
















































































































































































































































































































anaerobic jars (Oxoid) in 100% N2 at 5°e for 15 days. Samples were withdrawn regularly 

from the stationary cultures and analyzed microbiologically and chemically (nucleotides and 

acetic acid). The anaerobic conditions were restored immediately following the sampling 

with 100% N2 and incubation at 5°e continued. Two uninoculated flasks receiving identical 

treatment served as control samples. The production of off-odour was assessed after 15 days 

by 3 judges. 

Growth on salmon musc1e blocks. 

The test organisms (Table J) were diluted in PS, and 2 portions of 0.05 - 0.1 ml of 

·an appropriate dilution for achieving an inoculum of approximately 1Q3 cfu/g salmon were 

injected onto the surface of vacuum packed salmon musc1e blocks through two membranes. 

The vacuum pack was massaged to obtain an even distribution of the inoculum. This 

procedure was found to give a satisfactory distribution in a preliminary experiment, where 

2 portions of 0.05 ml of an indicator colour (0.5% (w/v) Victoria Blue B, Sigma) were 

injected onto 75 g vacuum packed salmon blocks to visualize the distribution. The salmon 

was incubated for 20 to 21 days at 5°e, and two vacuum packs per test organism were 

withdrawn regularly and analyzed with microbiological and chemicaI methods (nuc1eotides, 

organic acids and volatile bases) and for production of off-odours. At each sampling day, 

3 non-inoculated vacuum packs were withdrawn, analyzed and served as controIs. 

Approximately 50% of these control samples were, however, found to support growth of 

more than 103 cfu/ g and the samples were therefore discarded and the analytical results not 

used. This experiment was performed twice for P. phosphoreum P66. 

Microbiological analysis. 

Salmon juice. 

Microbiological counts were performed by mixing 1 ml salmon juice aseptically 

sampled from the thoroughly mixed screw cap flask with 9 ml PS. Appropriate dilutions 

were plated onto spread plates with TSA, which were incubated aerobically at 25°e for 3 

days or at lO oe for 5 days (P. phosphoreum P66) and then counted. Purity of strains were 

checked throughout the incubation period on TSA plates and with direct phase contrast 

microscopy . 
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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 baeteria and 

uninoculated samples, spread plates were made from TSA and cOuDted after S 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 2SoC, after which typical 

colonies were counted. Violet Red Bile Glucose agar (VRBG, Oxoid) with bottom layer of 

TSA was used to enumerate Enterobacteriaceae strainsand after 2days at2S0C, typical 

colonies with a violet precipitation zone were counted .. An estimate of the heat sensitive P. 

phosphoreum was obtained by subtractingpour platecounts inTSA (3 days at2S0C) frmn 

TPC. All samples were also examined by phase contrast microscopy on 10-1 dilutions. The 

tentative identity of the bacteria growing on the salmon blocks was monitored on isolates 

from TPC plates using the criteria inentioned above. 

Sensory analysis. 

Production of off-odours bythe inoculated bacteria was evaluated in relation to 

uninoculated samples by 2-3 judges. The uninoculated samples served as references. 

Approximately lOg salmon or S ml salmon juice was incubated in petri dishes. at rqom 

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 withtheir own 

words. 

Chemical analysis. 

Salt and dry matter. 

Salt analysis were performed using the AOAC (197S) method on salmonhomogenates 

or salmon juice. Salt content was expressed as % NaCI in water phase of salmon.For 

determination of dry matter content, approximately 2 g salmon( + 0.0001 g) was weighed 

and dried at lOsoC 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. 

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 folIowing the manufacturer's instruction. Organic acids in salmon muscle 

blocks were . determined on PCA extracts with the HPLC method described by Troelstrup 

Hansen et aL (1995b) and unknown peaks were identified and quantified externally with 

appropriate standards. 

Total volatile bases (TVN), trimethylamine (TMA) and trimethylamine oxide (TMAOt 

Conway and Byme's (1933) microdiffusion method was performed on PCA extracts 

prepared from salmon muscle blocks. 

Calculation of yield factors. 

The maximum cell cencentration (Nmax) in the salmonjuice 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): 

where: 

Log(N(t)) = Log( 1 + EXP(.='~ax (t-t.)) ) 
max ~ 

N(t) - cell concentration (at time t), cfu/ml 

Nmax - maximum cell concentration (stationary phase) 

JLmax - maximum specific growth rate, hours·1 (exponential phase) 

~ - time at inflection point, hours 
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The yield factor is calculated from the equation: 

where: 

YMetabolite = 
( [Metaboli te] Final- [Metaboli te] Initial) 

(CfuFinal- CfUIni tial) . 

[Metabolite]Final ar Initial - Concentration of metabolite at Nffiax and Nmin · 

CfuFinal ar Initial - Nmax and Nmin 

(After Dalgaard, 1993 & 1995) 

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

Thestrain was qualitatively examlned for production of volatile S\llpJlUr compounds 

during growth on cold-smoked salmon using the GC method of Dalgaard et al. (1993). The 

strain was inocu1ated on vacuum packed cold-smoked salmon withreduced loads of 

microorganisms as described above, at levels of approximately 1()6 cfu/gand stored at 15°C 
. ., 

for 18 h and at then 10°C for.4 days .. Ten g salIrion sample w'as weignedintoa50 mlPyrex 

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 fInallevels of 108 cfu/ml for the lactics (Lb. sake 

1T18, Lb. curvatus3N6'and 'Camobacteriumsp. 2T2), 109 cfu/mlfor S. liquejaciens 2R4 

and only 106 cfu/ml for P. phosphoreum P66 after growth in salmonjuice at 5°C and 100% 

N2 for 15 days (Figure la). 

P. phosphoreum P66 had the highest production of both acid acid and hypoxanthine 

(lix), reaching maximum levels of 7.7 J.tmollml acetic acid and 6.3 J.tmollml Hx (Figure Ib 

& c). Among the låctlc aci.d bacteria (LAB), 1T18 produced the highest maximum level s of 

5.5 J.tmollml acetic acid and 4.2 J.tmol/mllIx, while the other LAB produced much lower 

leveis. S. liquefaciens 2R4 produced maximum level s of 7.3 J.tmollml acetic acid and 
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Figure 1. Growth and metabolism of 5 bacteria in salmon juice at 5°C for 15 days. a) 
Development ofmicroflora; b) Production of acetic acid and c) hypoxanthine. Error bars 
are SD (n-l). 

143 



5.7 IlmollInl Hx. 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 Hxlevel in P66 and 2R4 feJØ (Figure Ib & 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) into inosine (Ino) as well as Ino into Hx (Figure 2), whereas the LAB 

strains only attacked Ino (data not shown). There were only trace levels of adenosine 

monophosphate (AMP) and no adenosine diphosphate (ADP) present in the salmon juice 
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Figure 2. ATP-nucleotide metabolism in a) P. phosphoreumP66 and b) S. liquefaciens 
2R4 dUrlng anaerobic growth in salmon juice at 5°C. , . . 

In Table 2, the logarithms of yield factors for acetic acid (Log(YAccJ) and Hx 

production (Log (Y ~) are shown. For LAB, values for Log(Y ACcJ ranged betw~~n -7.49 and 

-7.76 with lT18 having the highest value and thus the highest activity per-cello . The same 

trend was found for Log(Y ~. S. liquefaciens 2R4 had yield factors foracetic 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 

thanany otherstrain. 

All stiains caused production of off-odours after the 15 days of incubation. The 

Gram-negative P. phosphoreum P66 and S. liquefaciens 2R4 produced ammonia and amine­

like odours, whereas the LAB produced sour, astringent and sweetlbumt odours. Lb. sake 

1 T18 also produced fruity off-odours. 
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Table 2. Apparent yield factors for acetic acid and hypoxanthine andNmax estimated from 
the 3-parameter logistic model for growth. 

Strains Acetic acid Hypoxanthine Nmax il 
Log(YAcJa Log(YHJa cfu/ml (model) 

Lb. sake 1T18 -7.49 -7.63 1.4 x 108 0.97 

Lb. curvatus 3N6 -7.71 -7.94 1.4 x 108 0.97 

Camobacterium sp. 2T2 -7.76 -8.26 1.9 x 108 0.98 

S. liquejaciens 2R4 -8.31 -8.42 1.3 x 109 0.95 

P. phosphoreum P66 -5.61 -5.71 2.8 x 106 0.92 

a) LoglO(J,tmol/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 103 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 
103 cfu/g) 

Day No. TVBa) TMAb) TMAOc) Acetic acid Hxd) IMpe) Inot) 
samples mg-NIlOO g mg-N/100 g mg-N/IOD g I'mol/g I'mol/g I'mollg I'mollg 

O 3 (3)g) 16.5 0.6 17.5 3.2 1.4 1.1 6.6 

3 3 (3) 17.4 0.3 15.7 1.4 1.4 0.8 6.3 

7 1 (3) 19.0 1.9 15.7 2.9 1.6 0.2 5.7 

10 2 (3) 18.4 1.1 15.3 3.8 1.8 0.1 5.5 

14 2 (3) 22.7 1.0 14.4 2.6 2.1 0.1 6.5 

16 1 (3) 24.8 1.0 8.2 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; c) TMAO - trimethylamine oxide; d) Hx -
hypoxanthine; e) IMP - inos ine monophosphate; f) Ino - inosine; g) Total number of uninoculated 
vacuum packs sampled (3) of which 3 contained less than 1()3 cfu/g. 

Microscopy and tentative characterization of colonies from TPC plates revealedthat 

the naturally occurring microflora mainly consisted of marine vibrio including 
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Photobacterlum spp. and occasionally, LAB. These organisms reached fInal numbers of 106 

cfu/ml for former group and lOs cfu/g for the latter group oli coJitarn:irtated control samples 

(data not shown). 

Reduction of microbiological numbers to levels below 103 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 J.l.mollg to 2.3 J.l.mol/g after 21 days, while Ino 

remained almost constant and IMP decreased from 1.1 J.l.mollg to 0.1 J.l.mollg. These 

chemicai changes were assumed to be autolytic, since the microbiological population 

remained lower than 103 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 initiallevels of 

103-104 cfu/g to fInallevels of 106 cfu/g, and growth was c10sely followed by degradation 

of TMAO and the production of TMA (Figure 3a & b). Hx increased from initial 

concentrations o~ 1.1 J.l.mol to 4.4-4.8 J.l.mollg, while concentrations of Ino (not shown) 

dropped correspondingly. Levels of acetic acid rose ·from 2 J.l.mol/g to fmallevels of 30-35 

J.l.mol/g. P. phosphoreum P66 caused production of characteristic amine- and ammonia .. :1ike 

off-odours in both experiments and in addition word s like fIshy, sour, astringent and old 

"storage room" were used. P. phosphoreum P66 is bioluminescent and the "purity" of 

microbiological growth oninoculated vacuum packs was cbnftrmed by observingthe 

proportion of bioluminescent colonies on TPC. Indigenous bioluminescent Photobacterlum 

and marine vibrio may therefore be included in the results, but their potential presence ciid 

not· change the general pattem. 

Theipparent ·yield factors for musc1e blocks with P .. phosphoreumP66 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 lO(jlmol!cfu) (Table 4). 

Inoculation with LAB at levels of 1 (}3 to 4.1 x 104 cful g resulted in high fma1levels 

of 1.5-4.5 x lOs cfu/g of the inoculated strains as conftrmed by tentative characterization of 

colonies from agar plates. L. sake 1 T18 and L. sake/bavarlcus S 1.11 presumably produced 

0.4-2.8 J.l.mollg Hx, 18.9-31.2 J.l.mol/g acetic acid and 11.6-14.9 mg-N/lOO g TMA during· 

storage for 21 days (Figure 4). However, LAB have no anaerob ic respiration and therefore 

no use for the reduction of TMAO to TMA. LAB do therefore not reduce TMAO to TMA. 

This was confrrmed in a preliminary experiment, where Carnobacterlum sp. 2T2 grew to 

fmallevels of lOs cfu/ml in salmon juice with no production of TMA in the presence of 11 

mg-N/lOO ml TMAO during anaerob ic incubation at 15°C for 13 days (data not shown). 
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Table 4. Apparent microbial yield factors for hypoxanthine (Y Hx), acetic acid (Y AcJ and 
trimethylamine (Y TM~ for bacteria strains inoculated on vacuum packed cold-smoked salmon 
blocks stored at 5°C for 20-21 days. 

Strains Cfufinal 
a 

Cfuinitial HXfina1
b 

ACefinal TMAfinal LogcYHJ LogcYAcJ LogcYTMA) 
(cfu/g) . (cfu/g) (I'moVg) (I'moVg) . (mgN/IOO g) 

Lb. sake IT18 4.5 x 108 1.4 x 1()3 2.8 13.9 14.9 -8.21 c -7.61C -9.51d 

Lb. sakelbavaricus SUl 2.4 x 108 4.1 X 104 1.2 31.0 11.6 -8.30 -6.89 -9.33 

Lactobacillus sp. R1.12 1.5 x 108 2.5 X 104 0.4 12.7 0.9 -8.56 -7.07 -10.55 

Lb. curvatus NI.4 4.1 x 108 2.1 X 104 1.0 8.9 2.9 -8.63 -7.66 -10.23 

S. liquejaciens 2R.4 9.4 x 106 3.8 x 1()3 2.2 31.8 14.4 -6.62 -5.47 -7.83 

H. alvei 52.4 3.8 x 108 5.6 x 104 1.4 35.2 11.9 -8.43 -7.03 -9.52 

E. agglomerans R3.3 9.5 x 106 7.0 x 1()2 1.6 46.8 20.1 -7.49 -6.03 -8.41 

S. liquejaciens N1.6 2.2 x 107 4.7 X 104 1.7 48.2 12.8 -7.12 -5.66 -8.25 

P. phosphoreum P66, 1.4 x 106 1.0 x 1()3 2.5 28.5 11.6 -5.73 -4.72 -7.10 
1st experiment 

P. phosphoreum P66, 4.5 x 106 1.1 X 104 2.2 32.4 14.4 -6.30 -5.14 -7.51 
2nd experiment 

a) MaxiInum cfu/g levels obtained by the inoculated strains; b) Final microbial Hx with Hx produced 
by autolysis subtracted (see Table 3); c) LoglO(p.mollcfu); d) LoglO(mg-N/cfu) 

Indigenous marine vibrio and/or Photobactenum spp. were found to coexist with the 

inoculated LAB at level s estimated to be IOS-106 cfu/g by direct microscopy, and this may 

explain the slow produetion of TMA. Growth of L. sake 1 T18 resulted in sour, cabbage and 

sulphurous off-odours, resembling those described for L. sake/bavancus S 1.11 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 lT18 

and -8.30, -6.89 and -9.33 for S1.11 (Table 4). Similar apparant yield factors were obtained 

for Lactobacillus sp. Rl.12 and Lb. curvatus Nl.4, except for apparent yield factors for 

TMA, which was lower (Table 4). This suggested the contamination with Photobacterlum 

Sp. and marine vibrios may have been smaller, which was conf"'trmed through direct 

microscopy . Off-odour produetion by strains Rl.12 and Nl.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 Enterobacterlaceae strains were less successful in colonizing the salmon blocks 

containing low level s 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 
inoculatedwith Enterobacteriaceae. 

Strain Storage time (days) TPC Enterobacteriaceae 
(Log1o( cfu/g)) (VRBG LoglO(cfu/g)) 

Vacuumpack A B A B 

S. liquefaciens 2R4 O 3.58 3.62 3.51 3.65 

3 6.11 5.59 6.46 5.92 

7 6.89 7.71 5.57 5.95 

10 7.00 -a 5.43 

14 5.32 5.57 

16 8.20 6.90 8.20 6.30 

21 6.30 6.64 6.38 6.45 

H. alvei S2.4 O 4.76 4.74 4.75 4.73 

3 6.00 6.61 5.68 6.59 

7 7.81 6.73 7.66 6.53 

10 8.23 6.77 8.45 6.00 

14-- 6.-86- 8.04 -- 6.90 8~04 

16 8.38 6.28 8.57 5.70 

21 8.48 8.68 8.61 8.56 

E. agglomerans R3.3 O 3.00 2.95 2.79 2.91 

3 4.71 3.93 4.49 4.00 

7 7.45 6.90 5.28 5.56 

10 7.11 5.94 6.79 5.71 

14 -6:76 5.92- -3.00 -·5:92 -

16 7.88 7.00 7.40 6.56 

21 5.48 5.72 5.30 4.60 

S. liquefaciens N1.6 O 4.00 4.67 4.76 4.58 

3 5.66 6.80 - 5.94 6:11 

7 6.85 7.08 . 6.60- 6.11 

10 7.18 7.26 

14 6.58 8.08 6.45 8.34 

16 8.28 - 8.26 

21 6.77 6.88 6.84 6.08 

aYVacuum-pack:discarded dueto-loss ofvacuum. 
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The yield factors obtained by S. liquejaciens 2R4 and N1.6 were comparable with those 

obtained for P. phosphoreum P66 indicating heavy contamination with Photobactenum spp. 

and marinevibrio (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 l()1i-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 cful 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). 

DId· stale, sweet and nauseous off-odours were typical of aged salmon inoculated with the 

Serratia strains and E. agglomeransR3.3. 

Production of volatile sulphur compounds by Lactobacillus sake (ITIS). 

Lactobacillus sake 1 T18 produced large amounts of H2S but not any other volatile 

sulphur compound s (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 

strainsand S. liquejaciens 2R4 (Figures la-c, Table 2). If the compounds responsibie for 

the detected off-odours are produced at rates related to the metabolism of acetic acid and Hx, 

P. phosphoreum P66 may be responsibie 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 (Axels son, 1993; Baumann 

& Baumann, 1984; Gottschalk, 1986). P. phosphoreum P66 and S. liquejaciens 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.liquejaCieizs 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 bumt. 

Nllcleotide metabolism in salmon juice. 

S. liquejaciens 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 tb degrade IMP to ~no follo~ed by production of Hx 

from Ino (van Spreekens, 1977). Surrette et al. (1988)found that Proteus spp. producedflx 

from Ino in spoilingcod,and it is therefore not surprising that the related and biochemically 

very active S. liquejaciens 2R4 shares this ability . Degradation øf IMP to Ino hasprevj()usly 

been reported to be autolytic (Jones, 1965; Gill, 1990), but the present study confIrms that 

bacteria may participate in the conversion. LAB fromsmoked salmon were tested ina 

previous experiment for their ability to degrade Ino to Hx with subsequent acid production 

from ribose, and positive strains were foundamong tentatIve Lb. curvatus, Carn()bacteti'um 

spp., Lb. plantarum and Leuco. mesenteroides (Truelstrup Hansen & Huss, 1995c). Lb.sake 

lT18 was, however, negative in this test, for which there is no obvious explanationother 

than the arginin-dihydrolase positive strain may have produced NH3 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). 

SaJmon-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 succes s 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 shown 

to be microbiological (Table 1). The occurrence of indigenous Photobacterium spp.lmarine 

vibrio and LAB on approximately 50 % of the salmon necessitated careful data interpretation. 

The high metabolic activity levels of the formerbacteria meant _that they could disturb the 
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chemicai data even whenpresent 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 SalmOD. blocks. 

P. phosphoreum P66grew to approximately same maximum of cells numbers (1-8 x 

106
) on salmon blocles as in salmonjuice (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 asvacuum and modified atmosphere packed (MAP) cod (Dalgaard et al., 1993; 

Dalgaard, 1995). On the other hand, van Spreekens (1987) found that P. phosphoreum 

producedno strongoff-odours in lightly salted vacuum packed mat jes herring with 2-3% salt. 

Photobacterium· spp. dominated the flora in levels of 6.0-6.5 LoglO(cfu/g) atthe time of 

rejection by the taste panellists, but unfortunately the sensory characteristics were not 

described. P. phosphoreum rapidly converted all TMAO to TMA and produced high levels 

of acetic acid (29-32 p.mol/g), which may have contributed to the amine and sour off-odours 

also detected. 

Characteristics of lactic acid bacteria OD SalmOD blocks. 

It is possibie that salmon blocks inoculated with LAB were influenced by the presence 

of naturally occurring Photobacterlum spp., marine vibrio and LAB. The spoilage 

characteristics were however, clearly different fromthose observed for P. phosphoreum P66 

and differences were observed among the strains. The sensory characteristics described as 

sour, astringent, faecal and slightly fruity found oDly in vacuum packs with LAB, have 

previously been described in spoiled cold-smoked salmon with high apparent numbers of 

LAB (Truelstrup Hansen et al., 1995a), and it seems likely that LAB parallel to fmdings on 

vacuum packed beef and beef produets can be held responsibie for spoilage (Egan, 1983). 

Borch & Agerhem (1992) also found produetion of sour off-odours, acetic acid, L-Iactic acid 

and H2S by a homofermentative Lactobadllus spp. and putrid/tainted off-odours, D-Iactic 

acid, ethanol and some H2S by a Leuconostoc sp. inoculated onto MAP beef stored at 4°C. 

Characteristics of Enterobacteriaceae OD SalmOD blocks . 

. H. alvei S2.4 was the oDly 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 et 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 havebeen related to spoilage of vacuum 

packed meat products (Dainty et al., 1992). In inoculation experiments onmeat Hanna et 

al. (1979, 1983) and Dainty et al. (1989a) found H. alvei strains produced H2S. The 

description of off-odours produced by this strain on cold-smoked salmon did not indicate 

presence ofH2S, andthestrain tested negative forH2S:-productionin theAPI 20E (data not 

shown), indicating the ability to produce HiS may vary amongH. alvei strains. 

Production of HzS by Lb. sake 1 T1S. 

Growth of Lb. sake 1 T18 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 H2S but not CH3SH or CH3-S-S-CH3• This strain also produced H2S 

in Iron agar (Truelstrup Hansen & Huss~ 1995c), and Lb. sake has previously been shown 

to produce ~S from cysteine in vacuum packed beef (Egan & Shay, 1989). Jeppesen & 

Huss (1993) screened 61 LAB strains from fish including 24 tentative Lb. sake for production 

of off-odoUrsin sterile shrimp juice but detectedno sulphur-like off-odours.Also, Lb .. sake 

1 T18 produced no such odours when inoculated in salmon juice in the present study. Itmay 

be that LAB strains' ability to produce off-odours is restricted and therefore· underestimated 

inthe· fish juice model system due to lack of natural substrates like cysteine for H2S-

production etc:-- - ,- ... .'.~ -' .. -............ -.. -_. - ---- "--- .-.... -....... - _ .. 

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 a,cid 

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 

averageLog(YTMA) of -7.31 ± 0.29 (SD), which was comparable to the -8.0 + 0.3 Log(mg­

N/cfu) found for p; phosphoreum during anaerob ic growth in cod juice at OCC (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 salmonjuice 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 sake (l T18) were also shown to 

produce H2S, indicating these bacteria may contribute to spoilage. Further work is required 

to elucidate the bacterial spoilage of cold-smoked salmon. 
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Abstract. 

Salmon and environmental samples from a fish farm and a salmon slaughterhouse 
were analyzed fox Listi!riCl spp. using the USDA method and the rapid quantitative 
Listertest™. Listena spp. were not detected in any of the 1 i 9 samples aruuyiea~--H6Wever, 
Corynebacterium spp. gave false positive results with the USDA method, and with the 
Listertest when its plates were incubated at 20-25°Cin stead of 37°C as recOl;mnended by 
the manufacturer. Means of distinguishing between Corynebacterium spp. and Listeria spp. 

l' , ,", 

are discussed. 

Keywords: Listeria spp., salmon, fish, Listertest™, USDA method~ Corynebdctenum 

aquaticum, 'CDC group A-4. 

Introduction~ 

Listena monocytogenes Ms-Been tecognised-as-a major food pathogen forthelastten 

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,co()ked andlightly preserved fish 

products (Weagant et al., 1988; Farber, 1991; Noah et al., 1991; Jemmi, 1993) and its 

prevalence and significance in seafood have been extensively reviewed (Dil1an & Patel, 1992; 
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Fuchs & Reilly, 1992; Jemmi, 1993; Ben Embarek, 1994). 

Listeria spp. have been isolated from the marine environment in water samples and 

sediments (Colbum et al., 1990) but data on the natural presence and levelof the bacteria 

on seafood are limited (Colbum et al., 1990; Motes, 1991). 

The present work was done to determine ifL. 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 ofAgriculture (USDA) method. 

Materials and Methods. 

Sample Collection 

(i) Fromthe 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. Fromthe same 

site, 10 surface water samples (approx. 5 cm below the surface) were e'ach collected in 1 l 

sterile bottles. Fishand water samples were transported to a nearby laboratory and analyzed 

within 16 h. No sediment samples were collected as the bottom was made of rocks. 

At the laboratory, from each salmon, gills were aseptically removed, split into 3 

pieces and placed into three stomacher bags forthe Listeria analyses according to the USDA 

method and to the Listertest™, as well as for total viable count (TVC). Skin and gut samples 

were treated similarly. 

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

One filter was used for each sample. 

(ii) From the slaughterhouse. In the slaughterhouse, the salmon were bled in a 
bleeding-tank, 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 packing and skin samples were collected as forthe 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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proces s were collected with a sterile swab (approx. 10 cm2 of plane surfaces, whole knife 

surfaee or approx. 20 cm linear swab) into screw cap tubes containing10 ml physiological 

saline (PS) (0.1 % peptone and 0.9% NaCI). 

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 bne 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 fann. 

Microbiological Analysis 

Most ofthe liquid samples (water and swabs) were split and analyzed by all 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) withenrichment of 5 g s,ample or 

swabs in 45 ml UVM1 broth (Oxoid, CM863 + SR142; 24 h, 30°C). Then 0.1 mlwas 

transferred into 10 ml UVM2 broth (Oxoid CM863 + SR143; 24 h, 30°C) and subsequently 

plated on Oxford agar plates (Oxoid, CM856 + SR140) which were incubated at 30°C and 

examined for growthafter 24 h, 48 h and 72 ,h. 

Vicam Listertest™ Method. A total of 59 samples (Table laIlcl'f~1:>I~_,7) .'-V~re 

analyzed using the Listertest™ following the, instruetions from the manufacturers ,(Listertest™ 

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:Forenvironmental,samples,.swaps.,wer:e ~~g_w:7.:? ml buffer. Two ml were 
... - .. ". .. '. . ........ ~ :.- "C'," - ::- .. ";:_.. . _:" -: .... _ _ 

transferred to capturevials. Immunobeads coated with antibodies were added. After 2 h 

inctibation on a rotator at room temperature, thebeads were captured Oli a magnetic rack, 

'the fluid removed and the beads washed twice in buffer. The bead~ were resuspended in 0.2 
" . . ' . . ' 

ml buffer and plated onto agar plates (Brain Reart Infusion agar (52 g/l), lithium chloride 

(5 g/l) and ceftazidime (0.05 g/l) incubated at 37°C for at least 22 h. M~mbranes were then 

placed over the plates to create a replica of the colonies. Colony material was fIXed on 1;he 

membranes with ethanol, membranes washed and blocked to avoid non-specific 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 ftuther 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 blue on 

Listertest™ membranes were considered as presumptiveListeria colonies, recovered in brain 

heart infusion broth (BRI) (Difco, 0037) and werestreaked onto tryptone soya agar (TSA) 

(Oxoid, CM131) plates. After incubation (25°C, 24 h), they were tested for Gram reaction 

in 3% KOR (Gregersen, 1978), catalase activity in 5% H 20 2 and cytochrome oxidase byDry 

slide™ oxidase (Difco, 3530). Motility and morphology were determined by phase contrast 

microscopy of BID cultures incubated for 24 h at 25°C. 

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-rhamnose, D­

xylose, methyl-a-D-mannopyranoside, maltose and L-arabinose. 

Results and Discussion. 

Table 1 and 2 show the results of the Listeria analysis performed on the samples 

collected at the salmon farm and in the slaughterhouse. 

From all the Oxford agar plateswith black colonies (USDA method) one to five 

colonies were picked up from each plate and all colonies were collected from agarplates with 

spots on matching membranes (Listertest~. A total of 123 Listeria-presumptive isolates 

159 



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 coloniesa on No; of Spots on membraneb Growth on selective 
Oxford (Samples) Ox.ford (Samples) samples_ (~aII1pl~st_ _ _ _ ~gar (~aIllples) 

Water 

Gills 

Skins 

Guts 

Total 

7 

10 

10 

6 

33 

O 

O 

1 

1 

2 

4 

10 

10 

5 

29 

a) Esculin negative colonies; b) Plates were incubated at:20-2SoC for 72 h. 

1 

9 

9 

10 

29 

O 

2 

4 

3 

9 

Tabte 2. Listeria analysis results from thesalmonslaughterhouse with the USDA-method and the Listertest™. 

USDA-method Listertest"" 

Source No. of samples Black colonies on 
Oxford (Samples) 

White coloniesa on No. of samples Spots on membraneb 

Oxford (Samples) (Samples) 

Gills 3 1 3· 2 1 

Skin 3 1 3 3 2 

Guts 2 O 2 2 O 

Stomach· swab 5 O 5 O 

Water (bleeding tank) 5 5 4 3 2 

Water (inlet) 2 1 O 2 1 

Water (cleaning line) 3 O 2 3 3 

Water (drain) . 2 -·1 2 2 2 2 

Water (outiet) 1 O O l 1 

lee 1 O O O 

Swabs O 11 5 

Total 27 10 21 30 17 

a) Esculin negative colonies; b) Plates were incubated at 20-2SoC for 72 h. 

1 

7 

4 

5 

17 

Growth on 
Elates (Samples) 

2 

2 

O 

2 

2 

3 

2 

1 

O 

11 

25 



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 pattem 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 

fermentation pattem (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 

aquaiicum. The majority(23) were isolated. from different water samples in the 

slaughterhouse. Two were isolated from the skin of a salmon from the farm and the skin of 

a slaughtered salmon from the slaughterhouse. The isolate BS3B was identified as belonging 

to the eDe 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°e 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 BHl at 25°C and then IO-fold dilutions were 

made in PS and 0.1 JLI of the appropriate dilution injected into sterile cod sticks (10 g) to 

give approx. 104 cfu/g fish. The sticks were then run through Listertest™ according to the 

inanufacturers recommendations (Listertest™ manual). Plates were incubated at 37°e for 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 onthe membranes. L. monocytogenes Scott A 

was treated similarly and run in parallel as a positive control. 

The levels ofthe TVC found on water (103 CFU/g), gills(lOS CFU/g), skins (104 

CFU/g) and intestines (lOS-106 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). TVe results from the slaughterhouse did not show any exceptionallevels 

(data not shown). 

In the present study, Listeria were not isolated from any of the fish or environmental 
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samples tested. Rørvik et 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 probably varies 

ainori& fanns and processing plants depending of the prevalence of the organism in the 

surrounding environment, and the raw materlal·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 withthe 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, Røfvik & Heidenreich (1993) reported false-positive results caused by 

Corynebacterium brevis (sic) arid Actinomyces pyogenesusing 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 & Jørgensen (personal communication). 

According to Seeliger & Hohne (1979), there seem to be overlapping antigens 

between Listeria and motile corynebacteria which could explain a possibie cross-reaction with 

antibodies to Listeria antigens. Positive results from immunological test kits may therefore 

need confIrmation bY time':consumingbiochemical 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 ontheir 

. inCidence in seafood . 

. Cotyt7:ebacterium·· aquaticum···is····not· -recognised.as .. a._speCies .. of fue..c. g~~!ls 

Corynebacterium by Bergey'sManual of Systematic Bacteriology (Collins & Cummins, 

1986). Its motility excludes it from the genus Corynebacterium (von Graevenitz & Krech, 

1992). It is recommended that aerobic/facultative anaerob ic growth and colony pigmentation 

be included in the initial testing of presiunptiveListeria 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~d 

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 Listena from low-Ievel 

inoculated seafood and meat (Jackson et al., 1993), and from spiked stainless steel surfaces 

(Mitchell et al., 1994). Farber (1993) found Listertest™ Lift to be effective in isolating 

Listena 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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