










































































































































































































































































































































































































































































Salmon muscle blocks.

Microbiological analyses were performed by mixing 10 g salmon sampled from all
parts of vacuum packs to obtain a representative sample with 90 ml PS for 30 s in a
~ Stomacher 400 Lab Blender (A. J. Seward, Bury, St. Edmunds, UK). For all bacteria and
uninoculated samples, spread“ plates were made from TSA and counted after 5 days at 10°C
for total psychrotrophic counts (TPC). Lactic acid bacteria strains were enumerated on the
selective agar Nitrite Actidion Polymyxin agar (NAP) with pH 6.7 (Davidson & Cronin,
1973; Truelstrup Hansen et al., 1995a) incubated for 3 days at 25°C, after which typical
colonies were counted. Violet Red Bile Glucose agar (VRBG, Oxoid) with bottom layer of
TSA was used to enumerate Enterobacteriaceae strains and after 2 days at 25°C, typical
colonies with a violet precipitation zone were counted. - An estimate of the heat sensitive P.
phosphoreum was obtained by subtracting -pour plate.counts in TSA (3 days at 25°C) from
TPC. All samples were also examined by phase contrast microscopy on 10 dilutions. The
tentative identity of the bacteria growing on the salmon blocks was monitored on isolates

from TPC plates using the criteria mentioned above.
Sensory analysis.

Production of off-odours by the inoculated bacteria was evaluated in relation to
uninoculated samples by 2-3 judges. The uninoculated samples served as references.
Approximately 10 g salmon or 5 ml salmon juice was incubated in petri dishes at room
temperature (21-23°C) for 30 min. The judges described the presence, characteristics and
intensity of off-odours in the samples as compared to the reference samples with their own

words.

Chemical analysis.

Salt and dry matter.

Salt analysis were performed using the AOAC (1975) method on salmon homogenates
or salmon juice. Salt content was expressed as % NaCl in water phase of salmon. For
determination of dry matter content, approximately 2 g salmon (+ 0.0001 g) was weighed
and dried at 105°C for 20-24 h (until constant weight was obtained).
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Nucleotides.

The HPLC method of Murray et al. (1985) was used on neutralised and filtered
perchloric acid (PCA) extracts prepared from 20 g salmon and 40 ml 0.6 M PCA or 10 ml
salmon juice and. 15 ml 0.6 M PCA. Unknown peaks were identified and quantified
externally with freshly prepared standards from Sigma. o

Organic acids.

Acetic acid in salmon juice was determined enzymatically with the kit from
Boehringer Mannheim (Biochemica, Mannheim, Germany) on the neutralised and filtered
PCA extract following the manufacturer’s instruction. Organic acids in salmon muscle
blocks were ‘determined on PCA extracts with the HPLC method described by Truelstrup
Hansen et al. (1995b) and unlcnowri peaks were identified and quantified externally with
| appropriate standards. '

Total volatile bases (TVN), trimethylamine (TMA) and trimethylamine oxide (TMAO).

Conway and Byrne’s (1933) microdiffusion method was performed on PCA extracts

prepared from salmon muscle blocks.

Calculation of yield factors.

The maximum cell cencentration (N ) in the salmon juice experiment was calculated
with the 3 parameter logistic model using the curve fitting programme FIGP ver. 6.0. (Fig.P
Software Corporation, Durham, NC, USA):

Log(N(£)) = Log( _ Do -)
g T MO T T ExP(p_(£-£))

where: - N(t) - cell concentration (at time t), cfu/ml
N - maximum cell concentration (stationary phase)
Bmax - Daximum specific growth rate, hours™! (exponential phaSe)
t, - time at inflection point, hours
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- The yield factor is calculated from the equation:

([Metabolite] p;,.,~ [Metabolite] p;pia1)
( Cquinal - CfuIni tial) .

YMeta.boli te

where: [Metabolite]s . o i - COnCENtration of metabolite at N., and N_..
ClUpia o i = Nimax a0d Npy

(After Dalgaard, 1993 & 1995)

‘Production of volatile sulphur compounds by Lactobacillus saké (1T18).

- The strain was qualitatively examined for production of volatile sulphur compounds
during growth on cold-smoked salmon using the GC method of Dalgaard ez al. (1993). The
strain was inoculated on vacuum packed cold-smoked salmon with reduced loads of
microorganisms as described above, at levels of approximately 10° cfu/g and stored at 15°C
for 18 h and at then 10°C for.4 days. . Ten g salmon sample was weighed into a 50 ml Pyrex
flask with a membrane stopper and equilibrated at 25°C for 30 min, before 1 ml of the
headspace was injected onto the GC column. Uninoculated salmon from the same production
batch were incubated and analyzed under the same conditions and served as control samples.
Production of off-odours was assessed by two experienced judges. |

Results.
Growth and metabolism in salmon juice.

The inoculated bacteria reached final levels of 10° cfu/ml for the lactics (Lb. saké
" 1T18, Lb. curvatus 3N6-and ‘Carnobacterium sp. 2T2), 10° cfu/ml for S. liguefaciens 2R4
and only 10° cfu/ml for P. phosphoreum P66 after growth in salmon juice at 5°C and 100%
N, for 15 days (Figure 1a).

P. phosphoreum P66 had the highest production of both acid acid and hypoxanthine
(Hx), reaching maximum levels of 7.7 pmol/ml acetic acid and 6.3 pmol/ml Hx (Figure 1b
& c). Among the lactic acid bacteria (LAB), 1T18 produced the highest maximum levels of
5.5 pmol/ml acetic acid and 4.2 pmol/ml Hx, while the other LAB ptodﬁced much lower
levels. S. liquefaciens 2R4 produced maximum levels of 7.3 pmol/ml acetic acid and
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a) Microflora
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Figure 1. Growth and metabolism of 5 bacteria in salmon juice at 5°C for 15 days. a)
Development of microflora; b) Production of acetic acid and ¢) hypoxanthine. Error bars
are SD (n-1).
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5.7 umol/ml HXx. Levels of acetic acid increased with time in all samples except the sterile
control sample, while Hx levels increased in all samples except the control sample until day
12 (288 h), after which the Hx level in P66 and 2R4 fels (Figure 1b & c). This decrease in
Hx may be explained by further degradation of Hx into xanthine and uric acid by the
bacteria. The stable levels of Hx and acetic acid in control samples showed autolytic
enzymes were denatured during the preparation of juice.

S. liquefaciens 2R4 and P. phosphoreum P66 actively converted inosine
monophosphate (IMP) 1nto 1nosme (Ino) as well as Ino into Hx (Figure 2), whereas the LAB
strains only attacked Ino (data not shown) There were only trace 1eve1s of adenosine
monophosphate (AMP) and no adenosine diphosphate (ADP) present in the salmon juice

8 8
a) P. phosphoreum P66 b} S. liquefaciens 2R4
7 7
£ £
g £
= s = 5
@ 4 \v o 4
s 3 s 3
2 . © Hx 4 MP o
g 2 v Ino & AMP ] 2
= = ADP =
1 1
) _ 0
0 50 100 150 200 250 300 350 400 0 50 100 150 200 250 300 350 400
Time (hours) : Time (hours)

Figure 2. ATP-nucleotide metabolism in a) P. phosphoreum P66 and b) S. liquefaciens
2R4 dunng anaeroblc growth in salmon j _]UICC at 5°C. :

In Table 2, the logarithms of yield factors for acetic acid (Log(Y,.)) and Hx
production (Log(Yy,)) are shown. For LAB, values for Log(Y,.) ranged between -7.49 and
~7.76 with 1T18 having the highest value and thus the highest activity per-cell. - The same
trend was found for Log(Yy,). S. liquefaciens 2R4 had yield factors for acetic acid and Hx
of -8.31 and -8.42, " respectively. The yield factors for P. phosphoreum P66 were -5.61 for
acetic acid and -5.71 for Hx, and each P66 cell was thus at least 75- 500 times. ‘more active
than any other strain.

All strains causedproductionof off-odours after the 15 days of incubation. The
Gram-negative P. phosphoreum P66 and S. liquefaciens 2R4 produced MOnia and amine-
like odours, whereae the LAB prodnced sour, astringent and sweet/burnt odours. Lb. saké
1T18 also produced fruity off-odours.
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Table 2. Apparent yield factors for acetic acid and hypoxanthine and N,,,, estimated from
the 3-parameter logistic model for growth.

Strains . ‘Aceticacid ~ Hypoxanthine N, o
Log(Ya)? Log(Yy)? cfu/ml (model)
Lb. saké 1T1I8 749 -7.63 1.4x 108 0.97
Lb. curvatus 3N6 7.1 7.94 1.4x10°  0.97
_ Carnobacterium sp. 2T2 -71.76 -8.26 1.9x 10 0.98
S. liquefaczens 2R4 . -831 | - -8.42 1.3x 10° 0.95
P. phosphoreum P66 -5.61 571 2.8x10° 0.92

a) Log,,(umol/cfu)
Growth and metabolism on salmon blocks.

The salmon blocks contained 64.6% =+ 2.1 % (SD) water and 3.3% + 0.3% salt in
the water phase. Production of blocks with a reduced load of microorganisms was difficult
‘and 48% of the uninoculated control samples had to be discarded because of growth:of the
" indigenous microflora to levels higher than 10° cfu/g (Table 3).

" Table 3. Development of volatile bases, acetic acid and breakdown products from ATP-
nucleotides during storage of vacuum packed cold-smoked salmon with reduced loads of
~microorganisms (control samples) at 5°C for 21 days. (Averages of samples with less than
- 10° cfu/g) ‘ -

Day No. TVB? TMAD - TMAO® Acetic acid Hx9 IMP?  Ino?
samples mg-N/100 g mg-N/100g mg-N/100g pmol/g pmol/g  pmol/g pmol/g

0 3(3)9 ‘ 16.5 0.6 17.5 3.2 1.4 1.1 6.6
| "33 17.4 03 15.7 14 1.4 0.8 6.3
13) 19.0° 1.9 157 2.9 1.6 0.2 5.7
10 23 18.4 1.1 15.3 3.8 1.8 0.1 55
14 23) 22.7 1.0 14.4 2.6 2.1 - 0.1 6.5
16 13) ‘ 24.8 1.0 82 2.0 2.2 0.3 6.9
21 3 (6) 22.0 1.4 17.0 - 6.2 2.3 0.1 6.3

a) TVB - total volatile bases; b) TMA - trimethylamine; ¢) TMAO - trimethylamine oxide; d) Hx -
hypoxanthine; e) IMP - inosine monophosphate; f) Ino - inosine; g) Total number of uninoculated
‘vacuum packs sampled (3) of which 3 contained less than 10° cfu/g.

Microscopy and tentative characterization 6f colonies from TPC plates revealed that
the naturally occurring microflora mainly consisted of marine vibrio including
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Photobacterium spp. and occasionally, LAB. These organisms reached final numbers of 10°
cfu/ml for former group and 10® cfu/g for the latter group on contaminated control samples
(data not shown).

Reduction of microbiological numbers to levels below 10° cfu/g on control samples
largely prevented the production of TVB and TMA and the corresponding degradation of
TMAO (Table 3). Levels of acetic acid only increased slightly but inconsistenly during 21
days of storage. Hx rose from initial 1.4 pmol/g to 2.3 pymol/g after 21 days, while Ino
remained almost constant and IMP decreased from 1.1 pmol/g to 0.1 pmol/g. These
chemical changes were assumed to be autolytic, smce the mlcroblologlcal population
remained lower than 10° cfu/g. Also, there were no production of off-odours on salmon
blocks with reduced levels of microorganisms.

P. phosphoreum P66 inoculated on salmon blocks rapidly grew from initial levels of
10%-10* cfu/g to final levels of 10° cfu/g, and growth was closely followed by degradation
of TMAO and the production of TMA (Figure 3a & b). Hx increased from initial
concentrations of 1.1 pmol to 4.4-4.8 pmol/g, while concentrations of Ino (not shown)
dropped correspondingly. Levels of acetic acid rose from 2 pmol/g to final levels of 30-35
pmol/g. P. phosphoréum P66 caused production of characteristic aminé- and ammonia-like
off-odours in both experiments and in addition words like fishy, sour, astringent and old
"storage room" were used. P. phosphoreum P66 is bioluminescent and the "purity" of
microbi'ological growth on inoculated vacuum packs was confirmed by observing the
proport1on of blolummescent colomes on TPC. Indlgenous blolummescent Photobacterzum
and marine v1br10 may therefore be included in the results, ‘but their potentlal presence did
not- change the general pattern. .

- The apparent “yield factors for muscle blocks with P. phosphoreum P66 were
calculated for Hx, acetic acid and TMA, and the standard deviations between the two
independant experiments were in the range of + 0.3-0.4 Log,(umol/cfu) (Table 4).

Inoculation with LAB at levels of 10° to 4.1 x 10* cfu/g resulted in high final levels
‘of 1.5-4.5 x 108 cfu/g of the inoculated strains as confirmed by tentative characterization of
colomes from agar plates. L. saké 1T18 and L. saké/bavaricus S1.11 presumably produced
0.4-2.8 pmol/g Hx, 18.9-31.2 pmol/g acetic acid and 11.6-14.9 mg-N/100 g TMA durmg<
storage for 21 days (Figure 4). However, LAB have no anaerob1c respiration and therefore
no use for the reduction of TMAO to TMA. LAB do therefore not reduce T MAO to TMA
This was confirmed in a preliminary experiment, where Carnobacterium sp. 2T2 grew to
final levels of 108 cfu/ml in salmon juice with no production of TMA in the presence of 11
mg-N/100 ml TMAO during anaerobic incubation at 15°C for 13 days (data not shown).
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Table 4. Apparent microbial yield factors for hypoxanthine (Yy,), acetic acid (Y,.,) and
trimethylamine (Yr,,) for bacteria strains inoculated on vacuum packed cold-smoked salmon
“blocks stored at 5°C for 20-21 days.

Strains. Clug,®  Cluy Hxﬁnalb ACéﬁnal TMAg.  Log(Yed Log(Yae) Log(Yrwa)
(cfu/g)  (cfu/g) (umol/g) (umol/g) = (mgN/100 g)

Lb. saké 1T18 45x10® 1.4x10° 2.8 13.9 149 -8.21¢ .7.61¢ 9.514
Lb. saké/bavaricus s1.11 2.4 x 10° 4.1x10° 1.2  31.0 11.6 -8.30 -6.89 -9.33
Lactobacillus sp. R1.12 1.5x10®* 2.5x10° 0.4 12.7 0.9 -8.56 -7.07 -10.55
Lb. curvatus N1.4 41x10% 2.1x10* 1.0 8.9 2.9 -8.63 -7.66 -10.23
S. liquefaciens 2R.4 9.4x10° 3.8x10° 22 31.8 14.4 -6.62 -5.47 -7.83
H. alvei 524 3.8x 10 5.6x10* 14 352 11.9 -8.43 -7.03 -9.52
E. agglomerans R3.3 9.5x 10° 7.0x 107 1.6 46.8 20.1 | -7.49 -6.03 -8.41
S. liqueféciem N1.6 22x10" 4.7x10* 1.7 482 12.8 -7.12 -5.66 -8.25
P. phosphoreum P66, 14x10° 1.0x 10> 2.5 285 11.6 -5.73 -4.72 -7.10
1st experiment .

P. phosphoreum P66, = 4.5x10° 1.1x10* 2.2 324 14.4 -6.30 -5.14 -7.51

2nd experiment

a) Maximum cfu/g levels obtained by the inoculated strains; b) Final microbial Hx with Hx produced
by autolysis subtracted (see Table 3); ¢) Log,(umol/cfu); d) Log,,(mg-N/cfu)

Indigenous marine vibrio and/or Photobacterium spp. were found to coexist with the
inoculated LAB at levels estimated to be 10°-106 cfu/ g by direct microscopy, and this may
explain the slow production of TMA. Growth of L. saké 1T18 resulted in sour, cabbage and
sulphurous off-odours, resembling those ‘described for L. saké/bavaricus S1.11 except the
latter strain produced weaker cabbage and slightly fruity off-odours. The logarithm to the
apparent yield factors for Hx, acetic acid and TMA were -8.21, -7.61 and -9.51 for 1T18
and -8.30, -6.89 and -9.33 for S1.11 (Table 4). Similar apparant yield factors were obtained
for Lactobacillus sp. R1.12 and Lb. curvatus N1.4, except for apparent yield factors for
TMA, which was lower (Table 4). This suggested the contamination with Photobacterium
sp. and marine vibrios may have been smaller, which was confirmed through direct
microscopy. Off-odour production by strains R1.12 and N1.4 were initially described as
slightly acidic, burnt and buttermilk after 16 days, but after 21 days of storage, astringent
and faecal off-odours were also detected.

The Enterobacteriaceae strains were less successful in colonizing the salmon blocks
containing low levels of the indigenous microflora. Only H. alvei S2.4 grew and reached
maximum levels of 3.8 x 108 cfu/g (Table 5). This strain achieved apparent yield factors of
-8.43, -7.03 and -9.52 for Hx, Acetic acid and TMA, respectively (Table 4). During the
storage period, H. alvei S2.4 produced stale, nauseous and slightly fruity off-odours.
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Table 5. Bacterial counts during incubation at 5°C of vacuum packed cold-smoked salmon
inoculated with Enterobacteriaceae. e e _

Strain Storage time (days) TPC Enterobacteriaceae
‘ (Log,(cfu/g)) (VRBG Log,(cfu/g))
L ‘ » Vacuﬁm pack A B A B :
S. liguefaciens 2R4 0 358 362 351 3.65
6.11 5.59 6.46 592
6.89 7.71 5.57 5.95
10 7.00 -2 543 -
14 - 532 ; 5.57
16 ' 8.20 6.90 8.20 © 6.30
| 21 630 6.64 6.38 6.45
H. alvei $2.4 o 476 4.74 4.75 473
| | | 6.00 6.61 . 5.68 6.59
781 6.73 C7.66 6.53
10 823 677 = 845 6.00
14 7T T 6867 8.04 - 6.90 8:04 -
16 8.38 6.28 8.57 5.70
2 8.48 8.68 g6l 8.56
E. agglomeransR3.3 0 * 300 295 279 2.91
| - 471 3.93 449 14.00
7 745 690 528 5.56
0 711 594 0 679 5.1
4 676 5927 v 3000 592
16 - 7.88 17.00 - 7.40 6.56
210 . 548 572 . 530 4.60
S. liguefaciens N1.6 0 | 400 467 476 4.58
' | 3 566 6.80 . - 5.94 6:11
7 .. 68 708 . 6.60 6.11
10 - 718 - 7.26
14 6.58 8.08 . 6.45 8.34
16 . 828 - . 826 -
21 677 688 . 68  6.08

-a)-Vacuum-pack discarded due to-loss of vacuum.
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The yield factors obtained by S. liquefaciens 2R4 and N1.6 were comparable with those
obtained for P. phosphoreum P66 indicating heavy contamination with Photobacterium spp.
and marine vibrio (Table 4). Results from TPC and VRBG inclusive tentative
characterization of colonies and direct microscopy confirmed this but also revealed that the
inoculated strains grew to maximum levels of 10%-107 cfu/g (Table 5). Vacuum packs
~ inoculated with E. agglomerans R3.3, developed a mixed flora consisting of the inoculated
strain at maximum levels of 107 cfu/g (day 16) in coexistence with indigenous LAB and
marine vibrio (Table 5). The unsuccessful colonization of E. agglomerans R3.3 may have
been caused by the very low inoculation level (700 cfu/g) making the strain unable to
compete with the indigenous microflora on contaminated muscle blocks. The apparent yield
factors for E. agglomerans R3.3 reflected the metabolism of the mixed microflora (Table 5).
Old stale, sweet and nauseous off-odours were typical of aged salmon inoculated with the

Serratia strains and E. agglomerans R3.3.
Production of volatile sulphur compounds by Lactobacillus saké (1T18).

Lactobacillus saké 1T18 produced large amounts of H,S but not any other volatile
sulphur compounds (data not shown). There was no production of volatile sulphur
compounds in the uninoculated control samples. Inoculated samples contained astringent,
sweet and sulphurous (cabbage) off-odours, while the odour of the uninoculated salmon still

‘was typical for cold-smoked salmon.
Discussion.
Growth and metabolism in salmon juice.

Results from the salmon juice experiment revealed that P. phosphoreum P66
maintained metabolic activity levels 75-500 times higher than the levels obtained by the LAB
strains and S. liquefaciens 2R4 (Figures la-c, Table 2). If the compounds responsible for
the detected off-odours are produced at rates related to the metabolism of acetic acid and Hx,
P. phOSphoreum P66 may be responsible for spoilage at much lower cell concentrations than
any of the other test strains. Acetic acid may be produced from carbohydrates including
ribose from inosine and amino acids by all the inoculated strains (Axelsson, 1993; Baumann
& Baﬁmann, 1984; Gottschalk, 1986). P. phosphoreum P66 and S. liquefaciens 2R4
produced amine and ammonia-like off-odours; which may be caused by TMA production not
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measured here. P. phosphoreum is an active producer of this compound (Figure 3; van
Spreekens, 1977; Dalgaard, 1995), whereas S. liguefaciens was negative when inoculated in
the TMAO medium by Gram et al. (1987) (Truelstrup Hansen & Huss, 1995c). The off-
odours produced by the LAB were described as sour, astringent, sweet and burnt.

Nucleotide metabolism in salmon juice.

S. liquefaciensﬂ 2R4 and P. phosphoreum P66 both actively converted IMP to Ino and
subsequently Ino to Hx (Figure 2), whereas the LAB only produced Hx from Ino. P. phos-
phoreum has previously been reported to degrade IMP to Ino followed by production of Hx
from Ino (van Spreekens, 1977). Surrette ez al. (1988) found that Proteus spp. produced Hx
from Ino in spoiling ‘cod, and it is therefore not surprising that the related and biochemically
very active S. liquefaciens 2R4 shares this ability. .Degradation of IMP to Ino has previously
been reported to be autolytic (Jones, 1965; Gill, 1990), but the present study confirms that
bacteria may participate in the conversion. LAB from smoked salmon were: tested ina
- previous experiment for their ability to degrade Ino to Hx with subsequent acid production
from ribose, and positive' strains were found among tentative Lb. curvatus, Carnobacterium
spp., Lb. plantarum and Leuco. mesenteroides (Truelstrup Hansen & Huss, 1995c). Lb. saké
1T18 was, however, negative in this test, for which there is no obvious explanation- other
than the arginin-dihydrolase positive strain may have produced NH, from peptides in the
substrate and thereby neutralised the acid from ribose fermentation. Borch & Molin (1988)
found Carnobacterium spp. (cluster 1 & 2) and homofermentative Lactobacilli spp. (clusters
11, 12 & 14) to assimilate Ino, whereas other Lactobacillus and Leuconostoc clusters were
negative. These results confirmed the active role of microorganisms on cold-smoked salmon
in the production of Hx previously reported (Truelstrup Hansen et al., 1995b).

‘Salmon blocks with reduced loads and natural contaminants.

It proved to be difficult to produce cold-smoked salmon blocks with a reduced load
of microorganisms. A success rate of approximately 50% was obtained, which was
comparable to previous results using the same technique (Truelstrup Hansen et al., 1995b).
The origin of acetic acid, TMA and the main proportion of Hx and TVB was again shbwn
to be microbiological (Table 1). The occurrence of indigenous Photobacterium spp./marine
vibrio and LAB on approximately 50% of the salmon necessitated careful data interpretation.
The high metabolic activity levels of the former bacteria meant that they could disturb the
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chemical data even when present at 2 log cycles under the inoculated strains. However,
‘when these consideration were taken into account, the model experiments revealed some
general patterns. -

Characteristics of P. phosphoreum P66 on salmon blocks.

P. phosphoreum P66 grew to approximately same maximum of cells numbers (1-8 x
10%) on salmon blocks as in salmon juice (Figure 2a & b, Table 4). Off-odours produced by
P. phosphoreum P66 on salmon blocks closely resembled those found during growth in cod
" juice as well as vacuum and modified atmosphere packed (MAP) cod (Dalgaard et al., 1993;
Dalgaard, 1995). On the other hand, van Spreekens (1987) found that P. phosphoreum
produced no strong off-odours in lightly salted vacuum packed matjes herring with 2-3 % salt.
Photobacterium spp. dominated the flora in levels of 6.0-6.5 Log,y(cfu/g) at the time of
rejection by the taste panellists, but unfortunately the sensory characteristics were pot
described. P. phosphoreum rapidly converted all TMAO to TMA and produced high levels
of acetic acid (29-32 umol/g), which may have contributed to the amine and sour off-odours
also detected.

~Characteristics of lactic acid bacteria on salmon blocks.

- It is possible that salmon blocks inoculated with LAB were influenced by the presence
of ‘naturally occurring Photobacterium spp., marine vibrio and LAB. The spoilage
characteristics were however, clearly different from those observed for P. phosphoreum P66
and differences were observed among the strains. The sensory characteristics described as
sour, astringent, faecal and slightly fruity found only in vacuum packs with LAB, have
previously been described in spoiled cold-smoked salmon with high apparent numbers of
LAB (Truelstrup Hansen ez al., 1995a), and it seems likely that LAB parallel to findings on
vacuum packed beef and beef products can be held responsible for spoilage (Egan, 1983).
Borch & Agerhem (1992) also found production of sour off-odours, acetic acid, L-lactic acid
and H,S by a homofermentative Lactobacillus spp. and putrid/tainted off-odours, D-lactic
~ acid, ethanol and some H,S by a Leuconostoc sp. inoculated onto MAP beef stored at 4°C.

- Characteristics of Enterobacteriaceae on salmon blocks.

. H. alvei S2.4 was the only strain to successfully colonize the salmon blocks, whereas
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E. agglomerans R3.3 and S. liquefaciens 2R4 and N1.6 were only partially successful (Table
5). Large variations have been seen on the numbers of Enterobacteriaceae on vacuum
packed cold-smoked salmon (Schneider & Hildebrandt, 1984; Truelstrup Hansen ef al.,
1995d), but they have occasionally been found in numbers of relevance for spoilage. It is
interesting to note, that these Enterobacteriaceae strains isolated from vacuum packed cold-
smoked salmon with 4-5% SWP compete so poorly with the naturally occurring microflora.
LAB are reknown for producing antagonistic substances, whereas this never has been
elucidated for Photobacterium spp. and marine vibrio.

H. alvei and the other Enterobacteriaceae have been related to spoilage of vacuum
packed meat products (Dainty et al., 1992). ‘In inoculation experiments on meat Hanna et
al. (1979, 1983) and Dainty et al. (1989a) found H. alvei strains produced H,S. ,The
description of off-odours produced by this strain on cold-smoked salmon.did not indicate
- presence of H,S; and the strain tested negative for H,S-production in the API 20E (data not
shown), indicating the ability to produce H,S may vary among H. alvei strains.

Production of H,S by Lb. saké 1T18.

Growth of Lb. saké 1T18 on salmon blocks resulted in sour and sulphurous off-
odours. This prompted the GC-analysis for production volatile sulphur compounds, where
it was found to produce H,S but not CH;SH or CH;-S-S-CH,. This strain also produced H,S
in Tron agar (Truelstrup Hansen & Huss, 1995c), and Lb. saké has previously been shown
to produce H,S from cysteine in vacuum packed beef (Egan & Shay, 1989). Jeppesen &
Huss (1993) screened 61 LAB strains from fish including 24 tentative Lb. saké for production
~of off-odours in sterile shrimp juice but detected no sulphur-like off-odours. Also, Lb. saké

1T18 .produced no such odours when inoculated in salmon juice in the present study. It:may
“be that LAB strains’ ability to produce off-odours is restricted and therefore underestimated
~in-the fish juice model system due to lack of natural substrates like cysteine for H,S-

wproduction- ete: - < e e oo L
Yield factors.

Apparent yield factors were calculated for the bacterial production of acetic acid,
TMA and Hx as a measurement of the inoculated bacteria’s metabolic activity. Acetic acid

and TMA were exclusively produced by the microflora, whereas a portion of Hx came from
autolytic conversion of Ino during storage (Table 1, Truelstrup Hansen et al., 1995b).
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Corrected values for Hx were used for calculation of yield factors.

‘Total agreement between yield factors found in salmon juice and on salmon blocks
could not be established. P. phosphoreum P66 had for example, an average yield factor for
acetic acid on muscle blocks of -4.93 + 0.30 (SD) and -5.61 in salmon juice. These
differences may be caused by lower substrate concentrations in the later medium for acetic
acid production such as carbohydrates, amino acids etc. The yield factors for P.
phosphoreum P66 acid were constantly 2-3 Log(Y) higher than the yield factors for other
strains not heavily contaminated with indigenous Photobacterium spp. and marine vibrio in
both the salmon juice and muscle block experiment. P. phosphoreum P66 produced an
average Log(Ymys) of -7.31 £ 0.29 (SD), which was comparable to the -8.0 + 0.3 Log(mg-
N/cfu) found for P: phosphoreum during anaerobic growth in cod juice at 0°C (Dalgaard,
1995). Further work is needed to establish whether the concept of yield factors can be used
to identify the spoilage flora in cold-smoked salmon, as none of the chemical parameters
(Hx, acetic acid and TMA) have been found to correlate consistently to spoilage of the
‘product (Truelstrup Hansen et al., 1995b).

- Conclusion.

 Model experiments with bacteria isolated from spoiled cold-smoked salmon
reproduced some of the off-odours found on spoiled cold-smoked salmon. Contamination
of the salmon blocks limited, however, the interpretation of the results especially for 3 out
- of 4 Enterobacteriaceae, which grew. poorly in the presence of the indigenous bacteria. P.
phosphoreum were shown to be up to approximately 100 times more biochemically active per
cell than LAB and successful Enterobacteriaceae in salmon juice and on salmon blocks. This
may indicate that P. phosphoreum is able to spoil at much lower cell concentrations. LAB
produced off-odours in the model systems and one Lb saké (1T18) were also shown to
produce H,S, indicating these bacteria may contribute to spoilage. Further work is required
to elucidate the bacterial spoilage of cold-smoked salmon.

Acknowledgements. |

I would like to thank Karin H. Reimers for excellent technical assistance. Mahawash
Mohammed and Fadime Oszan are thanked for their contributions to the salmon juice
experiment and Dr. P. Dalgaard for performing the CG analysis for volatile sulphur
compounds. The staff at Nordlab, Skagen, Denmark are thanked for their help with sterile
smoked salmon. |

155




Research Note. |
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ol ) by

Peter Karim Ben Embarek’, Lisbeth Truelstrup Hansen!, @ivind Enger2 and Hans Hem'lk
Huss! SRS

1Dan;ish Institute for Fisheries Research, Department of Seafood Reseafch; Téchnical
University, Bldg. 221, DK-2800 Lyngby, Denmark, 2Department of Microbiology ‘and Plant
Physiology, University of Bergen, Jahnebakken 5, N-5020 Bergen, Norway.

Abstract.

Salmon and environmental samples from a fish farm and a salmon siaughtethenee
were. analyzed for Listeria spp. using the USDA method and the rap1d quantltatlve

Corynebacterlum spp. gave false positive results with the USDA method, and with the
Listertest when its plates were incubated at 20-25°C in stead of 37°C as recommended by
the manufacturer.. Means of distinguishing between Corynebacterium spp. and Listeria spp.
are discussed. | I

KeYWordS Listeria spp ‘salmon, fish, L1stertestTM USDA method,  Corynebacterium
‘aquancum CDC group A4, L

"In't‘r(')du'ction.'»

Listeria monocytogenes has beei tecognised-asa major food pathogen for the last-ten . .-

years. The large majority of human listeriosis cases occur sporadically and the implicated
food items are almost never identified. However, there have been at least three sporadic
cases with documented seafood implications (Facinelli et al., 1989; Frederiksen, 1991;
Anonymous, 1993; Baker et al., 1993). ‘

L. monocytogenes is frequently isolated from frozen, ‘codked and lightly preserved fish
products (Weagant et al., 1988; Farber, 1991; Noah ef al, 1991; Jemmi, 1993) and its
‘prevalence and s'igm'ﬁcance in seafood have been extensively reviewed (Dillon & Patel, 1992;
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Fuchs & Reilly, 1992; Jemmi, 1993; Ben Embarek, 1994). - o

Listeria spp. have been isolated from the marine environment in water samples and
sediments (Colburn et al., 1990) but data on the natural presence and level of the bacteria
on seafood are limited (Colburn et al., 1990; Motes, 1991).

The present work was done to determine if L. monocytogenes could be found naturally
on aquacultured salmon and to determine the degree of contamination in a nearby salmon
slaughterhouse. ‘Due to the increasing need for quantitative data the quantitative Listertest™
was used together with the qualitative U.S. Department of Agriculture (USDA) method.

Materials and Methods.
Sample Collection

(i) From the fish farm. In a low density populated area, on the Norwegian west
coast, samples of fish and water were collected from a salmon farm which use net-cages in
the sea. Ten salmon (Salmo salar) weighing 4-5 kg each were picked up from a net pond,
killed, put in individual plastic bags and packed in styrofoam boxes with ice. From the same
site, 10 surface ‘water Saxnples'(approx. 5 cm below the surface) were each collected in 1 1
sterile bottles. Fish and water samples were transported to a nearby laboratory and analyzed
W1thm 16 h. No sediment samples were collected as the bottom was made of rocks.

At the laboratory, from each salmon, g111s were aseptically removed, split into 3
pieces and placed into three stomacher bags for the Listeria analyses according to the USDA
method and to the L1stertest“‘ as we11 as for total viable count (TVC). Skin and gut samples
were treated s1m11ar1y

'Seawater samples were filtered on sterile nitro-cellulose filters (0.2 pm, Satorius).

One filter was used for each sample.

" (ii) From the slaughterhouse. In the slaughterhouse, the salmon were bled in a
bleeding—tahk gutted rinsed with water, heads removed and the fish were packed in boxes
with ice. Samples were collected as follows: 1) gills were removed aseptically from three
’ salmon heads into three sterile stomacher bags. 2) Three slaughtered salmon were removed
before packmg and skin samples were collected as for the farmed salmon. 3) Whole guts,
from three salmon were collected immediately after removal into three stomacher bags. 4)
Surface samples from the visceral cavity of five slaughtered and gutted salmon together with

' 14 surface samples from walls, tables and knives during the slaughtering and evisceration
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process were collected with a sterile swab (approx. 10 cm? of plane surfaces, whole knife.
surface or approx. 20 cm linear swab) into screw cap tubes containing-10 ml physiological
saline (PS) (0.1% peptone and 0.9% NaCl). ,

In addition, five water samples from the bleeding tank, two water samples from the
inlet to the slaughterhouse, three water samples from the cleaning line, two from the drains
in the floor, and one from the outlet of wastewater outside the slaughterhouse were collected -
in sterile screw cap tubes (ca. 25 ml). One sample of the ice used in the packaging of the;
slaughtered fish was also included. Samples were transported to the laboratory and analyzed

the same day as samples from the farm.
Microbiological Analysis

Most of the liquid samples (water and swabs) were split and analyzed by a11 methods;
Samples from fish analyzed by different methods were not the same samples but were taken

from the same area on the same fish.

USDA Method. A total of 50 samples (Table 1 and Table 2)‘ were analyzed
according to the USDA method (McClain and Lee, 1988) W1th ennchment of 5 g sample or
swabs in 45 ml UVMI1 broth (Oxoid, CM863 + SR142; 24 h, 30°C). Then 0.1 ml was
transferred into 10 mi UVM2 broth (Oxoid CM863 + SR143; 24 h, 30°C) and subsequently
plated on Oxford agar plates (Oxoid, CM856 + SR140) Wthh were incubated at 30°C and
examined for growth after 24 h, 48 hand 72 h..

Vicam Listertest™ Method. A total of 59 samples (Table,_l,,an_d Tab1e2)were
analyzed using the Listertest™ following the instructions from the manufacturers _(LieteﬁeSt“
user’s guide, version 1.4). . | -

Briefly, a 25 g sample was mixed in a stomacher bag with 15 ml buffer for 30 s and
filtered: For-environmental samples, swaps. were mixed in 2.5 ml buffer. Two ml were
transferred to capture vials. ' Immunobeads coated with antibodies were added After 2 h
‘incubation on a rotator at room temperature, the beads were captured on a magnetic rack,
“the fluid removed and the beads washed twice in buffer. The beads were reSﬁspended in 0.2
ml buffer and plated onto agar plates (Brain Heart Infusion agar (52 g/l), 11th1um chlorlde
(5 g/1) and ceftazidime (0.05 g/1) incubated at 37°C for at least 22 h. Membranes were then
placed over the plates to create a replica of‘the colonies. Colony materlal was fixed on the
membranes with ethanol,. membranesA washed and blocked to avoid non—specrﬁc reactivity,
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and then two antibodies were added together with a colour reagent. Listeria colonies
appeared as dark blue spots on the membrane within 5-15 min. A strain of L.
monocytogenes (057) was used as positive control.

Master agar plates can be used for further identification. Due to practical - reasons,
plates in our survey were incubated at room temperature (20°C-25°C) for 72 h before the
lift procedure on the membrane. ‘ |

Total Viable Count. Thirty-seven samples (Table 3) were analyzed for total viable
count (TVC). Five to seven g were diluted (1:10) in PS and appropriate serial dilutions were
pour-plated in iron agar (Oxoid, CM867) with overlay. Plates were incubated for 3 days at
25°C. ' |

Isolation and Identification

" Black colonies on oxford ‘agar plates and colonies matching blue to dark blué, on
Listertest™ membranes were considered as presumptive‘Listeria colonies, recovered in brain
heart infusion broth (BHI) (Difco, 0037) and were streaked onto tryptone soya agar (TSA)
(Oxoid, CM131) plates. After incubation (25°C, 24 h), they were tested for Gram reaction
in 3% KOH (Gregersen, 1978), catalase activity in 5% H,0; and cytochrome oxidase by Dry
slide™ oxidase (Difco, 3530). Motility and morphélogy were determined by phase cbntrast

microscopy of BHI cultures incubated for 24 h at 25°C. |
o Gram positive, catalase positive, oxidase - negative, short rods motile with
characteristic tumbling motility were further tested for growth on Oxford agar, haemolysis
on 5% calf blood agar and acid production from D-glucose, D-mannitol, L-rhamndse, D-

xylose, methyl-¢-D-mannopyranoside, maltose and L-arabinose.
Results and Discussion.

Table 1 and 2 show the results of the Listeria analysis performed on the samplés
collected at the salmon farm and in the slaughterhouse. 7 _

From all the Oxford agar plates with blaék colonies (USDA method) one'to. five
colonies were picked up from each plate and all colonies were collected from agar-plates with

spots on matchjng membranes (Listertest™). A total of 123 Listeria-presumptive isolates
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Table 1.

Results of Listeria analysis on samples from the salmon farm analyzed with the USDA-method and the Listertest™.

USDA-method

Listertest™

Source No. of samples Black colonies on White colonies? on No. of Spots on membrane®  Growth on selective
. Oxford (Samples) _Oxford (Samples) samples (Samples) agar (Samples)
Water 7 0 4 1 0 1
Gills 10 0 10 9 2 7
Skins - 10 1 10 9 4 4
Guts 6 1 5 10 3 5
Total 33 2 29 - 29 9 17
a) Esculm negatlve colomes b) Plates were 1ncubated at 20 -25°C for 72 h.
Table 2. Lzsterza analys1s results from the salmon slaughterhouse with the USDA-method and the Listertest™.
USDA-method Listertest™
Source No. of samples Black cdlonieé on  White colonies® on Nd. of samples  Spots on membrane® Growth on
Oxford (Samples) - i Oxford (Samples) » ) (Samples) plates (Samples)
Gills 3 1 3 2 1 2
Skin 3 1 3 3 2 2
Guts 2 0 2 2 0 0
Stomach-swab 5 0 5 0 - -
Water (bleeding tank) 5 5 4 3 2 2
Water (inlet) 2 1 0 2 1 2
Water (cleaning line) - 3 X 0 2 3 3 3
Water (duin) 2 2 2 2 2 2
Water (outlet) 1 0 0 1 1 1
Ice | 1 0 0 1 0 0
Swabs 0 ' - - 11 5 11
Total 27 10 21 30 17 25

a) Esculin negative colonies; b) Plates were incubated at 20-25°C for 72 h.




were recovered; 22 isolates by the USDA method (18%) and 101 isolates by the Listertest
(82%). After testing for Gram reaction, catalase, oxidase, morphology, motility and growth
on Oxford agar plates, 106 (80.3%) were identified as non-Listeria spp. and discarded.

| The remaining 26 (19.7%) isolates were motile short Gram+ rods, catalase+,
oxidase —, and able to grow on Oxford agar with black colonies. All but one of these 26
isolates (65% from the USDA method and 35% from Listertest) showed a similar
carbohydrate fermentation pattern for glucose (+), -mannitol (+), xylose (+),
mannopyranoside (—), maltose (+) and arabinose (+). Fermentation of rhamnose gave
negative results in 14 isolates and positive results in 11. Four of these latter isolates (two
rhamnose positive and 2 negative) and the last isolate with a different carbohydrate
fermentatioh pattern (BS3B) were sent to a reference laboratory, the Danish Serum Institute
for further identification. .

The 4 strains representing the 25 isolates were identified as Corynebacterium
aquaticum.  The majority (23) were isolated from different water samples in the
slaughterhouse. Two were isolated from the skin of a saimon from the farm and the skin of
a slaughtered salmon from the slaughterhouse. The isolate BS3B was identiﬁed as belonging
to the CDC coryneform group A-4 (Krech & Hollis, 1991). It was isolated from the
‘bleeding tank in the slaughterhouse.

- As stated above, agar plates from Listertest™ were incubated at room temperature for
72 h and not at 37°C for 22 h as recommended by the manufacturer. The Listeria control
gave positive results. In order to assess the importance of incubation parameters on the
detection of C. aquaticum with Listertest™, the four isolates mentioned above were tested
with Listertest™. The isolates were grown in BHI at 25°C and then 10-fold dilutions were
made in PS and 0.1 pl of the appropriate dilution injected into sterile cod sticks (10 g) to
give approx. 10* cfu/g fish. The sticks were then run through Listertest™ according to the

" manufacturers recommendations (Listertest™ manual). Plates were incubated at 37°C fof 22
and 48 h. No growth was observed on the agar plates after 22 h, while poor growth was
seen after 48 h. No signals were detected on the membranes. L. monocytogenes Scott A
‘'was treated similarly and run in parallel as a positive control.

- The levels of the TVC found on water (10° CFU/g), gills -(10° CFU/g), skins (10*
CFU/g) and intestines (10°-10° CFU/g) from the fish samples from the farm are in agreement
with other reports on the microbial load of fish from temperate waters (Liston, 1980;
Shewan, 1977). TVC results from the slaughterhouse did not show any exceptional levels
(data not shown).

In the present study, Listeria were not isolated from any of the fish or environmental
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samples tested. Rervik ef al. (1995) found no Listeria in 50 freshly slaughtered farmed
salmon, while environmental samples from the slaughterhouse were positive. Incoming
frozen and fresh salmon were, however, identified as the major source of contamination in
smokehouses by Eklund et al. (1995). The occurrence of Listeria on salmon prdbably varies
among farms and processing plants depending of the prevalence of the organism in the
surrounding environment, and the raw material'may therefore be the source of the high levels
of Listeria, which have been found on smoked salmon products (Ben Embarek, 1994a).

Corynebacterium isolates gave disturbing false-positive results with the USDA
method. Corynebacterium isolates were also isolated with Listertest™ but probably only
because of the low incubation temperature. |

On this basis, it might be safe to conclude that while some corynebacteria may
produce false positives with the USDA method, they do not produce false positives when
analysis is done with Listertest™. However, incubation at temperatures below the
recommended 37°C or for more than 24 h, may allow growth and subsequently positive
Listertest reactions by non-Listeria bacteria.

Recently, Rervik & Heidenreich (1993) reported false—pos1t1ve results caused by
Corynebacterium brevis (sic) and Actinomyces pyogenes using a Listeria ELISA kit (Listeria
Tek) on samples from a salmon slaughterhouse and a smoke house. False-positive results
in analyzing fish and fishery products for Listeria spp. have also been reported by Dillon &
Patel (1992), Paranjpye et al. (1992) and Spanggaard & Jergensen (personal communication).

According to Seeliger & Hoéhne (1979), there seem to be overlapping antigens
between Listeria and motile corynebacteria which could explain a possible cross-reaction with
antibodies to Listeria antigens. Positive results from immunological test kits may therefore
need confirmation by time-consuming biochemical tests.  Corynebacterium spp. have been
found on fish and in seawater (Horsley, 1973; Shewan, 1977) and the natural habitat of C.
aquaticum is fresh water (Krech & Hollis, 1991) but no information is available on. their

“incidence in seafood. ‘ v
" Corynebacterium - aquaticum--is---not- recognised.- as...a. species of the genus
Corynebacterium by Bergey’s Manual of Systematic Bacteriology (Collins & Cummins,
1986). Its motility excludes it from the genus Corynebacterium (von Graevenitz & Krech,
1992). It is recommended that aerobic/facultative anaerobic growth and colony pigmentation
be included in the initial testing of presumptive Listeria colonies when analyzing fresh
seafoods Since these characteristics differentiate the two organisms. The BS3B isolate could
be differentiated from Listeria spp. by positive carbohydrate reactions in both D-mannitol and

xylose.
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Listertest™ Lift was shown to be more sensitive and rapid (24 h, instead of one to two
weeks) than the traditional enrichment based methods in isolating Listeria from low-level
inoéulated seafobd and meat (Jackson et al., 1993), and from spiked stainless steel surfaces .
(Mitchell et al., 1994). Farber (1993) found Listertest™ Llft to be effective in isolating
Listeria spp. from raw milk and pasteurised milk but reported interference with the fat of raw
milk samples. We experienced similar difficulties analyzing the gills samples because of
their large content of slime which agglutinate the beads and interfered with the ELISA

reaction on the membrane.
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