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This study investigated the growth of indicator aspbilage bacteria on whole Atlantic
salmon Galmo salar) stored aerobically at 2°C. On days 0, B, 8 and 10 microbiological
analysis was carried out on inner flesh and outar samples as well as outer skin swabs
(25cnf surface areas). Mesophilic total viable counts ChY on skin, flesh and swab
samples increased from 1.9, 1.1 and 2.76dUcnf to 6.0, 5.1 and 5.7 lagCFU/cnf after

10 days, respectively. Psychrotrophic counts (f)y@creased from 2.2, 1.8 and 3.11¢9
CFU/cnf to 6.2, 5.3 and 5.9 leg CFU/cnf, for skin, flesh and swab samples respectively.
Hydrogen sulphide producing bacteria (HSPB), laetood bacteria (LAB),Pseudomonas
spp., Brochothrix thermosphacta and Photobacterium spp. grew well with similar growth
rates (mean generation times of 17.2 to 26h). & eancluded that the shelf-life of salmon at
2°C was approximately 10 days and that HSPB, LR&udomonas spp, Br. thermosphacta
and Photobacterium spp. may be a better indicator of fish spoilageeathan TVC growth,

with a count of 5-6 log CFU/cnf indicating the end of shelf-life.

Keywords: Atlantic salmoralmo salar, shelf-life, spoilage bacteria.

1. Introduction

Fresh Atlantic salmonSalmo salar) is a very nutritionally and economically beneficia
product and year by year global consumption inaegémanatidou et al., 2000). However
all fresh seafoods highly perishable and the quality starts to detate immediately
following capture and continues during storagénas been estimated that 10% of the global
seafood harvest is spoiled yearly (Alfaro et ai12 Kulawik et al., 2013). Spoilage is a

complex process involving enzymatic, chemical ancrobiological changes, with the latter
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reported as the primary determinant of shelf I&adcleto et al., 2011). Due to their aquatic
nature, fish are constantly exposed to the indigenmaicroorganisms in their environment
(Horsley, 1973; Roeselers et al.,, 2011) and therrabtmicroflora of fish is therefore
determined by the local environment. Microbial gtiown seafood is supported by a diverse
nutrient composition (Ghanbari et al., 2013) arddvaurable pH (6-7) and water activity,ja

of ~ 0.99 (Boziaris et al., 2013). However if figsre immediately stored at low temperatures,
straight from harvest, microbial spoilage can byl (Badiani et al., 2013). Thus fresh
fish are stored under chilled conditions (tempermtapproaching that of melting ice), as
required in European Commission (EC) 853/2004,ntubit bacterial growth. Moreover,
(EC) 853/2004 lays down specific rules for foodibass operators (FBOs) and supplements
Regulation (EC) 852/2004 by adding specific hygieaguirements for products of animal

origin such as fish and fishery products.

Protecting consumer health is reliant on maintgjrfish at chilled temperatures and having
an appropriate shelf-life, the period of time afednich the fish should not be consumed.
Approximately 10% of foodborne outbreaks in anyegivyear are associated with the
consumption of seafood (EFSA. and ECDC., 2016; ktisd., 2000). While the majority are
allergy-type food poisoning, associated with thegenic amine, histamine (formed from
histidine by the action of bacterial histidine déxylase (Ruiz-Capillas and Moral, 2004),
pathogenic bacteria such as shiga-toxigéracherichia coli and Salmonella spp. may also

cause human illness associated with fish (CostE3;2Briesema et al., 2014);.

However, there is no consensus on which bacteoaldibe used to monitor the shelf-life of
fresh fish. Although total viable count (TVC) is st@wommonly applied, the levels reported
to indicate the end of shelf-life vary consideralftgm 5-6 logo CFU/g (Robson et al., 2007)

to 7 logo CFU/g (Liston, 1980) and 8-9 lggCFU/g (Dalgaard et al., 1997). Thus, it has

been suggested that specific spoilage bacteriaitsomight provide a better assessment of
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shelf-life than TVC (Alonso-Calleja et al., 2004tvArez-Astorga et al., 2002; Emborg et al.,
2002a; Gram and Dalgaard, 200&)yewanella spp, Pseudomonas spp. and”hotobacterium
spp., for example, are ubiquitous in the marineirenment (Emborg et al., 2002b; Janda,
2014) and colonise the fish by the skin, gills @stgointestinal (Gl) tract (Ringg and
Holzapfel, 2000). Moreover they are psychrotrofdiacteria and have been reported to be the
main spoilage organisms for chilled fish (Emborgaét 2002b; Gram and Huss, 1996;
Mgretrg et al., 2016). However, there is a deaftimformation on these and other potential

spoilage bacteria.

The objective of this study was therefore to inkgde bacteria growth (mesophilic TVC
(TVCwm), psychrophilic TVC (TVG), total Enterobacteriaceae (TEC), hydrogen sulphide
producing bacteria (HSPB, mainlyhewanella spp.), lactic acid bacteria (LAB),
Pseudomonas spp.,Brochothrix thermosphacta and Photobacterium spp.) on salmon stored
under chilled (2°C) aerobic conditions thus pronglidata which may be used to assess

which bacterial count is the most appropriate faiflife determination.

2. Materialsand Methods

2.1.Fish Samples

Farmed Atlantic salmon were obtained from a lodgah fmonger (Connolly Fish Sales,
Rathmines, Dublin 6). Each salmon was a consisizet (3-4kg) and was obtained within
48h of harvest. The fish were transported on acéhé laboratory (Teagasc Food Research
Centre, Ashtown, Dublin 15) within an hour. Oncesiie the salmon were again stored on

ice in polystyrene boxes, in a chilled room sé2°&t, for 10 days.

2.2.Microbiological Analysis
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On days 0, 2, 3, 6, 8 and 10 microbiological analygs carried out. On each sampling day
the fish was split into two sides. From one sideréhwere two samples (10g) of inner flesh
and two samples (10g) of outer skin obtained ot eddhe sampling days. From the other
side the outer skin of the fish was swabbed (Z5sunface areas) in duplicate using sterile
cellulose acetate sponges pre-moistened with marimecovery diluent (MRD, Oxoid,
Basingstoke, United Kingdom (CMO0733)). Each of theeat and skin samples were
homogenized (Pulsifier ® PUL100E, Microgen BioprottulLtd, Surrey, United Kingdom)
for 1 minute in 90ml MRD and ten-fold dilution sesi prepared up to POPlate count agar
(PCA) (Oxoid, Basingstoke, United Kingdom (CM0325Wth and without 1% NaCl was
used to estimate total viable counts (TVC) for botbsophilic (TVG,, incubated 30°C for
72h) and psychrotrophic (T\{Cincubated at 6.5°C for 240h) bacteria using steshdpread
plate techniques. Standard pour plate techniquese wased to estimate total
Enterobacteriaceae counts on violet red bile glucose agar (VRBGA) ¢ Basingstoke,
United Kingdom (CMO0485)) incubated at 37°C for 24ASPB on lIron Lyngby agar
incubated at 25°C for 72h, per ingredients usedNMKL (2006) No.184 and lactic acid
bacteria (LAB) on de Man Rogosa Sharpe (MRS) a@apbid, Basingstoke, United Kingdom
(CM0361)) incubated at 30°C for 72h. Pseudomonadntso were carried out on
Pseudomonas Agar Base (Oxoid, Basingstoke, United Kingdom (&499)), supplemented
with Cetrimide-Fucidin-Cephaloridine (CFC) supplerse (Oxoid, Basingstoke, United
Kingdom (SR0103)) incubated at 30°C for 78n, thermosphacta counts on streptomycin-
thallous acetate-actidione (STAA) agar base (Oxdd@singstoke, United Kingdom
(CM0881)), supplemented with STAA (Oxoid, BasinggtoUnited Kingdom (SRO0151E))
incubated at 25°C for 72h and Photobacterium spp.Photobacterium Broth (Sigma
Aldrich, Steinheim, Germany (38719-500G-F)), withacteriological agar (Oxoid,

Basingstoke, United Kingdom (LP0011)) added todsfylithe media, incubated at 15°C for
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168h. All three media were inoculated using stathdgoread plate techniques. Each meat,

skin and swab sample were plated out in duplicate.
2.3.Water activity (@, pH and temperature;

On each sampling day, the pH, water activity) @nd storage temperatures were monitored.
To measure the pH and,,atwo samples (10g) of both inner flesh and outen svere
obtained on each of the sampling days. The pH weasared using a pH meter (Eutech pH
5+, Thermo Fisher Scientific, Ireland). Thg @f the flesh and skin samples were measured
using a Decagon AqualLab LITE water activity metalcell Ltd, Alton, United Kingdom)
according the manufacturer’s instructions. Thekihéss, length and width of each skin and
flesh sample were also recorded, on each day, sodetermine an average total surface area

for the samples. This allowed for the log valuebeaalculated in CFU/cm

During storage, EL-USB-2 temperature data loggeascar Electronics, Whiteparish, United
Kingdom) recorded the ambient temperature of tbheage cold room environment while a
Testo 175T3 data logger (Testo, Lenzkirch, Germavg3 used to recorded skin and core

temperatures of the whole salmon.
2.4.Data analysis

The experiment was performed in duplicate and tepgean 3 separate occasions. Bacterial
counts were converted to lpgCFU/cnf. Mean generation times (G) for all bacteria (from
time t=0 to the time where the highest bacteriscemtration was recorded) were calculated
using the formula: G = t/3.3 logb/B, where t = tim&erval in h, b = number of bacteria at the
end of the time interval, and B = number of baetei the beginning of the time interval
(Koolman et al., 2014)he difference between mean values was compared asiwo way

analysis of variance (ANOVA). Graph Pad Prism \v§oftware (Graphpad Software Inc., La
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Jolla, CA, USA) was used for statistical analysisd significant differences are reported at

P<0.05.

3. Results

These results are presented below. Table 1 preentesults for the pH and, @btained
over the 10 day trial. The pH of the salmon flead akin samples followed a similar trend,
decreasing from 7.0 and 7.1 to 6.5 and 6.7, resdgt The @ for both flesh and skin
remained constant between 0.95 and 0.96. OverQlaags storage in a chilled room set at
2°C, the average ambient temperature recorded w&f&C.1The average skin and core
temperature ranged between 2.5 and 3°C, with anmaim temperature of 0°C recorded for
both. No difference in growth of TVC grown on PCAthvor without 1% NaCl was observed
(P > 0.05) and therefore only data obtained with N&&I is presented. The initial TVC
counts on skin, flesh and swab samples on day 6 ®é& 1.1 and 2.7 legCFU/cnf which
increased to 6.0, 5.1 and 5.7 J9§FU/cnt, respectively, after 10 days storage (Figure 1).
TEC increased from 0.3, 0.2 and 0.02,l0gFU/cnf on skin, flesh and swab samples to 1.5,
1.2 and 1.2 log CFU/cnf, respectively, by day 10. Figure 2 shows the gnoo¥tTV G, with
counts increasing from 2.2, 1.8 and 3.1,4&@FU/cnf to 6.2, 5.3 and 5.9 lag CFU/cnf, for
skin, flesh and swab samples, respectively. Ing@ints of 1.4, 1.4, 1.4, <1.0 and 1.81lpg
CFU/cnt for HSPB, LAB, Pseudomonas spp.,Br. thermosphacta and Photobacterium spp.

on skin samples increased to 5.5, 5.9, 5.9, 4.8&ahtbg, CFU/cnf, respectively (Figure 3).
Corresponding counts on flesh samples were 1.0, 1) <1.0 and 1.2 lag CFU/cnf
increasing to 4.4, 5.2, 5.2, 3.9 and 4.8,40§FU/cnf (Figure 4). The data for the swab
samples is shown in Figure 5. HSPB, LABseudomonas spp., Br. thermosphacta and
Photobacterium spp. counts increased by 2.8, 3.3, 3.3, 4.1 ando@o CFUlcnf,

respectively.
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The growth parameters for all bacteria investigated shown in Table 2. The mean
generation times for TVC ranged from 18.2 to 2®hloth mesophilic and psychrotrophic
groups irrespective of sample type. Enterobactedaaayrew considerably slower with mean
generation times of 60.5 to 72.7h. Interestingly thpoilage bacteria, HSPB, LAB,
Pseudomonas spp., Br. thermosphacta and Photobacterium spp. showed similar mean

generation times of 17.2 to 26h, regardless of éatype.

4. Discussion

The initial TVG, counts on skin, flesh and swab samples were 18,ahd 2.7 log
CFU/cnf. Other studies have reported initial bacterialelsvin fresh farmed salmon of
approximately 3 logy CFU/g (Briones et al., 2010; Schubring, 2003). ldear, Mgretrg et
al. (2016) found that psychrotrophic bacteria spgcsuch ashewanella spp. (HSPB) and
Pseudomonas spp., were the most prevalent spoilage organismnsd on fresh salmon fillets
and in the processing plant environment. The iInH&PB count, obtained in this study,
ranged from 1.0 to 2.2 legCFU/cnf, similar to that obtained previously on salmoni¢Bes
et al., 2010). These relatively low counts are wmmred indicative of fish of good
microbiological quality (Li et al., 2017). This ssipported by the relatively low TEC (0.02 to

0.3 logo CFU/cnf), suggesting the salmon was farmed in clean waters

The initial HSPB, LAB,Pseudomonas spp., Br. thermosphacta and Photobacterium spp.
were similar to the TVC on each of the sample tys&m, flesh and swab), but considerably
higher than the initial TEC. Moreover, the HSPB, B,APseudomonas spp., Br.
thermosphacta and Photobacterium spp. grew more rapidly (mean generation times 10.3
21.4h on flesh) than thenterobacteriaceae (mean generation time 72.7h) suggesting these

were the main spoilage bacteria. This was not uaeted as these bacteria are common in the
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low temperature waters where the salmon was farf@gdnes et al., 2010; Cruz-Romero et
al., 2008) and the storage conditions (aerobic gmuroximately 2°C) in this study favour
their growth (Linton et al., 2003; Parlapani andzBois, 2016; Parlapani et al., 2013). The
relatively high levels (4.8 to 5.8 lagCFU/cnf) of Photobacterium spp. after 10 days was
particularly significant as these bacteria produiceethylamine (TMA), a key determinant of
fish spoilage as determined by sensory evaluatidelggard, 1995)Shewanella spp. and
Pseudomonas spp. also produce volatile organic compounds whtomtribute to fish

spoilage, resulting in a negative effect on figtvflur (Magretrg et al., 2016).

By the end of shelf life (10 days), the TY@anged from 5.1 to 6.0 legCFU/cnf, TVGC,
from 5.3 to 6.2 logy CFU/cnf and the spoilage bacterial (HSPB, LABseudomonas spp.
and Photobacterium spp.) counts from 4.8 to 5.9 lggCFU/cnf. This is in agreement with
Robson et al. (2007), who found seafood spoiledwvthe bacterial count reached 5 to 6,409
CFU/cnf. In contrast Dalgaard et al. (1997) suggestedetitk of shelf life of aerobically
stored fish occurs when a bacterial concentratfod ® 9 logg CFU/cnf is achieved. This
apparent difference may be explained by differencese proportion of the total bacterial
population that is composed of spoilage bactepaci§ically the higher the proportion of
spoilage bacteria the lower the TVC associated withend of shelf life (Gram and Huss,
1996). Thus HSPB, LABRPseudomonas spp. orPhotobacterium spp. counts may be a better
microbiological indicator of shelf life than genktscterial counts such as TVC, with the

fish spoiled when these reach 5 to 6,j09FU/g or CFU/crh

5. Conclusion

It was concluded that HSPB, LABPseudomonas spp., Br. thermosphacta and

Photobacterium spp. all contributed to the spoilage of salmonmextaerobically at 2°C and



213

214

215

216

217

218

219

220

221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250

that the growth of these organisms may be a biettieator of fish spoilage, rather than TVC

growth, with a count of 5-6 lagCFU/cnf, indicating the end of shelf-life.
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321  Figure 1. Bacterial counts on Atlantic salm@&al(no salar); skin TVG, (m) and TEC ),

322 flesh TVG, (@) and TEC (O) and swab TV A) and TEC A) samples stored at 2°C for

323 10 days. Each data point and the error bars shevnt#an of 3 replicates + the standard error.
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326 Figure 2. Bacterial counts on Atlantic salm&al(no salar); skin TVG, (m), flesh TVG,
327 (@) and swab TVG(A) samples stored at 2°C for 10 days. Each daté paththe error

328 bars show the mean of 3 replicates + the standewd e

329



330

331

332

333

334

335

(o]
T

a1
T

~
T

w
T

N
T

Bacterial Counts (log CFU/cn?)

Time (Days)

Figure 3. Bacterial counts; hydrogen sulphide pooaybacteria (HSPB)M), lactic acid
bacteria (LAB) (@), Pseudomonas spp. (&), Br. thermosphacta (o) andPhotobacterium spp.
(O), on the skin from Atlantic salmofglmo salar) stored at 2°C for 10 days. Each data

point and the error bars show the mean of 3 retglica the standard error.
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Figure 4. Bacterial counts; hydrogen sulphide potlybacteria (HSPB)M), lactic acid
bacteria (LAB) @), Pseudomonas spp. (&), Br. thermosphacta (o) andPhotobacterium spp.
(O), on Atlantic salmonSalmo salar) flesh stored at 2°C for 10 days. Each data peodtthe

error bars show the mean of 3 replicates + thedstaerror.
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Figure 5. Bacterial counts; hydrogen sulphide pooaybacteria (HSPB)M), lactic acid
bacteria (LAB) (@), Pseudomonas spp. (&), Br. thermosphacta (o) andPhotobacterium spp.
(0), in swab samples from Atlantic salm@alfno salar) stored at 2°C for 10 days. Each

data point and the error bars show the mean gbigates + the standard error.



348

349 Table 1. pH and,@ameasurements as determined from skin, flesh aad samples from

350 Atlantic salmon (Salmo salar) stored at 2°C foda§s.

Day pH a
Flesh 0 7.0 0.96
2 6.8 0.96
3 7.5 0.97
6 7.2 0.94
8 6.6 0.96
10 6.5 0.96
Skin 0 7.1 0.95
2 6.9 0.95
3 7.7 0.96
6 8.0 0.95
8 6.8 0.96
10 6.7 0.96

351

352



353

354 Table 2. Growth parameters for total viable courspohilic (TVG,) and psychrotrophic
355 (TVCy), TEC, hydrogen sulphide producing bacteria (HSFaYic acid bacteria (LAB),
356  Pseudomonas spp.,Br. thermosphacta andPhotobacterium spp. as determined from skin,

357 flesh and swab samples from Atlantic salm8airfo salar) stored at 2°C for 10 days.

Treatment Initial Mean pmax Maximum
concentration| generation| (generations da}) | concentration
(logio time (h) observed
CFU/cnf) (logyo CFU/cnf)
Skin
TVCh 1.9 23.5 1.44 6.0
TVC, 2.2 18.2 0.96 6.2
TEC 0.3 60.5 0.96 1.5
HSPB 1.4 17.7 0.96 5.5
LAB 14 16.2 1.20 5.9
Pseudomonas spp. | 1.4 16.2 1.20 5.9
Br. thermosphacta | ND 15.2 1.44 4.8
Photobacterium 1.8 18.2 1.20 5.8
spp.
Flesh
TVCy 1.1 18.2 1.44 5.1
TVC, 1.8 20.8 1.20 5.3
TEC 0.2 72.7 0.24 1.2
HSPB 1.0 21.4 0.96 4.4
LAB 1.0 17.3 1.20 5.2
Pseudomonas spp. | 1.0 17.3 1.20 5.2




Br. thermosphacta | ND 18.6 1.68 3.9
Photobacterium 1.2 20.2 0.96 4.8
spp.
Skin Swab

TVCy 2.7 24.2 1.20 5.7
TVC, 3.1 26.0 0.96 5.9
TEC 0.02 60.5 1.68 1.2
HSPB 2.2 26.0 1.20 5.0
LAB 2.3 22.0 1.20 5.6
Pseudomonas spp. | 2.3 22.0 1.20 5.6
Br. thermosphacta | 0.08 17.2 1.20 4.9
Photobacterium 2.6 26.0 1.44 5.4
spp.

358
359  !calculated using the formula G = t/3.3 logh/B, veher time interval in h to when the late
360 lag phase was reached, b=number of bacteria a&nithef the time interval, and B = number

361  of bacteria at the beginning of the time interk&dlman et al., 2014)

362



The microbiology of farmed Atlantic salmon (Salmo salar) stored on icefor 10 days

Colin Fogarty, Paul Whyte, Nigel Brunton, James Lyng, Conor Smyth, John Fagan and

Declan Bolton
Highlights

1. Chilled and aerobically stored salmon had a shelf-life of approximately 10 days.
2. HSPB, LAB, Pseudomonas spp., Br. thermosphacta and Photobacterium spp. were a
better indicator of fish spoilage.

3. Spoilage bacterial counts of 5-6 logyy CFU/cm? indicated the end of shelf-life



