius products are exported to Western countries in frozen form (e.g. 158,000 tons in 2011) (VASEP 2014), fresh Pangasius is preferred. Hence, the trading of thawed products as ‘fresh’ fish is common in Western countries. However, once thawed the fish fillets deteriorate primarily through microbiological spoilage (ICMSF 2005).
The initial microbiological flora on freshly harvested, properly handled pond reared fish products typically consists of a diverse mixture of Acinetobacter, Aeromonas, Citrobacter, Enterobacter, Escherichia, Flavobacterium, Micrococcus, Moraxella, Pseudomonas, Staphylococcus, Streptococcus and Vibrio spp. (ICMSF 2005). Obligate anaerobic lactic acid bacteria such as Carnobacterium, Lactobacillus, Enterococcus and Vagococcus are also commonly recovered from the guts of freshwater fish (Austin 2002; ICMSF 2005). More recently, isolates collected from the intestines and gills of Pangasius fish were identified by API strips as Enterobacteriaceae (49.1 % of the isolates), pseudomonads (35.2 %) and Vibrionaceae (15.7 %) (Sarter et al. 2007). Spoilage-related microbiota on Pangasius products has been well documented (Noseda et al. 2012; Tong Thi et al. 2013). The dominant microbiota on thawed Pangasius fillets stored in air and vacuum at the end of the shelf life (7 and 10 days, respectively) generally consists of Serratia and Pseudomonas spp. while lactic acid bacteria (e.g. Carnobacterium maltaromaticum and Carnobacterium divergens) and Brochothrix thermosphacta have been reported to be dominant on Pangasius products which are packaged under modified atmospheres (Noseda et al. 2012). Serratia and Pseudomonas spp. have also been isolated from imported frozen Vietnamese Pangasius products retailed in Denmark (Noor Uddin et al. 2013). Tong Thi et al. (2013) reported the high prevalence of Aeromonas, Acinetobacter, Lactococcus and Enterococcus spp. on fresh Pangasius fillets during processing at two companies in Vietnam. It was also determined in the same study that the microbial diversity on the products depended on the location, source of water, suppliers (fish farms) and production capacity (Tong Thi et al. 2013). The microbiota on frozen products could influence the shelf life of thawed products. Therefore, identification of the spoilage microorganisms on frozen Pangasius products will provide an overview of the spoilage microbiota on thawed products which would allow processors to select appropriate preservation methods for thawed products.
The major objective of this study was to determine the microbiota of frozen Vietnamese Pangasius products sold in Belgium by means of a combination of culture-dependent techniques and 16S rRNA gene sequencing.

Methods
Six different brands of frozen fish products sold as Vietnamese Pangasius in various retail outlets in Ghent (Belgium) were available at the time of sampling and were evaluated in this study. Four brands were in the form of fillets (ca. 200–220 g/fillet), one brand was in the form of steaks (ca. 70–100 g/steak) and another in the form of portions (ca. 70–80 g/piece). Three packages of each brand were purchased at the same time and kept at −20 °C until the microbiological and chemical analyses were performed. As sub-lethal injury of bacterial cells may occur during frozen storage, the samples were initially thawed over a 24 h period in a refrigerator at 4.0 ± 0.7 °C in order to enhance the recovery of the contaminating bacteria before the analyses were performed.
Physico-chemical characteristics: drip loss, water content, water activity, pH and salt content
The drip (thawing) loss, water content, water activity (a
                           w), pH and salt content of all the Pangasius products were determined as follows. The drip loss was determined as the difference (%) between the weight of the packaged Pangasius products after thawing with and without the exudates. The weight of the packages was determined after thawing before the exudates were removed by decanting after which the weight of the package was measured again. Thereafter a 150–200 g composite sample from each package was homogenised for 1 min in a commercial blender (Braun 600 W, Spain). The a
                           w and pH of the homogenates were measured in duplicate by means of a
                           w-kryometer (NAGY, Gaeufelden, Germany) and a SevenEasy pH meter (Mettler Toledo GmbH, Schwerzenbach, Swizerland), respectively. The water content of each sample was determined in duplicate gravimetrically by drying a 5 g aliquot of homogenate in aluminium dishes containing sea sand to avoid spattering for 12 h at 105 °C. The salt was extracted by boiling a 5 g homogenate in distilled water for 10 min. The chloride content in the extract was determined by titration with silver nitrate (Merck, Darmstadt, Germany) using a 5 % (w/v) chromate indicator (Merck, Darmstadt, Germany) according to the Mohr method (ISO 9297:1989).

Microbiological analyses
The fish samples for microbiological analyses were prepared separately from the fish samples for physico-chemical analyses. A 150–200 g composite sample from each package was prepared for microbial analysis. A 25 g sample was aseptically transferred to sterile stomacher bags by means of sterile scalpels and tweezers. Primary decimal dilutions were prepared by adding 225 ml of sterile physiological peptone saline (PPS, 0.85 g NaCl and 1 g neutralized bacteriological peptone (Oxoid, Basingstoke, U.K.) per L) to each of the 25 g samples. The mixtures were then homogenized in a stomacher for 1 min. Further decimal dilutions were prepared in PPS. The total psychrotrophic and mesophilic aerobic counts were determined by pour plating the decimal dilutions on Plate Count Agar (PCA, Oxoid, Basingstoke, U.K.) followed by incubation for 72 ± 4 h at 22 °C and 30 °C, respectively. The counts of presumptive Enterobacteriaceae were determined by pour plating (with an additional over layer) the decimal dilutions on Violet Red Bile Glucose agar (VRBGA, Oxoid, Basingstoke, U.K.). The VRBGA plates were incubated for 24 h at 37 °C after which all colonies were counted. Psychrotrophic lactic acid bacteria (LAB) were determined by pour plating (with an additional over layer) the decimal dilutions on de Man Rogosa Sharpe agar (MRS, Oxoid, Basingstoke, U.K) followed by incubation for 72 ± 4 h at 22 °C.

Isolation and identification of dominant microbiota
Sample preparation
From the three samples evaluated of each brand, 20–30 isolates were selected for identification taking into account as many different morphologies (e.g. color, size, and shape) as possible. These originated from the PCA, VRBGA, and MRS plates used for enumeration. A total of 132 isolates were purified by successive 4 × 4 streak plating (and microscopic analysis). The DNA was extracted from these isolates as described below.

DNA-extraction
DNA extraction was performed according to the protocol of Flamm et al. (1984) with minor modifications. In brief, lysostaphine (0.5 mg/ml; Sigma) and mutanolysine-lysozyme solution (1 U/ml mutanolysine, Sigma; 2.5 mg/ml lysozyme, Roche) dissolved in HPLC water and TE-buffer [0.05 M Tris, (Invitrogen); 0.02 M EDTA (Merck), pH 8], were added to a pellet of each isolate grown on Tryptone Soya Agar (Oxoid, Basingstoke, U.K.) at 30 °C for 24 h. The quality and quantity of DNA templates were tested beforehand by means of a spectrophotometer (Nanodrop, Isogen).

rep-PCR
All isolates were grouped into clusters on the basis of the similarity of their fingerprints obtained with (GTG)5-PCR, which is a rep-PCR technique. The microbial DNA was used as a template in the PCR-reaction. Reactions were carried out in 25 μl volume containing microbial DNA (50 ng/μl), 1x RedGoldstar buffer (75 mM Tris-HCl; Eurogentec) and a final concentration of 3.4 mM of (GTG)5 primer (Eurogentec), 1.5 mM Mg2Cl (Applied Biosystems), 1 U RedGoldStar DNA polymerase (Eurogentec) and 0.2 mM of each deoxynucleotide triphosphate (GE Healthcare Europe GmbH). Amplification was done in a Geneamp PCR 9700 Thermocycler (Applied Biosystems) using the amplification conditions as follows: initial denaturation at 95 °C for 7 min, 30 cycles of 1 min at 94 °C, 1 min at 40 °C, 8 min at 65 °C and a final 16 min extension at 65 °C (Versalovic et al. 1994). PCR products were size separated in a 1.5 % Seakem LE agarose gel (Lonza) in 1xTBE buffer (0.1 M Tris, 0.1 M Boric acid, 2 mM EDTA) at 120 V for 4 h. The (GTG)5 profiles were visualized under UV light after staining with ethidium bromide for 30 min. and a digital image was captured using the G:BOX camera (Syngene). The resulting fingerprints were compared using the Bionumerics version 6.5 software package (Applied Maths, Sint-Martens-Latem, Belgium) using the EZ load 100 bp PCR Molecular Ruler (Biorad) as normalization reference. The similarity between the fingerprints was calculated using the Pearson correlation (1 % optimization and 1 % position tolerance). The fingerprints were grouped according to their similarity by use of UPGMA (unweighted pair group method with arithmetic averages algorithm).

Identification of the microbial isolates by sequence analysis
A 1500 bp fragment of the 16S rRNA gene was amplified by PCR using forward 16 F27 and reserve 16R1522 primers (Brosius et al. 1978). Amplification was performed as follows: initial denaturation at 94 °C for 1 min, 25 cycles at 94 °C for 15 s, 60 °C for 15 s and 72 °C for 30 s followed by an elongation step at 72 °C for 8 min. All PCR products were purified for sequencing with a High Pure PCR product purification kit (Roche) according to manufacturer’s protocol and stored at −20 °C. The quality and quantity of the purified PCR products were verified on a 1.5 % agarose gel. The sequence reactions were then performed at Macrogen (Seoul, Korea), using a template of 30–50 ng PCR product DNA and 0.2 μM of primer 16 F27 (16S forward primer). The partial 16S rDNA sequences (around 900 bp) were compared with validly published prokaryotic names in the EzTaxon server (http://​www.​eztaxon.​org/​; (Chun et al. 2007) to determine the closest phylogenetic relatives of the strains and calculate levels of 16S rDNA gene sequence similarity. A minimum of 98.5 % of similarity (unless otherwise indicated) with a EZTaxon entry was used to identify the isolates to the genus level and to the tentative species level. All isolates were additionally characterized by Gram staining, oxidase and catalase test.


Statistical analysis
Results of the physico-chemical characteristics and the microbiological analysis (log CFU/g) were reported as mean value ± standard deviation of triplicates per product (brand). Differences in the mean counts (log CFU/g) of the sampled products were statistically assessed using one way Analysis of Variance (ANOVA) in SPSS version 20 (IBM Inc., Chicago, Ill., USA) when a Shapiro-Wilk test indicated that the means were normally distributed. If a Levene test confirmed heteroscedasticity, a Tamhane’s T2 test was used. A non-parametric Kruskal-Wallis H-type test was performed in case the data showed non-normality. Thereafter, comparison of the paired means was done using the Mann-Whitney U test (α = 0.05).


Results
Physico-chemical characteristics of frozen Pangasius marketed in Belgium
The results of physico-chemical characteristics performed on the samples are shown in Table 1. The mean water content of the thawed Pangasius fillets ranged from 79.3 to 87.7 %. Fillets from brand 3 had significantly higher water content than the fillets from the other brands. The Pangasius steaks evaluated in this study had significantly lower water content (74.0 %) than the fillets and portions (p < 0.05). The mean drip (thaw) losses of the fillets ranged from 7.5 to 16.8 %. The drip losses of fillets from brand 4 (mean = 7.5 %) were significantly the lowest (p < 0.05) of the four brands of filleted Pangasius products evaluated. The portions had the smallest drip losses (p < 0.05) of any of the products evaluated; these being on average ca. 3 and 6 times lower than the fillets of brand 4 and 1, respectively. No correlation occurred between the water content and drip losses. The mean a
                           w values of the fillets ranged from 0.990 to 0.995, with fillets from brand 3 (a
                           w 0.990) having significantly lower a
                           w (p < 0.05) than those of fillets from brand 1 to 2. The steaks and portions had a
                           w values (both a mean of 0.994) which were in the same range as fillets.Table 1Physico-chemical characteristics of Vietnamese Pangasius products marketed in Belgium


	Product type
	Water content (g/100 g wet fish)
	Drip loss (%)
	
                              a
                              w
                            
	pH
	Salt content (%)

	Fillets (brand 1)
	79.3 ± 1.2a*
                                          
	16.8 ± 0.2e*
                                          
	0.9950 ± 0.0001a*
                                          
	6.5 ± 0.0a*
                                          
	0.12 ± 0.0a*
                                          

	Fillets (brand 2)
	80.5 ± 1.5a
                                          
	10.5 ± 1.7d
                                          
	0.9947 ± 0.0002a
                                          
	6.7 ± 0.3a
                                          
	0.28 ± 0.2abcd
                                          

	Fillets (brand 3)
	87.7 ± 0.9c
                                          
	11.9 ± 3.9d
                                          
	0.9896 ± 0.0007c
                                          
	8.2 ± 0.2c
                                          
	0.93 ± 0.2b
                                          

	Fillets (brand 4)
	80.0 ± 0.3a
                                          
	7.5 ± 0.1c
                                          
	0.9947 ± 0.0003abc
                                          
	6.5 ± 0.1a
                                          
	0.23 ± 0.1c
                                          

	Steaks (brand 5)
	74.0 ± 2.1b
                                          
	12.6 ± 1.8bd
                                          
	0.9939 ± 0.0008b
                                          
	6.2 ± 0.1b
                                          
	0.49 ± 0.1d
                                          

	Portions (brand 6)
	80.0 ± 1.4a
                                          
	2.6 ± 1.4a
                                          
	0.9944 ± 0.0002ab
                                          
	6.5 ± 0.1a
                                          
	0.22 ± 0.1ac
                                          



                                    *Data are expressed as mean value ± standard deviation of three replicates. Means with a different superscript letter in the same column indicate where statistically (p ≤ 0.05) differences occurred between products that were evaluated in this study



                        
The mean pH values of the fillets ranged from 6.5 to 8.2. The pH of the Pangasius fillets from brand 3 (mean = 8.2) were significantly higher (p < 0.05) than those of the fillets from the other three brands evaluated. The mean pH values of the portions did not differ significantly (p > 0.05) from that of fillets from brands 1, 2 and 4, whilst the Pangasius steaks (mean pH value = 6.2) had significantly lower pH values (p < 0.05) than those of the fillets and portions. The salt content (based on the chloride content) of the fillets ranged from 0.12 to 0.93 %. As for the pH, the NaCl content of the Pangasius fillets from brand 3 (mean = 0.93 %) were significantly higher (p < 0.05) than those of the fillets from the other three brands evaluated. The portions had a similar NaCl content to fillets of brands 1, 2 and 4 whilst the steaks had a mean NaCl content (0.49 %) which was significantly higher (p < 0.05) than those of the portions and fillets of brands 1 and 4, but significantly smaller (p < 0.05) than that of fillets from brand 3.

Microbiota of frozen Pangasius fish
The microbial quality of frozen Pangasius products marketed in Belgium is shown in Table 2. The total psychrotrophic aerobic counts (TPC) ranged from 3.8 to 5.2 log CFU/g, whilst the total mesophilic aerobic counts (TMC) ranged from 3.8 to 4.8 CFU/g. The TPC and TMC for each brand of fish did not differ significantly from each other (p > 0.05). With regard to the fillets, it can be seen that the TPC and TMC on fillets from brand 2 were both significantly lower (p < 0.05) than those on fillets from the other three brands. The counts of lactic acid bacteria (LAB) varied greatly between products, with significantly lower (p < 0.05) LAB occurring on the fillets from brand 2 than those found on the fillets from the other three brands. However, LAB counts from brand 2 did not differ significantly (p > 0.05) from these counts on the steaks and portions sampled. The counts of presumptive Enterobacteriaceae were highest on the fillets from brand 1 (3.8 ± 0.2 log CFU/g) while the lowest counts were found on the portions from brand 6 (1.6 ± 0.6 log CFU/g).Table 2Microbiota of Vietnamese Pangasius products marketed in Belgium


	Product type
	Total psychrotrophic aerobic counts (TPC)
	Total mesophilic aerobic counts (TMC)
	Psychrotrophic lactic acid bacteria
	Presumptive Enterobacteriaceae

	Fillets (brand 1)
	4.7 ± 0.3bd*
                                          
	4.8 ± 0.4a
                                          
	4.0 ± 0.7a
                                          
	3.8 ± 0.2a
                                          

	Fillets (brand 2)
	3.8 ± 0.1a
                                          
	3.8 ± 0.0b
                                          
	2.2 ± 0.5bc
                                          
	2.9 ± 0.0b
                                          

	Fillets (brand 3)
	5.2 ± 0.2b
                                          
	4.5 ± 0.3ac
                                          
	4.1 ± 0.1a
                                          
	3.0 ± 0.4bd
                                          

	Fillets (brand 4)
	5.1 ± 0.4bd
                                          
	4.6 ± 0.2a
                                          
	4.0 ± 0.1a
                                          
	2.9 ± 0.2b
                                          

	Steaks (brand 5)
	4.6 ± 0.2cd
                                          
	4.8 ± 0.1a
                                          
	2.7 ± 0.1c
                                          
	2.5 ± 0.2d
                                          

	Portions (brand 6)
	4.4 ± 0.1c
                                          
	4.3 ± 0.1c
                                          
	2.3 ± 0.1b
                                          
	1.6 ± 0.6c
                                          



                                    *Data are expressed as mean value ± standard deviation (log CFU/g) of three replicates. Means with a different superscript letter in the same column indicate where statistically (p ≤ 0.05) differences occurred between products that were evaluated in this study



                        

Identification of the isolates collected from different products
A total of 132 isolates were collected from the plates used to enumerate the aerobic counts, presumptive Enterobacteriaceae and lactic acid bacteria on the frozen Pangasius products evaluated in this study. These isolates were clustered based on their rep-PCR fingerprints. Each cluster consisted of at least four isolates with a similarity level of at least 65 %. From this cluster analysis, two representative isolates of each cluster were selected for further analysis by 16S rRNA gene sequencing and thereafter the tentative identification was extrapolated for the entire group of isolates in each cluster.
The identification of 76 selected isolates (of which 33 were Gram negative and 43 were Gram positive) included 14 different genera and 18 different species (Table 3 and Additional file 1). On the basis of the total number of isolates identified, Acinetobacter, Serratia, Staphylococcus and Lactococcus spp. were highly frequent, representing 10.5, 7.9, 11.8, and 31.6 % of the isolates, respectively. Lactococcus spp. were isolated from five of the six brands evaluated, the only exception was fillets from brand 3. Enterococcus, Stenotrophomonas, Chryseobacterium and Empedobacter spp. were found only on fillets from brand 3. In addition, Serratia spp. were identified on the portions and steaks while Enterobacter and Morganella spp. were identified only on fillets from brand 1 to 4, respectively. Staphylococcus spp. was identified on the portions and fillets (from brands 1 to 2). The other microbiota identified on Pangasius sampled included Klebsiella (brand 1 and 5), Pseudomonas (brand 1 and 4), Arthrobacter (brand 2), and Macrococcus spp. (brand 1).Table 3Genera and species isolated from different Pangasius products sold in Belgium


	Isolatea
                                          
	Fillets (brand 1)
	Fillets (brand 2)
	Fillets (brand 3)
	Fillets (brand 4)
	Steaks (brand 5)
	Portions (brand 6)
	Total isolates
	Prevalence (%)

	
                                            Acinetobacter spp.
                                          
	1b
                                          
	 	3
	 	4
	 	8
	10.5

	 
                                             Acinetobacter johnsonii
                                          
	 	 	 	 	2
	 	 	 
	 
                                             Acinetobacter beijerinckii
                                          
	1
	 	3
	 	 	 	 	 
	 
                                             Acinetobacter haemolyticus
                                          
	 	 	 	 	2
	 	 	 
	
                                            Pseudomonas spp.
                                          
	2
	 	 	3
	 	 	5
	6.6

	 
                                             Pseudomonas mosselii
                                          
	 	 	 	3
	 	 	 	 
	 
                                             Pseudomonas beteli
                                          
	2
	 	 	 	 	 	 	 
	
                                            Stenotrophomonas spp.
                                          
	 	 	1
	 	 	 	1
	1.3

	 
                                             Stenotrophomonas maltophilia
                                          
	 	 	1
	 	 	 	 	 
	
                                            Serratia spp.
                                          
	 	 	 	 	1
	5
	6
	7.9

	 
                                             Serratia nematodiphila
                                          
	 	 	 	 	1
	5
	 	 
	
                                            Enterobacter spp.
                                          
	4
	 	 	 	 	 	4
	5.3

	 
                                             Enterobacter hormaechei
                                          
	4
	 	 	 	 	 	 	 
	
                                            Klebsiella spp.
                                          
	1
	 	 	 	2
	 	3
	3.9

	 
                                             Klebsiella pneumoniae
                                          
	1
	 	 	 	2
	 	 	 
	
                                            Morganella spp.
                                          
	 	 	 	2
	 	 	2
	2.6

	 
                                             Morganella morganii
                                          
	 	 	 	2
	 	 	 	 
	
                                            Chryseobacterium spp.
                                          
	 	 	2
	 	 	 	2
	2.6

	 
                                             Chryseobacterium indologenes
                                          
	 	 	2
	 	 	 	 	 
	
                                            Arthrobacter spp.
                                          
	 	2
	 	 	 	 	2
	2.6

	 
                                             Arthrobacter protophormiae
                                          
	 	2
	 	 	 	 	 	 
	
                                            Lactococcus spp.
                                          
	2
	3
	 	8
	7
	4
	24
	31.6

	 
                                             Lactococcus garvieae
                                          
	 	3
	 	8
	7
	4
	 	 
	 
                                             Lactococcus lactis
                                          
	2
	 	 	 	 	 	 	 
	
                                            Enterococcus spp.
                                          
	 	 	6
	 	 	 	6
	7.9

	 
                                             Enterococcus casseliflavus
                                          
	 	 	6
	 	 	 	 	 
	
                                            Macrococcus spp.
                                          
	2
	 	 	 	 	 	2
	2.6

	 
                                             Macrococcus caseolyticus
                                          
	2
	 	 	 	 	 	 	 
	
                                            Staphylococcus spp.
                                          
	2
	1
	 	 	 	6
	9
	11.8

	 
                                             Staphylococcus sciuri
                                          
	2
	1
	 	 	 	6
	 	 
	
                                            Empedobacter spp.
                                          
	 	 	2
	 	 	 	2
	2.6

	 
                                             Empedobacter brevis
                                          
	 	 	2
	 	 	 	 	 
	Total of strain abundance
	14
	6
	14
	13
	14
	15
	76
	100

	Number of species
	7
	3
	5
	3
	5
	3
	 	 


                                    aIdentification results on genus and species level; species identifications are only tentative

                                    bThe frequency of identified isolates based on rep-clustering and partial 16S rRNA gene sequence analysis with cut-off value of 98.5 % similarity with type strains of validly published prokaryotic names in EZTaxon database. The percentage of total number of isolates of each genus is listed in the last column



                        


Discussion
Physico-chemical characteristics
The results of the physico-chemical characteristics analyses of the frozen Vietnamese Pangasius products marketed in Belgium generally confirmed the findings of previous studies on Pangasius products. In agreement with our findings, Usydus et al. (2011) determined that the water content of frozen Vietnamese Pangasius products marketed in Poland was 84.7 ± 0.3 %. Karl et al. (2010) reported that frozen Vietnamese Pangasius products marketed in Germany had lower values of water content which ranged from 78.1 to 83.3 %, value of drip losses between 12.5 and 24.6 % and pH values between 6.3 and 7.6. Orban et al. (2008) reported that frozen Vietnamese Pangasius products marketed in Italy had values of water content which ranged from 80.1 to 85.0 %, and pH values between 7.56 and 7.96. In the same study, a high sodium content (0.222–0.594 %) was determined in the Pangasius products. This was assumed to be a result of the fish being possibly treated with water-binding additives of polyphosphate before freezing (Orban et al. 2008). The same conclusion was also derived by Karl et al. (2010) for Pangasius products marked in Germany by means of differential scanning calorimetry which showed a decreased thermal stability in the protein domains of the fish. The use of phosphate in both fish and meat can increase water retention and reduce thaw loss as a result of an increase in the pH and ionic strength and binding of phosphate to the protein (Thorarinsdottir et al. 2001; Kaufmann et al. 2005; Gonçalves et al. 2008). Brand 3 fillets were most likely treated with water-binding additives as they had the highest water content (87.7 ± 0.9 %), lowest water activity (0.9896 ± 0.0007), highest pH (8.2 ± 0.2) and a very high salt content (0.93 ± 0.2 %). It is necessary to investigate further the composition of additives used during processing and their impacts on the quality and safety in general and the microbiota of Pangasius products in particular.

Microbiota of frozen Pangasius products marketed in Belgium
The TPC (3.8 to 5.2 log CFU/g) on the Pangasius products were not significantly different (p > 0.05) from the TMC (3.8 to 4.8 log CFU/g). These values are below the acceptance limit for frozen Pangasius fillets established by Vietnamese Science & Technology Ministry (TCVN 2010) and for fresh fish developed by the Laboratory of Food Microbiology and Food Preservation (Ghent University) (Uyttendaele et al. 2010). Moreover, the TMC cannot always give a realistic estimation of the microbial contamination levels in food, especially foods stored at chilling or freezing temperatures. Some previous studies have reported that the TMC are not sufficient for enumerating the microbial counts of a packaged food product stored at chilling or freezing temperature (Broekaert et al. 2011; Pothakos et al. 2012). However, either TPC or TMC can use to enumerate the total microbia counts for frozen Pangasius fillets (orginated from the tropical areas of Vietnam). This is consistent with previous results observed on frozen Pangasius originating from Vietnam that were processed for export to Belgium and other European countries (Tong Thi et al. 2013; Noseda et al. 2013; Noseda et al. 2012). The lactic acid bacteria (LAB) counts varied greatly between the products. The highest LAB counts, 4.1 ± 0.1 log CFU/g, were observed on the fillets from brand 3. These counts were in agreement with those obtained by Noseda et al. (2012), who found 3.9 ± 0.1 log CFU/g of LAB on thawed frozen Vietnamese Pangasius intended for a study regarding the effect of modified atmosphere packaging. However, these and our counts were generally higher than those observed on frozen Pangasius fish sampled after production in Vietnam (1.5 ± 0.3 to 3.4 ± 0.4 log CFU/g) (Tong Thi et al. 2013). It is possible that the mesophilic LAB on the frozen Pangasius fish sampled after production in Vietnam were less dominant than the psychrotrophic LAB on the Pangasius fillets evaluated in this study and by Noseda et al. (2012). Of the LAB identified in the samples, Lactococcus spp. were the most prevalent (31.6 %). These results were in agreement with the findings of our previous study on Pangasius fish during processing (Tong Thi et al. 2013). Lactococcus and Enterococcus spp. have previously been isolated from lightly preserved salmon products such as cold smoked, salted and dried salmon (Françoise 2010). Both L. lactis and L. garvieae are also associated with fresh and marine water in tropical areas (Michel et al. 2007). In addition to their association with fish farm environments, they are also sometimes isolated from human and other mammalian clinical cases (Michel et al. 2007).

                           Enterococcus spp. can tolerate high salts concentrations (Harwood et al. 2000), which can explain that they were only isolated from brand 3 fillets. With regard to the presumptive Enterobacteriaceae, various isolates of Enterobacter, Klebsiella, Morganella and Serratia spp. were identified. The incidence of these isolates appeared to be dependent on how the frozen Pangasius was processed as Serratia was isolated from steaks and portioned Pangasius products, whilst Enterobacter and Klebsiella were isolated from fillets (brand 1) and Morganella from fillets (brand 4). Differences between the types of Enterobacteriaceae contaminating frozen Pangasius products in Vietnam have also been found on the basis of the size of the processing plant. Frozen Pangasius fillets processed in a large plant were determined to be contaminated by Serratia spp. whereas those processed in a small scale plant were contaminated by Enterobacter, Klebsiella, and Morganella spp. (Tong Thi et al. 2013). Kim et al. (2003) also pointed to the importance of sanitation in the fish processing plant to prevent cross-contamination with Enterobacter, Klebsiella, and Morganella. Moreover, species belonging to the Enterobacteriaceae family are in general frequently isolated from intestines of tropical and farmed fish (ICMSF 2005; Apun et al. 1999) and Vietnamese Pangasius (Sarter et al. 2007; Tong Thi et al. 2013). Contamination of the flesh by these species is likely to occur during gutting (for Pangasius steaks) and manually filleting (for fillets and portions) (Tong Thi et al. 2013; Noseda et al. 2013; Tong Thi et al. 2014). Based on our previous studies, it is suggested that producers have to pay a lot of attention during gutting and filleting such as sanitation of knives, gloves, cutting boards, etc. in order to control the microbial quality. In other words, both gutting and filleting steps may be suggested as critical control points during processing Pangasius products. Similarly, based on our findings of Tong Thi et al. (2013) combined with the results obtained from this study, we suggest that Enterobacter, Klebsiella, Morganella and Serratia spp. may be good indicators of the microbial quality for Pangasius fish. The growth of these species can be prevented by applying low temperature (i.e. 0 to 4 °C) and modified atmosphere packaging techniques such as vacuum or packaging in modified atmospheres (Baylis 2006). Furthermore, the counts of presumptive Enterobacteriaceae were highly variable among the products, ranging from 1.6 ± 0.6 to 3.8 ± 0.2 log CFU/g. It has to be mentioned that the approach used in this study can only give an idea of the presumptive Enterobacteriaceae. Acinetobacter and Pseudomonas spp. were also identified for isolates growing not only on non-selective PCA but also on selective VRBGA plates.
The ability of Acinetobacter spp. to grow on both non-selective (PCA) and selective media (VRBGA), may have contributed to the high prevalence of Acinetobacter spp. (10.5 %) on the frozen Pangasius fish evaluated in this study. In addition, Acinetobacter and Pseudomonas spp. have been isolated from the intestines of fish (Hovda et al. 2007; Merrifield et al. 2009; Ringø et al. 2006) and therefore may potentially contaminate the fish during processing. This is supported by our previous findings where Acinetobacter and Pseudomonas spp. were detected on Pangasius samples collected at the filleting and trimming steps of processing in Vietnamese companies (Tong Thi et al. 2013). Moreover, Pseudomonas spp. have also been determined to be the dominant spoilage bacteria on thawed Pangasius stored in air at 4 °C (Noseda et al. 2012). The spoilage capacity of the isolates identified in this study should be further evaluated to provide better insights into their spoilage mechanisms.
The prevalence of Staphylococcus sciuri (11.8 %) on frozen Pangasius was relatively high. Staphylococcus sciuri has found in humans (Stepanović et al. 2005) and also in gut (Boari et al. 2008), therefore they could have been transferred to the products via human contact during handling and processing. S. sciuri has been identified in various food products of animal origins such as meat and meat products; milk and milk products and fish and fish products (Garcıa et al. 2002; Papamanoli et al. 2002). S. sciuri is the most frequently reported histamine-forming bacterium in cod, escolar steaks, swordfish fillets, cold smoked rainbow trout and whole and filleted catfish (Hwang et al. 2012; Chang et al. 2008; Ramos and Lyon 2000).

                           Empedobacter, Macrococcus, Arthrobacter, Chryseobacterium and Stenotrophomonas spp. were less prevalent in the frozen Pangasius products evaluated in this study. Stenotrophomonas maltophilia, an important opportunistic pathogen, has been also isolated from channel catfish in China (Geng et al. 2010). Chryseobacterium indologenes has also been found on Pangasius fish sampled during processing in Vietnam (Tong Thi et al. 2013) and frozen Pangasius exported to Denmark (Noor Uddin et al. 2013). Chryseobacterium indologenes has been isolated from diseased yellow perch (Pridgeon et al. 2013) whilst Chryseobacterium spp. are known to be widely distributed in the environment and soil (Benmalek et al. 2010), and fresh water (Kim et al. 2008; Park et al. 2008).


Conclusion
A high prevalence of Pseudomonas (6.5 %), Enterococcus (7.8 %), Acinetobacter (9.1 %), Serratia (10.4 %), Staphylococcus (11.7 %) and Lactococcus spp. (31.2 %) was determined on thawed Vietnamese Pangasius products marketed in Belgium. These results are crucial as currently very little is known about the microbiota of thawed Pangasius products marketed in the West as ‘fresh’ Pangasius products. This knowledge is important with regards to the development of suitable preservation techniques such as vacuum and modified atmosphere packaging to inhibit the microorganisms contaminating thawed Pangasius fish.
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