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A b str a c t
Background: The bacteriology during storage of the North-Atlantic cod has been investigated for 
the past decades using conventional cultivation strategies which have generated large am ount of 
information. This paper presents a study w here both conventional cultivation and cultivation 
independent approaches w ere used to  investigate the bacterial succession during storage of cod 
loins a t chilled and superchilled tem peratures.

Results: Unbrined (0.4% NaCI) and brined (2.5% NaCI) cod loins w ere stored at chilled (0°C) and 
superchilled (-2 and -3.6°C) tem peratures in air o r  modified atm osphere (MA, % C 0 2/ 0 2/N 2: 49.0 
± 0.6/7.4 ± 0.2/43.7 ± 0.4). Discrepancy was observed between cultivation enum eration and culture 
independent m ethods w here the form er showed a general dominance of Pseudomonas spp. (up to  
59%) while the la tter showed a dominance of Photobacterium phosphoreum (up to  100%).

Gas chromatography-mass spectrophotom etry  (GC-MC) showed tha t trimethylamine was the 
m ost abundant volatile in mid- and late storage periods. Terminal restriction polymorphism (t- 
RFLP) analysis showed tha t the relative abundance of P. phosphoreum increased with storage time.

Conclusion: The present study shows the bacteriological developments on lightly salted o r  non­
salted cod loins during storage a t superchilled tem peratures. It furtherm ore confirms the 
importance of P. phosphoreum as a spoilage organism during storage of cod loins at low 
tem peratures using molecular techniques. The m ethods used com pensate each other, giving m ore 
detailed data on bacterial population developments during spoilage.
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Background
The Atlantic cod (Gadus morhua) is a cold-adapted fish 
species which has been captured for hum an consumption 
for many years. It is a perishable commodity and for that 
reason, preservation methods like freezing or salting have 
traditionally been used to extend its shelf life [1,2].

The fish is a microbial ecosystem of its own where the eco­
logical principles of succession are as valid as in any other 
ecosystem. This microbiological environment consists of 
a high nutrient content with an oxygen tension favourable 
to the proliferation of fast-growing heterotrophs also 
responsible for the spoilage of food [3-5]. Until now, the 
process of fish spoilage has been investigated intensively 
with regard to sensory evaluation, chemical changes of 
volatile and non-volatile compounds and microbiological 
growth by cultivation methods [5-9].

Pseudomonas spp. and Shewanella putrefaciens were early 
recognised as putative spoilage inducers in fish muscle 
and have since then been found in various fish species 
from fresh- and marine waters as well as in other foods 
[10,11]. These species are generally associated with spoil­
age of fish stored under aerobic conditions while Photo­
bacterium phosphoreum has been reported as the main 
spoilage organism in modified atmosphere (MA) packed 
fish, being C 0 2-tolerant and producing trimethylamine 
(TMA) from trimethylamine oxide [5,12,13]. P. phos­
phoreum is not as easily cultivated as many other hetero­
trophs found in fish, as it is vulnerable to temperature 
fluctuations [14], The importance of this species during 
the spoilage of fish was therefore identified later both in 
MAP [12,14,15] and air-stored fish products [1,16,17]. 
However, storage under superchilled conditions delayed 
P. phosphoreum development in cod fillets while H2S-pro- 
ducing bacteria, most likely Sh. putrefaciens, were not 
affected and reached high levels [1], The spoilage organ­
isms involved in any given fish can vary among fish spe­
cies and its habitat. Other bacterial species have also been 
associated with fish spoilage, e.g. Brochothrix thermos- 
phacta, Aeromonas spp., Vibrio spp. and Enterobacteriaceae 
[8],

Until recently, most studies dealing with food microbiol­
ogy of fish have used conventional cultivation methods 
for estimation of bacterial growth. In recent years, the use 
of molecular methodology has increased enormously 
where microbiological diversity has been documented 
with cultivation independent methods [18-20]. The abun­
dance of selected species has furthermore been monitored 
with the use of specific detection methods such as real­
time PCR [21],

The work presented here was performed in parallel to a 
larger shelf life trial assessing the effects of brining, MA

packaging and superchilling on the shelf life and quality 
parameters of cod loins using conventional sensory, 
chemical and microbiological methods [15]. The aim of 
the present study was to examine the bacterial succession 
that occurs during storage of cod loins differently treated 
and stored under various conditions specifically using cul­
tivation independent approach and compare it against 
conventional cultivation methods.

Results
Temperature and gas measurements
During the storage trials, the average ambient temperature 
in the three coolers was 0.0 ± 0.3 °C; -2.0 ± 0.4°C a n d -3.6 
± 0.8 °C. These groups were therefore called 0, -2 and -4° C 
groups. Average loin temperature in the polystyrene boxes 
was 0.0 ± 0.4°C (0°C air-group), -1.5 ± 1.1 °C (-2°C air- 
group) and -2.8 ± 1.5°C (-4°C air-group). In these boxes, 
fish temperature of the 0°C group reached target temper­
ature on the packaging day, the -2° C group on day 5 and 
the -4° C group on day 7. The average gas composition in 
MA packages at the beginning of the experiment was C 0 2/ 
0 2/N 2: 49.0 ± 0.6/7.4 ± 0.2/43.7 ± 0.4. After 1 week stor­
age a decrease of C 0 2 (23-28%) was detected in all pack­
ages but after that the gas composition remained 
essentially the same.

Bacterial counts by cultivation during storage
Quality of the processed raw material (LS, low salt with 
0.4% NaCI) was evaluated upon packaging and the total 
psychrotrophic load (TVC) was found to contain less than 
IO4 colony forming units (CFU)/g. Initial Pseudomonas 
spp. load was tenfold lower (Fig. 1) and H2S-producing 
bacteria almost 100-fold lower than TVC (data not 
shown). P. phosphoreum was not detected (< 20 CFU/g) in 
newly packaged cod loins. Generally, air storage at -20 C 
did no t inhibit bacterial growth compared to storage at 
0°C whereas storage at -4°C clearly showed a reduced 
growth throughout the storage time (Fig. 1 and 2). In MAP 
fish, storage temperature clearly influenced bacterial 
growth, with an increased delay as temperature decreased. 
Monitoring of P. phosphoreum showed a reduction in 
growth with lower temperatures, especially when com­
bined with MA (Fig. 1).

Pseudomonas spp. showed an increasing growth during 
storage in air, both at 0 and -2°C, but with some delay at 
-4° C. MAP had a biostatic effect on pseudomonads devel­
opment, resulting in constant counts (between 3 and 4 
log10 CFU/g) at all temperatures. Similar trends could be 
seen during storage of brined (HS, high salt with 2.5% 
NaCI) fish where combining MA and lower temperature 
storage generally inhibited bacterial growth (Fig. 2). Rela­
tive ratio of selected spoilage organisms showed a large 
variation of dominance. Pseudomonas spp. were usually in 
high proportional concentrations during air storage (up
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rial g row th in air- and MA-packaged cod loins (LS) during 
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chro troph ic  viable counts in air, (black circle) presumptive 
Pseudomonas counts in MA, (white circle) presumptive Pseu­
domonas counts  in air, (black triangle) P. phosphoreum  in MA 
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B ac te ria l g ro w th  in a ir  and M A  cod loins (H S ) . Bacte­
rial g row th  in air- and MA-packaged cod loins (HS) during 
s to rage  a t  A) -2°C and B) -4°C. (black square) Total psychro­
trophic  viable counts in MA, (white square) total psychro­
trophic  viable counts in air, (black circle) presumptive 
Pseudomonas counts in MA, (white circle) presumptive Pseu­
domonas counts in air, (black triangle) P. phosphoreum  in MA 
and (white triangle) P. phosphoreum  in air.

to 58.9%) and at lower concentrations during MA storage. 
However, on day 7 at -4° C in MA storage, Pseudomonas 
spp. reached a level of 33% of the flora in both the LS and 
HS groups. P. phosphoreum was at low relative concentra­
tions (0 - 6%) except during MA storage at 0°C where it 
reached up to nearly 100% (Table 1).

Bacterial comm unity developm ent during storage by I6S 
rRNA clone analysis
Partial sequence analysis of 821 16S rRNA clones from 19 
samples in the shelf life experiment was performed (Table 
2). PCR and cloning of two samples failed (6 days storage 
in air at -4 ° C, for both LS and HS treatments). The identity
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T able I: R elative abundance (%) o f  se le c te d  bacteria l groups in sam p les from  a  sh e lf  life ex p e r im e n t o f  cod  loins by cu ltivation , I6S  
rR N A  clo n e  analysis and t-RFLP.

S to r a g e  co n d itio n s C u ltiva tion I6S t-R F L P 1

A tm o s p h e r e  (sa lt  g rou p ) T e m p . (°C) T im e  (days) P.S.2 P .p3 P.p3 P.p3

Air (LS) _ 0 7.9 Nd 0.0 0.0
Air (LS) 0 6 24.5 4.7 91.3 100
Air (LS) 0 13 28.5 6.2 95.2 84.1
Air (LS) -2 6 29.9 2.5 61.4 40.7
Air (LS) -2 15 58.9 1.3 93.3 86.2
Air (LS) -4 15 42.7 Nd 83.3 100

Air (HS) -2 6 14.0 0.5 60.0 72.3
Air (HS) -2 15 4.8 0.7 87.8 77.1
Air (HS) -4 15 73.3 0.03 86.0 73.1

MAP (LS) 0 7 1.2 1.7 97.4 85.5
MAP (LS) 0 15 0.02 > 9 9 FP FP
MAP (LS) 0 21 0.03 21.3 100 95.1
MAP (LS) -2 7 > 9 9 0.5 100 FP
MAP (LS) -2 28 0.6 0.4 100 91.9
MAP (LS) -4 7 34.3 Nd 100 Nd
MAP (LS) -4 21 3.2 0.4 100 90.0

MAP (HS) -2 13 1.4 0.1 100 94.2
MAP (HS) -2 21 6.2 0.8 95.2 62.7
MAP (HS) -4 7 33.5 0.04 52.5 Nd
MAP (HS) -4 28 19.3 0.1 91.3 64.7

'Abundancy was calculated by dividing th e  peak area of the  P. phosphoreum peak by th e  total peak area in the  t-■RFLP profile. The data was generated
from  analysis of reverse labelled Tf and digestion with AluI.
P seudom onas  spp.
3 Photobacterium phosphoreum  
Nd, n o t detected 
FP, N o PCR product

of the closest relatives in the NCBI database had in most 
cases a similarity of 95-100%. In the study, 25 different 
bacterial species were found, with 11 of them identified to 
the species level, 12 to the genus level and two unclassi­
fied genera. The estimated coverage of bacteria within a 
sample ranged from 0.88 to 1.00 (Table 2).

In general, the analysis revealed a high dominance of 
Photobacterium in all samples except in newly packaged 
cod loins (LS) where it was not detected. At packaging, the 
microflora of cod loins was dominated by Sphingomonas 
spp. and Ps. fluorescens while Variovorax spp. and 
Bradyrhizobium spp. were present at lower levels (Table 2).

A trend towards the succession of P. phosphoreum with 
time during storage was seen in all storage conditions.
Slower succession of P. phosphoreum was observed in sam­
ples stored in air than in MA. After six days of aerobic stor­
age, the dominance of P. phosphoreum was between 60 and 
71% and other bacterial species were present in lower 
numbers, e.g. Pseudomonas spp., Shewanella spp., Acineto­
bacter spp., Psychrobacter spp., Vibrio logei, Moritella spp., 
and Pseudoalteromonas spp. After further storage (13-15 
days), near the end of shelf life, P. phosphoreum increased 
its relative dominance up to 83-95% of the population 
(Table 2).
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The bacterial flora of fish stored under MA was dominated 
by P. phosphoreum, reaching levels of 91-100% of the pop­
ulation at all sampling times with one exception (day 7, 
MAP, -4°C, HS cod loins) where the dominance was 53% 
with other species in high relative quantity, including 
Chryseobacterium and Flavobacterium spp. (20 and 10%, 
respectively). When the same group had been stored for 
28 days the bacterial flora was composed of 91% P. phos­
phoreum (Table 2).

Most of the bacteria detected belong to the Gammapro­
teobacteria division, including the SSOs, while Bacterio- 
detes, Alphaproteobacteria and Betaproteobacteria had 
also representatives in the bacterial flora. Phylogenetic 
relationship between the species detected in the 16S rRNA 
analysis from all samples was depicted along with the 
division classification (Fig. 3).

Bacterial diversity during storage by t-RFLP
The num ber of operating taxonomic units (O U !) was dif­
ferent between combinations of labelled primers and 
restriction enzymes. Analysis of forward Tfs coupled with 
HaeIII digestion resulted in 12 OTUs compared to 13 
OTUs with Alul in all samples analysed. The reverse Tfs 
coupled with Haelll or Alul digestion resulted in 12 and 
17 OTUs, respectively. Principal com ponent analysis
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T a b le  2: R e la tiv e  a b u n d a n c e  (%) o f  b a c te r ia l  s p e c ie s  w ith in  s a m p le s  c o l le c te d  in t h e  sh e lf  life t r i a ls  u s in g  16S rR N A  c lo n e  ana ly sis .

B acteria l
sp ec ie s /g ro u p
(a c c e ss io n )

A ir M AP

d
0

d6 d 13 d 15 d7 d 13 d 2 1 d28

- 0°
C 2°C 2°C

0°
C 2°C 4°C 2°C 4°C

0°
C 2°C  4°C 4°C

0°
2°C  C 4°C 2°C 2°C  4°C

- LS LS H S LS LS LS HS HS LS LS LS HS H S LS LS HS LS HS

Photobacterium  
phosphoreum  
(DQ 09933 I)

- 91 61 60 95 93 83 88 7 97 100  100 53 100 100 100 95 100 91

Photobacterium
indicum
(AY77I742)

79

Photobacterium
profundum
(CR378665)

2

Sphingomonas spp. 
(EF462462)

42 - - - - - - - - - - - - - - -

Bradyrhizobium  
spp. (AB29I825)

9 - - - - - - - - - - - - - - -

Pseudomonas spp.
(various
accession ) 1

2 2 5 10 3

Pseudomonas 
fluorescens 
(EF424136)

36 2

Pseudomonas 
tolaasii (EFI 1 1 1 17)

- - 5 - - - - - - - - - - - - -

Acinetobacter spp. 
(AF500327)

- 2 2 - - 2 - - - - - 5 - - - -

Variovorax sp. 
(EF47I22I)

1 1 - - - - - - - - - - - - - -

Janthinobacterium  
lividum (EF2042I 1)

- - 1 1 - - - - - - - - - - - - 2

Psychrobacter spp. 
(AM49I457)

- - 2 0 2 - - - - 2 - - - - - - -

Psychrobacter
arcticus
(CP000082)

2

Vibrio logei 
(A Y 77I72I)

- - - 18 - - 2 12 - - - - - - 2 -

Moritella spp.
(various
accession ) 2

2 5

Moritella marina 
(AB038033)

- - - 1 1 - - - - - - - - - - - -

Shewanella spp. 
(AB 183502)

- - - 4 - 2 - - 2 - - 3 - - 2 -

Shewanella
benthica
(AB008796)

4

Pseudoalteromonas 
spp. (EFI56750)

- - - 2 - 2 - - 5 - - - - - - -

Uncultured
bacterium
(EF378I55)

2 3

Chryseobacterium - - - - - - - - - - - 2 0 - - - -
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T a b le  2: R e la tiv e  a b u n d a n c e  (%) o f  b a c te r ia l  s p e c ie s  w ith in  s a m p le s  c o l le c te d  in t h e  sh e lf  life t r i a ls  u s in g  16S rR N A  c lo n e  ana ly sis . (Continued)

Flavobacterium sp. - - - - - - - - - - - -  10 - - - - -  2
(various
accession ) 3
Acidovorax spp. . . . . . . . . . . . .  3 . . . . .
(AM286541 )
U ncultured alpha . . . . . . . . . . . .  3 . . . . .  .
p ro teobacterium
(AB074649)
Massilia aurea . . . . . . . . . . . .  3 . . . . .
(AM23I588)

T o ta l s e q u e n c e s  45 46 44  45 42 45 42 4 1 42 39 42 47 40 37 46 42 42 48 46
an a lysed
C overage (C) 98 9I 98 93 I00 93 93 I00 95 97 I00 I00 8 8  I00 I00 I00 95 I00 96

1 Accession num bers of Pseudomonas spp. sequences: E F II I250, AF45 1270, EF45 1774, D Q 777728, EF076789, EF061900
2 Accession num bers of Moritella spp. sequences: EF192283, D Q 492814, AB 12 0 6 6 1
3 Accession num bers of Flavobacterium spp. sequences: D Q 857026, DQ640006, AM689970

 C hryseob aeterium sp.
F lavob aeteriu m sp . 

Uncultured bacterium

I 0.02

" U nc ul t_a Iph a pro t eoba ct er ¡um
 B radyrhizob ium sp .
 Sphingom on as_sp.
 ___________ Acidovo ra x_sp.

------------------- V a r iovoraxsp .
i M assilia_aurea
--------------- Janthinobacterium  lividum

A cin etob actersp .
rP sych rob acterarcticu s  

Psy ch ro bac te r_sp. 
Pseud om onas_to laasii 

P se u d o m o n a ss p .E F l 11250 
 r Pseud omen as_f luo re seen s

Lpseudom onas_sp._D Q 777728
 Pseud om onas_sp._EF061900

Pseudom onas_sp._EF451774
 Shewanella_benthica

S h ew an ellasp . 
i Pseud oa lterom onassp .
■------------------------------ Mo ritella_ma rina

 Vibrio_logei
 Photo bac teriu m_phosphoreu m

i Photobacterium _profundum  
1—  n r■ Photo bacterium_indicum  

 Therm  oeoccus_onnurineus

Figure 3
Phylogenetic dendrogram  of bacterial species. Evolutionary neighbour-joining phylogenetic dendrogram of the I6S 
rRNA partial sequencing data derived from bacteria found in the shelf life experim ent of cod loins. The sequence data gener­
ated from the samples was analysed and blasted on the NCBI server. The closest relative was used for construction of the den­
drogram. The tre e  is com posed of 668 bp fragments of the 16S rRNA gene and from 8 2 1 underlying sequences which w ere 
clustered in one group if the similarity was g rea ter o r  equal to  98%. Thermococcus onnurineus was used as an outgroup. The ver­
tical bar on the right separates the different phylogenetic classes. A: Bacteroidetes, B: A lphaproteobacteria, C: Betaproteobac­
teria, D: Gam m aproteobacteria.

Page 6 of 12
(page number not for citation purposes)

http://vwvw.biomedcentral.eom/1471-2180/9/250


BMC Microbiology 2009, 9:250 http://www. biomedcentral. com/1471 -2180/9/250

(PCA) of Tf profiles showed a clear difference of the bac­
terial flora of newly packaged cod loins (LS, day 0) com­
pared to other samples (data not shown). Excluding the 
d0-samples from the analysis, a better resolution between 
other samples in the study was established (Fig. 4). It 
showed that all samples stored under MA clustered tightly 
together regardless of storage time, temperature or salt 
content. The samples stored under air showed a trend 
towards the MAP cluster with the exception of the 3 HS 
samples being situated at an opposite position in the score 
plot. Therefore, the first principal com ponent (PCI) dis­
tinguishes the air-stored HS samples from other samples 
while PC2 seems to separate the air-stored LS samples 
from early storage time (D6 Air -2° LS) to late storage

(D15 Air -2° LS), where the latter clusters with other air- 
stored and MAP samples (Fig. 4).

In this analysis PCI explained 44% of the variability and 
PC2 26%. Except for the dO-samples, P. phosphoreum dom ­
inated the bacterial flora in  all samples, with 40.7% up to 
100% abundance (Table 1) when analysing the t-RFLP 
profile of labelled forward primer and Alul digestion. 
Using this primer/restriction enzyme combination and 
analysing the sequence data of the clone library it was evi­
dent that a peak of 336 base pairs derived only from P. 
phosphoreum and Vibrio logei. Other combinations had 
more species with common terminal restriction site as P. 
phosphoreum.

0.4  —
P C 2 Scores

mms:!grcrarci

b l5A ir-4°C tS

D 6  A ir 0 ° C  LS

D13 MAP -29C HS
, D7M AP0°CLS 
- D 2 1  M A P  0 ° C  LS

D 1 3  Ai r  0 ° C  LSD 28  M A P  - 2 ° C  LS

D 2 1 M A P - 4 ° C L S  
 *— D 1 5  A i r  - 2 ° C  LS -

21 MAP -2°C HS

- 0.2

-0.4

0.6

D15 Air -4°C HS

D 6  A ir - 2 ° C  LS

PC1

-0.7 -0.6 -0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4
all trflp combi ... X-expl; 44%.26%

Figure 4
Principal com ponent analysis of t-RFLP datasets. Principal com ponent analysis of t-RFLP datasets of the bacterial flora 
derived from periodic sampling of cod loins in a shelf life experim ent. Labels correspond to  days of storage (e.g. D6 for six 
days), packaging m ethod (Air o r  MAP), storage tem perature (0, -2 o r  -4°C) and salt con ten t (low salt, LS and high salt, HS). A 
box has been added around the samples clustering tightly together for clarification.
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Gas Chromatography-Mass spectrometry
Chromatographic profile of volatile compounds pro­
duced during the storage was obtained for LS fish stored 
at -20 C (Table 3). On the second day of storage, only a few 
compounds were detected (3-methyl+1-butanol, nonanal 
and decanal) and TMA was absent bu t their quantities 
increased during the storage period. TMA was produced in 
largest amounts at later stages while substances such as 3- 
hydroxy-2-butanone (acetoin) were in relatively high 
quantities in both air and MAP samples. Ethyl acetate was 
also produced in  high quantities bu t only in the air stor­
age. Other volatile compounds were detected in lower 
amounts and are summarised in Table 3 according to their 
retention indices.

Discussion
Molecular analyses on bacterial communities in food 
have only been applied for few years [22,23]. This paper 
describes the bacterial population developments during 
storage of cod loins at chilled and superchilled tempera­
tures using both cultivation and cultivation independent 
approaches.

The molecular methods showed that the flora was 
directed towards the dominance of P. phosphoreum. More 
diversity was generally seen in early storage in air while 
during late storage, all samples showed a similar bacterial 
composition dominated by P. phosphoreum. The PCA anal­
ysis of t-RFLP patterns indicated that the higher salt con­
tent of air-stored products contributed to a different 
dominating bacterial flora as compared to other treat­
ments since those samples were plotted outside the core 
pattern in the PCA analysis (Fig. 4). P. phosphoreum was 
found to be below the detection level at the beginning of

the storage trial, bu t as soon as the fish had been stored for 
6-7 days, it showed an abundance of 53-100% among the 
population by 16S rRNA cloning analysis. Cultivation 
generally showed higher proportional levels of Pseu­
domonas spp. than P. phosphoreum in all storage conditions 
with few exceptions. It has been shown with cultivation 
that MA packaging enabled P. phosphoreum growth in fish 
products [12] while other bacterial species can dominate 
as well during air storage [1,16]. The present study con­
firms its abundance in MA conditions and its ability to 
dominate under aerobic environmental condition. P. 
phosphoreum has been shown to be able to reach high 
numbers in aerobically stored fish such as cod, squid and 
haddock [1,16,17]. In previous shelf life studies on cod 
and haddock from Iceland, P. phosphoreum counts have 
m ost often been higher than Pseudomonas spp. counts 
[1,16] but that was not the case in  this study.

Discrepancy between PCR strategies and cultivation is a 
known phenom enon where both approaches are subjec­
tive to some degree of bias [24], Cultivation can be biased 
to some extent because of different optimal growth condi­
tions and competition between bacterial species in the 
culture medium, and importantly due to the presence of 
viable bu t non-cultivable cells [25]. The Malthus conduct­
ance method is based on other principles than colony 
counts on agar media and the harsh condition (100% 
C 0 2) of the P. phosphoreum m ethod might underestimate 
their quantity in superchilled, MAP products. As shown in 
this study, superchilled condition delays the growth rate 
of P. phosphoreum and this effect is enhanced under MA 
(~50% C 0 2). It is therefore likely that some P. phos­
phoreum cells from these superchilled products may be 
partly damaged or in such a physiological state that it pro­

T able 3: V o la tile  co m p o u n d s d e te c te d  in LS cod  loins sto red  a t  -2°C as in fluenced  by sto ra g e  tim e .

C o m p o u n d  RI D B -S m s1 A iU  MAP2
D ays o f  s to r a g e  D ays o f  s to r a g e

2 13 23 13 22 28

TMA < 2 0 0 - 8 .6 2 10.7 8.4 96.6 76.2
acetic acid 2I3 - 0.7 3.5 - 4.3 4.5
2 -butanone 2I4 - - - 1.3 - -

ethyl acetate 2 2 1 - - 79.3 - - 0.5
2 -methyl-1 -propanol 229 - - 12.4 - 5.2 6.4
3-methyl-butanal 246 - 0.3 0.9 - - 1.3
I-penten-3-ol 263 - - 1.2 - 2.3 1.8

3-pentanone 2 7 1 - - 2.4 6 .8 - -
S-methyl e s te r  ethanethlolc add 279 - - 1.7 - - -

3-hydroxy-2-butanone 288 - 7.3 47.7 12 .8 48.2 58.8
3-methyl-1 -butanol 309 0 .I 2.3 30.6 1.2 7.4 I 1.9
2, 3-butanedlol 366 - - 0.5 - -

Hexan al 394 - - - - 0 .8 0 .8

Nonanal 705 1.4 0.3 - 2.3 - 1.8

Decanal 809 0 .6 - 1.4 - 1.4 0.9

'Calculated ethyl e s te r  reten tion  Index (Rl) on DB-5ms capillary column 
E x p ressed  as PAR (peak area ratio) as determ ined by GC-MS.
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longs the lag phase and/or slows down the growth rate, 
hence prolonging detection time and giving lower counts 
during the Malthus incubation. With the molecular 
approaches, the bias can be derived from the 16S rRNA 
copy numbers per bacterial genome. Data on 16S rRNA 
copy number in the P. phosphoreum genome is not availa­
ble but its close relative, P. profundum contains 15 copies 
while Ps. fluorescens and Sh. putrefaciens contain 5 and 8 
copies, respectively (insilico.ehu.es, accessed in april 
2008). Other factors such as different DNA extraction effi­
ciency on different species or incongruity in the "univer­
sal" priming sites can also influence the outcome [26,27].

The microbiological activity in a fish muscle ultimately 
leads to its spoilage where different bacterial species con­
tribute to the process in different ways. Pseudomonas spp. 
produce NH3, esters and sulphur compounds, Sh. putrefa­
ciens produces TMA, H2S, hypoxantine and other sulphur 
compounds and P. phosphoreum is able to produce hypox­
antine, alcohols, TMA and ketones in particular acetoin 
[8,9,28]. These organisms are often found in small quan­
tities in newly processed fish but typically reach high 
numbers during storage. Comparing the composition of 
microbial species and of volatile compounds it is evident 
that TMA is the most abundant volatile in mid- and late 
storage (Table 3) which supports the dominance of P. 
phosphoreum. Acetoin was also detected which can be 
linked to the presence ofP. phosphoreum [29]. Pseudomonas 
spp. and Sh. putrefaciens have been found responsible for 
the formation of volatiles sulfides, alcohols (3-methyl-l- 
butanol, l-penten-3-ol) and ketones (2-butanone) [30] 
but these volatiles were in low quantities compared to 
TMA and acetoin in cod loins which is in agreement with 
earlier studies on cod fillets [9].

The composition of the natural bacterial flora of a newly 
caught fish is dependent on its origin and season [31]. 
Therefore it could be expected that P. phosphoreum is more 
likely to dominate the microflora of fish in Northern seas 
than from warmer areas. Nevertheless, detection and 
importance of P. phosphoreum in some Mediterranean MA- 
packed fish products have been reported [12], The natural 
flora in the epidermis mucosa of newly caught North- 
Adantic cod has been characterised using 16S clone anal­
ysis, revealing Photobacterium, Psychrobacter, Pseudomonas, 
Acinetobacter, Pseudoalteromonas, and Flavobacterium 
among the commonly found species on cod epidermis 
[31]. It was reported that Psychrobacter spp. was the most 
abundant species of a 16S rRNA clone library followed by 
Photobacterium spp. in cod caught in the Baltic, Icelandic 
and North Seas. The bacterial flora of farmed cod from 
Norway was recently assessed using PCR denaturing gradi­
ent gel electrophoresis (DGGE) and it was shown that 
Photobacterium spp., Sh. putrefaciens and Pseudomonas spp. 
dominated in MA and air while Pseudomonas spp. were 
solely in dominance in oxygen enriched atmosphere dur­

ing storage [23]. However, in salt-cured cod the dominat­
ing bacteria was found to be Psychrobacter spp., 
representing more than 90% of the bacterial flora [32],

Other bacterial species detected in the study have been 
isolated and identified from various sources. Janthinobac­
terium lividum is an aerobic bacterium commonly isolated 
from the microbiota of soils and water of rivers, lakes and 
springs [33]. The importance of Flavobacterium in fish 
spoilage has not been reported and they are usually over­
grown by Pseudomonas spp. as shown in fish spoilage 
model systems [34], Flavobacterium subspecies have been 
found in other fish species such as catfish and some are 
also the causative agent of bacterial cold water disease and 
rainbow trout fry syndrome [35,36]. Sphingomonas spp. 
have been identified in marine waters and in meat 
processing plants at high levels with molecular based 
identification [37,38]. Sphingomonas and Variovorax have 
also been isolated from deep sea sediments [39]. Moritella 
spp. have been found in marine fish, e.g. Moritella viscosa 
which is a fish pathogen [40].

Conclusion
The present work describes an investigation of the succes­
sion of the dominating bacterial species during storage of 
unbrined and brined cod loins at chilled and superchilled 
temperatures under aerobic and MA conditions. Cultiva­
tion on selective media indicates a slight dominance of 
Pseudomonas spp. in air-stored samples at low tempera­
tures while molecular based methods, both 16S rRNA 
cloning analysis and t-RFLP, indicate a high dominance of 
P. phosphoreum in both air and MA packaging. Analysis of 
volatiles produced during storage at -2° C supported the 
dominance of P. phosphoreum showing intense TMA pro­
duction. The species diversity was higher after short stor­
age of less than one week, especially in air packaging, but 
with time, P. phosphoreum reached a high dominance, 
depending on the storage conditions. Discrepancy was 
observed between the conventional cultivation and 
molecular methods and requests a further investigation to 
elucidate this matter. Nevertheless, combined strategy of 
cultivation and cultivation independent methods might 
be the key for deeper understanding of bacterial popula­
tion developments during the spoilage process of food.

M ethods 
Raw material
The fish used for the shelf life experiments was captured 
by trawl in October 2006 in the North of Iceland, gutted 
onboard, washed with excessive seawater and stored iced 
in tubs until filleted, providing a temperature around 
0°C. The sea temperature was 8.5-9 °C on the day of cap­
ture. The raw material was 2-3 or 4-5 days old when it was 
filleted, deskinned, cut into loins and packaged for the 
shelf life experiment.
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Storage conditions
Earlier to packaging, a part of the fish was filleted and 
stored in 4% brine for two days at around 10 C while the 
other part was processed and cooled down in a 4% brine 
for 8 m in prior to trimming and packaging. These treat­
ments resulted in two groups with a final salt (NaCI) con­
centration of 2.5 ± 1.0% (HS) and 0.4 ± 0.2% (LS). The 
fish was stored in air (open bags in styrofoam boxes) and 
in modified atmosphere packaging (50% C 0 2, 5% 0 2, 
45% N2) at 0°C (only LS group), -2°C and -40C resulting 
in 10 treatments (Table 4). Temperatures were monitored 
with loggers placed in packages at the bottom  recording 
the temperature every 90 s. The gas composition was 
monitored using a CheckMate 9900 instrument (PBI 
Dansensor, Ringsted, Denmark). Sampling was per­
formed in duplicate periodically during the storage time. 
Aerobic samples were stored for 12 (0°C) and 15 days (- 
2°C), MA-packed samples at 0°C for 21 days but 28 days 
for superchilled products.

Cultivation
Viable microbial developments were done essentially as 
described before [16]. Presumptive Pseudomonas were cul­
tivated on modified Cephaloridine Pucidin Cetrimide 
(CPC) agar [41], H2S-producing bacteria on iron agar 
(IA), Photobacterium phosphoreum with Malthus conduct­
ance method [42] and total viable psychrotrophic counts 
on Long and Hammer's medium (LH) [43]. An estimate 
of relative abundance of specific bacterial groups in sam­
ples was calculated by dividing their count on specific 
medium by that of total viable count (LH) of each respec­
tive sample. This was done to compare the relative abun­
dance of cultivated bacteria to those obtained via 16S 
rRNA analysis.

DNA extraction
During the shelf life trials, fractions of tenfold diluted fish 
samples were collected and kept at -80° C until DNA 
extraction. Raw material and 20 storage trial samples were 
selected for 16S rRNA analysis. Template genomic DNA 
was isolated from one ml of these diluted samples as

T able 4: O v erv iew  o f  fish tr e a tm e n ts  te s te d

T r e a tm e n ts  T e m p e r a tu r e  (°C ) A tm o s p h e r e

I 0 Air
2 -2 Air
3 -4 Air
4 0 MAP
5 -2 MAP
6 -4 MAP
7 -2 Air
8 -4 Air
9 -2 MAP
IO -4 MAP
R Raw material

described before [44], The sample was centrifuged at 
11000 X g for 7 m in to form a pellet. The supernatant was 
discarded and DNA was recovered from the pellet using 
Promega Magnesil KP, Genomic system (MD1460) DNA 
isolation kit (Promega Corporation, Madison, USA) in 
combination with KingPisher magnetic beads automatic 
DNA isolation instrument (Thermo Labsystems, 
Waltham, USA).

ƒ 6S rRNA analysis
The raw material and two samples from each treatment 
were selected for DNA analysis, from early storage (days 6- 
7) and late storage (13-15 in air samples and 21-28 in MA 
samples) resulting in a total of 21 samples. The PCR reac­
tion was done by amplifying the 16S rRNA gene with uni­
versal primers, 9P and 1544R (5 '-GA GrilG  ATC 
CTGGCTCAG-3 and '5-CCCGGGATCCAAGCTTAGAAAG 
GA-3' respectively). PCR reaction conditions, cloning and 
sequencing of the PCR products obtained from the cod 
samples was performed essentially as described before 
[45]. Sequencing was performed directly after the PCR 
reaction. Partial sequencing was performed with R805 
primer; '5-GACTACCCGGGTATCTAATCC-3' resulting in 
500-600 bp read length. The species coverage by the 16S 
analysis was estimated using the equation

C = 1 -  (nl / Nt)

where C is coverage, n l  is the number of unpaired 
sequences (number of sequences that did no t group with 
any other in the annealing) and Nt is the num ber of total 
clones analyzed. Multiple alignments were carried out 
using ClustalW (v.1.83) and subsequent phylogenetic 
dendrogram of the 16S rRNA was plotted with the neigh­
bour-joining software using NjPlot.

Terminal restriction fragment length polymorphism (t- 
RFLP)
Extracted DNA from duplicate samples was pooled prior 
to PCR for the t-RPLP analysis. The PCR was performed

S a lt  c o n te n t  S a m p lin g  t im e  (days)

LS 6 , 13
LS 6 , I5
LS 6 , I5
LS 7,21
LS 7 ,2 8
LS 7,21
HS 6 , 15
HS 6 , 15
HS 13,21
HS 7 ,2 8

0
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with 9F forward primer (sequence above) with a 5' FAM 
terminal label and HEX labelled reverse primer 805R. The 
labelled PCR products were digested with / Neill and Alul 
(Fermentas, Hanover, MD, USA) in a 10 pL reaction vol­
ume for 2 h. The digested PCR product was diluted 1:20 
and 2 pL added to 8 pL of GeneScan 500 LIZ internal size 
standard (Applied Biosystems, Warrington, UK) in forma- 
mide. The fragment analysis was carried out in ABI3730 
DNA analyzer. A peak in the chromatogram, here after 
called terminal restriction fragment (t-RF), is regarded as 
one taxonomic unit. Data analysis was carried out on the 
GeneMapper software (v.4.0) using the AFLP analysis 
method. Peaks below a fluorescence threshold level of 50 
were excluded except where a clear trend of same t-RF was 
detected in other samples. Estimation of relative quantity 
of P. phosphoreum was done by calculating the ratio of its 
peak area to the total peak area generated in the chroma­
togram.

Statistical analysis o f  t-RFLP profiles
The relative abundance of each t-RF in the profile was cal­
culated by dividing the respective peak area of each t-RF 
with the total peak area generated between 50-600 base 
pairs. The profiles from different combinations of labelled 
primers and restriction enzymes were all combined in one 
dataset for principal com ponent analysis (PCA) to 
enhance the analytical power of the model. PCA of t-RFLP 
profiles from different fish samples was performed using 
the Unscrambler version 9.5 (Camo ASA, Oslo, Norway). 
The data was not weighed in order to maintain the ability 
of t-RFLP to quantitatively discriminate between peaks, 
representing different taxonomic units. Full cross valida­
tion was used.

Gas Chromatography-Mass Spectrometry
Air and MAP LS samples stored at -2° C were analysed at 
the beginning, mid- and at the end of storage. About 175 
g of fish fillets were cut in pieces and dispersed evenly on 
a sampling dish (plastic tray). Measurements and identifi­
cation of volatiles was done according to Ólafsdóttir et al.
[9].
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