






































































































































































































































Introduction.

Cold-smoked salmon is a lightly preserved fish product of considerable economic
importance world-wide. Although a traditional product, microbiological or chemical criteria
for objective quality evaluation of cold-smoked salmon are not well established and are not
based on systematic studies of spoilage of the product. .

Several surveys of the quality of cold-smoked salmon on the German market have
revealed serious problems with sensory acceptability at the end of the declared minimal shelf
life (Rakow, 1977; Schulze & Zimmerman, 1983; Nieper, 1986; Hildebrandt & Erol, 1988).
The reasons for these serious quality problems have not been examined but could be due to
consumer demands for lower salt levels. :

During storage of cold-smoked and vacuum packaged salmon at chill temperatures,

a complex microflora develops which is dominated by lactic acid bacteria along with fewer
numbers of other groups like Brochothrix thermosphacta, Vibrionaceae, other Gram negative
bacteria and yeasts (Cann et al., 1984; Schneider & Hildebrandt, 1984; Jakobsen et al.,
1988), but no specific spoilage organisms have yet been identified. No relation between shelf
life of cold-smoked salmon and total numbers of bacteria has been found (Gibson & Ogden,-
1987, Hildebrandt & Erol 1988; Jakobsen er al., 1988) which makes the use of any cr1ter1a
based on total viable counts irrelevant as a quahty parameter

- Among potential chemical quality mdlcators for measurmg the quality of cold-smoked
salmon the development of total volatile bases (TVB—N) (Declerck & Vyncke, 1972,
Declerck, 1976; Cann et al 1984 Schnelder & Hlldebrandt 1984 Jakobsen ez al., 1988)
the productlon of NH3 and the mcrease in volatlle acids (Declerck 1976) the degradatlon of
nucleotldes expressed as. an mcrease in hypoxanthme (Cann ¢ et al., 1984) and the productlon
of ethanol (Rehbein, 1993) have been con51dered However, the origins of these chermcal
changes and their relation to product quahty are not well estabhshed wh1ch make their use
as objective quality mdlcators ‘uncertain.
have dlfﬁcultles in monitoring quality changes, determmmg shelf life and may be confrohted
with irrelevant and unreasonable demands from their custorners which prlmanly deal with
the microbiological status of the product. Apart from the typical demand for the total viable
count (TVC) to be less than 10° cfu/g in the sliced, vacuum packed product, other frequent
unreasonable demands deal with maximum limits on the numbers of specific types (genera)
of organisms (coliforms, Enterobacteriaceae, Enterococci, lactic acid bacteria etc.) regardless
of there being any scientific evidence relating levels of such organisms and the shelf life of
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the product.

The objective of this study was to find suitable objective quality indicator(s) through
a systematic study of chemical, microbiological and sensory changes during storage of
vacuum packed cold-smoked salmon with two salt levels (ca. 2 and 4.5% salt in the water

phase) stored at two storage temperatures (5 and 10°C).
Materials and Methods.
Salmon.

Fresh, premium quality, farmed salmon (Salmo salar) was slaughtered and filleted
at a salmon farm in St. George, New Brunswick, Canada. Within 1-2 days after slaughter
the fillets were packed in Styrofoam shjppin’g boxes with ice (12.5 kg fillets to approximately
6-7.5 kg of ice in bags) and shipped (12 h) on a refrigerated truck to the smokehouse (Ocean
Organic Ltd., Tusket, Nova Scotia, Canada). On arrival, the temperature of the fillets was
0.5-1.3°C and they were stored at 2°C for 1 day before processing. Fillets had an average
weight of 1 kg. To obtain cold-smoked salmon Wwith high and low salt levels, the salmon
fillets were brined in a 23% (w/w) salt brine for 6 and 3 h, respectively, with a fish/brine
ratio of 1:1 (w/w) and brine temperature of 8°C. The fish were dried for 6 h at 26°C with
an initial relative humidity (rh) of 80% and final rh of 50%. They were smoked at 26°C for
6 h at a th of 63%. Fish were sliced and vacuum packed in 50 g portions in a barrier
material consisting of Nylon/polyethylene with an oxygen permeability of 0.29'mL/(100 cm?
-24 h) at 0% rh, 20°C and water vapour permeability of 0.06.mL/(100 cm? -24 'h). After
packing, the fish were frozen for 8 days at -26°C and then transportedvto the laboratory (4
h) in sealed Styrofoam boxes. Upon arrival, the temperature did not exceed 0°C.

High and low salt packages were divided at random into tréatments (see Table 1) and
stored for up to 61 days at either 5 or 10°C. Six packages from each treatment were drawn
at random every 8 to 12 days during the stofage period and used for the chemical,
microbiological and sensory analyses. All chemical and microbiological analyses were
performed in triplicate (e.g. 3 different packages were analysed). Salt and moisture
determinations were done separately on 6 packages (50 g each) from each treatment at the

beginning of the storage experiment.
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Sensory evaluation.

Sensory evaluation was carried out with 6 semi-trained judges presented with a
pooled sample from each treatment for overall acceptability, with regard to taste and texture
disregarding salty and smoky flavours. A hedonic smiley scale with 7 "faces" was used
(Fletcher et al., 1990) and later translated into numerical scores 1-7, where 1 and 7 were
considered lowest and highest, respectively; 4 was considered the borderline of acceptability.
The judges were also asked to comment on odour, texture, appearance and taste. On each
sampling day, the effects of judges and treatment were evaluated by analysis of variance
(ANOVA). Treatments receiving scores > 4 by = 50% of the judges were considered
acceptable, treatments obtaining scores of 4 at the borderline for acceptability and scores <
4 unacceptable and rejected. The maximum shelf life for a treatment was defmed as the last

sampling day where the treatment reeelved a score of 4 or above.
Microbiological analysis.

~ Salmon samples. were. homogemsed in 0. 9% NaCl _(w/v) 0.1%. (w/v) peptone for
30 s.in a Stomacher 400 Lab Blender (A. J. Seward, Bury, St. Edmunds, U. K.). Total
viable counts (TVC) were performed by pour plating with Tryptic Soy Agar (TSA) (Difco
(0369-17-6), Detroit MI, USA) and plates were incubated 3 days at 25°C. Total
psychrotrophic counfs (TPC) were vdone using spread plate method on TSA and plates were
incubated at 10°C for 5 days.. Enterobactenaceae were enumerated on pour plates prepared
with Violet Red Bile Glucose agar (VRBG—G) (Ox01d CM485 Umpath Lid. Basingstoke,
Hampshire, England) and TSA. _N_All eolomes w1th typ1ca1 red violet zones after 2 days’
aerobic incubation at 25°C were counted as tentative Enterobacterzaceae (Mossel 1985)
Lactic acid bacteria were counted on pour plates in Nitrite Actldlon Polymyxm agar (NAP)
(Davidson & Cronin, 1973) made from All Purpose Tween agar (BBL, Becton & Dickenson
Microbiological Systems, Cockeysvﬂle MD USA) with the addition of 0.6 g NaNO,, 0.01
g Actidion (Cycloheximid, Slgma St. Louls MO, USA) and 0. 003 g polymyxm—B (Slgma)
per litre agar. The pH was modified to 6.7 instead of the original 5.5 to make growth of acid
sensitive lactic acid bacteria including Carnobacterium spp. possible (Collins ez al., 1987).
All typical colonies were counted as tentative lactic acid bacteria after 3 days’ aerobic

incubation at 25°C.
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Chemical analysis.

Ethanol analysis. Salmon was blended with 0.6 M perchloric acid (PCA) in a
Lourdes Multi-Mixer (Model MM-1B, Lourdes Instrument Corp., Brooklyn, N.Y., USA) in
a 1:2 ratio and filtered (Whatman #1). The filtrate was stored at -28°C until the analysis was
performed. Samples were neutralised to pH 7 with 15% (w/v) KOH just before analysis. An
enzymatic kit based on alcohol dehydrogenase from Diagnostic Chemicals Limited,
Charlottetown, PEI, Canada was used. '

Nucleotides. Ryder’s (1985) HPLC method was used with a Waters HPLC system
equipped with 2, Model 6000 A pumps, a WISP 710B autosampler, a Model 720 System
Controller and Data Module and a C-18 u Bondapak reverse phase 3.9 x 300 mm column.
The mobile phase was 0.1 M potassium phosphate with pH 7.00. Samples were prepared by
PCA extraction as described above, except that the neutralisation was performed immediately
after the extraction. The nucleotides were identified using relative retention times and
extemaliy quantified using authentic standards obtained from Sigma, St. Louis, MO, USA.
The external quantification was calibrated with fresh standards every day. ,

Trimethylamine (TMA). The picric acid method of Dyer & Mounsey (1945) as
modified by Tozawa et al. (1971) was used. PCA extracts were prepared as described above
for ethanol.

Organic acids. Organic acids were analysed by HPLC on a BIORAD HPX-87H
Organic Acid column (300 x 7.8mm). All analyses were performed on neutralised PCA
extracts. Experimental conditions were: flow rate, 0.4 ml/min; eluent, 0.008 M H,SO,; run
_ﬁme, 60 min; injection volume, 15 ul; column temperature, 35°C and UV detection at 210
nm. Identification and quantification was done on the basis of relative retention times of
authentic standards.

Salt. The AOAC (1975) method was used for salt determinations on salmon
homogenates. Salt content was expressed as % NaCl in water phase of salmon.

Dry matter content was determined by oven drying 2 g salmon at 105°C for 20-24
h (until constant weight was vobtained). B | |

Statistical analyses.
The effects of the treatments and the storage time on the quality of cold-smoked

salmon as measured by the chemical quality indices were analysed by a trend comparison
procedure based on orthogonal polynomial contrasts with unequal intervals (Gomez &
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Gomez, 1984). The linear, quadratic and cubic contrasts for each treatment and their
interactions were analysed for .signiﬁcance by forward stepwise multiple regression using
STATGRAPHICS ver. 4.0 (1989).

Results.

" The salt contents and treatments of the samples and results of the sensory evaluation
are shown in Table 1. High salt samples stored at 5 and 10°C were acceptable for at least
2-3 weeks more than the low salt samples stored at the same temperature. -Increasing storage
temperature from 5 to 10°C gave a decrease in shelf life of 1-2 weeks for high salt samples
and of 2-3 weeks for low salt samples. Analysis of variance (ANOVA) showed no significant
differences (P > 0.05) among the judges on any sampling day, indicating that the judges
agreed on their evaluation (data not shown). The spoilage patterns described by the panelists
were the same in all treatments and involved change from highest quality with fresh typical
odours and flavours .to formation' of -a-neutral ‘bland and slightly sour taste indicating. a
borderline quality. Spoiled cold-smoked salmon was characterised by bitter, faecal and rancid
off-flavours-regardless -of- storage -temperature--and -salt level- (see-Table- 1)The texture
softened before off-odours and off-flavours were produced, and the tissue softening was often

the reason for initial decrease in quality scores.
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Fig. 1 The microflora during storage of cold-smoked salmon with a) 4.6% and b)
2.2% SWP. O, TVC; v, TPC; ©; LAB, W, Enterobacteriaceae; ¥, below detection.

The size and development of the microflorawas: similar-in all treatments regardless

of the large differences in sensory properties.
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Table 1. Sample treatment and sensory evaluation of cold-smoked salmon. -

- Salt level

Codes  Storage Max. acceptable  Borderline sensory characteristics ~ Rejection sensory characteristics
temp. (% SWP)"  shelf life
(weeks)? Texture Flavour Texture Flavour

H10 10°C 4.6 + 0.5 5-6A Soft Slightly sour/bitter =~ Mushy, soft Bitter, faecal, _rancid,
(32)® oxidised (52)"

L10 10°C 22 1+ 0.6 1-2 Soft Slightly sour (12). Mushy, sticky Bitter, faecal, putrid,

ammonia (21)
H5 5°C 46 £ 05 7-8 Soft ~ Slightly sour (40) - -
i L5 5°C 22 + 0.6 4-5 Soft, mushy Slightly sour (32) Mushy Bitter, faecal, putrid, rancid

(40)

1) % SWP: Salt content in water phase + Standard deviations (n-1); 2) Based on last acceptable sampling day; 3) Sampling day at which

borderline quality is reached; 4) Sampling day at which sample is unacceptable, 5) Samples from treatment are still of borderline quality.




Figures 1a-b show the microflora of the high salt samples stored at 5°C and the low
salt samples stored at 10°C, respectively, which had very different sensory properties (Table
1). The numbers of microorganisms ranged from 10°-10¢ cfu/g salmon for TVC and TPC
at the beginning of the storage period. After 12 days of storage, levels of 107-10% cfu/g
salmon were reached for TVC, TPC and tentative lactic acid bacteria. Ultimately, bacterial
numbers of 10%-10° cfu/g salmon were obtained. The numbers of tentative
Enterobacteriaceae were at least two log units lower than the TVC, TPC and tentative lactic
acid bacteria counts throughout the storage period, and at the end of the period their numbers
decreased to levels of < 10* cfu/g salmon.

50

O High salt
4 | ow salt

1
1
40 |- ¢ High salt 5°C /
e Low salt 5°C /

Acetic acid (umol/g salmon]

o 10 20 30 40 50 60 70

Storage time (days)

Fig. 2. Development of acetic acid during storage at 5 and 10°C of cold-smoked -
salmon with 2.2 and 4.6% SWP. :

Figure 2 shows that the acetic acid concentraﬁon rosé with storage time for all
treatments, but at different raﬂ;:S. | In most treatments the acetic acid concentrations were
below 4 umol/g in fresh cold-smoked salmon, between 11.6-23 pmol/g at rejection (Table
3) and rose to levels of up to 45 pmol/g in completely spoiled salmon. The concentration of
acetic acid was significantly related to the salt levels (P < 0.001), storage temperature (P <
0.001) and storage time (linear (P < 0.001) and cubic (P < 0.05)) (Table 2). However,
there was a significant interaction between salt and time (linear (P < 0.001)). |

Initial levels of lactic acid ranged from 55-105 umol/g and after 61 days of storage,
values ranged from 81-118 pmol/g (data not shown). The formic acid concénfratidns were
below 1 umol/g salmon at the beginning of the study and reached levels of 4-11 pmol/g
salmon at day 61 (data not shown).r Fumaric acid concentrations were in the range from 19-
37 nmol/g salmon and 16-87 nmol/g salmon at the beginning and end of the storage period,
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respectively (data not shown). None of the changes in these organic acids showed any
systematic pattern related to the experimental parameters.

Initial pH values ranged from values of 5.9-6.1 to final values of 5.8-6.3, ‘but 1o
consistent trends with salt, storage temperatures, production batch or storage time weré
observed (data not shown).

At the beginning of the storage experiment, inosine monophosphate (IMP) inosine
(Ino) and hypoxanthine (Hx) were found in all samples of cold-smoked salmon. Only in one
treatment (H10), were traces of adenosine di- and monophospate (ADP and AMP) found (data
not shown). All IMP and Ino was converted into Hx during the storage period.
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Fig. 3. Hypoxanthine content during storage at 5 and 10°C of cold-smoked salmon
with 2.2 and 4.6% SWP.

Figure 3 shows the increase in Hx from initial levels of 1.6-3.0 pmol/g salmon to final levels
of 8.0-9.2 umol/g salmon, with levels of 5-7 pmol/g and 7-8 indicating borderline and
rejection quality, respectively (Table 3). Trend comparison analysis of the Hx concentrations
for the treatments revealed significant effects for the main factors: salt (P < 0.001),
temperature (P < 0.001) and time (linear (P < 0.001), quadratic (P < 0.001) and cubic (P
< 0.05)) (Table 2), thus decreasing salt levels and increasing storage temperature increased
the rate of degradation with time in all treatments. The linear, quadratic and cubic
components of the time effect and the related salt and time interaction seemed to be caused
by the complete conversion of Ino to Hx. Therefore, by the end of the storage period, the
rate of degradation is decreased by substrate limitations and not by salt level.
Concentrations of trimethylamine (TMA) ranged from 2-8 mg TMA-N/100 g in fresh
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smoked salmon and 10-14 mg TMA-N/100 g in spoiled salmon (Table 3) and further to levels
of 12-22 mg TMA-N mg/100 g in completely spoiled salmon (data not shown). The final
concentration and the rate of development of TMA depended upon the salt level and storage
temperature; decreasing salt levels and increasing storage temperature resulted in higher
concentrations} of TMA (Table 2). The interaction between salt and temperature (Table 2)
meant that the low salt samples stored at 10°C had a higher TMA level than the low salt

sample stored at 5°C during the storage experiment, whereas there was no significant

difference (P > 0.05) for high salt samples.

Table 2. Trend comparison anﬁlysés of the development of TMA, ethanol, acetic acid,
hypoxanthine as a function of salt concentration, storage time and storage temperature of
smoked salmon (n=284).

Dependent variable Independent variable Coefficient F-prob.
TMA .. Salt 2.8773 0.0000
R? = 0.7588 Temperature 1.0989 0.0006
SE? = 2.8148 Time 0.0267 0.0000
F-prob.= 0.0000 Salt x Temp. -1.2889 0.0001
- +- = --—- —-Constant . 10.8744 = . ___ . .
Ethanol Salt -0.7746 0.0000
R? = 0.7354 Time 0.0085 0.0000
SE = 0.8917 Time? (Q) -0.0011 0.0002
F-prob. = 0.0000 Salt x Time -0.0018 0.0079
N Constant 2.6821
Hypoxanthine salt -0.7700 0.0000
R? = 0.8703 Temperature 0.5469 0;0000
SE = 0.9290 “Time 0.0150 0.0000
_F-prob. = 0.0000 * Time* (Q) -0.0018 0.0000
| Time® (C) -0.0001 0.0430
' Salt x Time? (Q) ~0.0007 0.0208
Salt x Time® (C) -0.0001 0.0026
| Constant 5.9830 o
Acetic acid “Salt -3.7890 0.0000
Rz = 0.7871 Temperature 3.6993 0.0000
SE = 5.6311 Time 0.0649 0.0000
. Time* (C) -0.0003 . 0.0272
F-prob. = 0.0000... .. Saltx Time 00170 0.0002
- Constant 16.7280. .

a) - Standard error of estimate
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Initial ethanol concentrations in cold-smoked salmon samples were less than 1 ymol/g
salmon and rose to levels of 2.2-3.4 umol/g in spoiled salmon (Table 3). At final stages of
storage, low salt samples reached concentrations of 4-6 umol/g salmon, whereas high salt
samples only reached levels of 2.8-3.5 ymol/g salmon (data not shown). Trend comparison
analysis showed that the salt level and storage time (linear and quadratic) affected the
concentration and development of ethanol (Table 2). However there was a significant
- interaction between salt and time (linear (P < 0.05)). The influence of storage temperature
was not significant (P > 0.05). * Samples with the high salt level developed less ethanol

regardless of storage temperature.

Table 3. Changes in concentration of various chemical compounds during storage of cold-
smoked salmon.

Codes” H10 Lo HS L5

, Quality?
Hypoxanthine Fresh 1.99(1)* 3.0 (1) 1.6 (1) 1.6 (1)
(umol/g) Borderline 74(32) 53712 7.0 40) 6.9 (32)
Spoiled 7.2 (52) 8.0 (21) 7.2 (61 8.0 (40)
 Acetic acid (umol/g) Fresh 2.4 3.6 34 3.6
Borderline 23.1 9.7 15.9 16.7
Spoiled 23.0 16.6 11.6" 19.6
TMA Fresh 3.6 8.9 1.9 2.0
(mg TMA-N1008) B ordertine 78 166 128 11.9
o , Spoiled 12.0 10.3 14.6” 13.5
Ethanol Fresh 0.3 0.7 0.4 0.2
(pmol/g) Borderline 2.9 24 2.6 5.0
| Spoiled 2.2 2.5 2.89 3.4

1) Codes: See Table 1; 2) Quality as judge by sensory evaluation; 3) Values are mean of 3 vacuum
packs; 4) Number in parenthesis refers to the sampling day, see Table 1); 5) Samples were not
rejected at the last day (52) for sensory evaluation, values are from 61st day.

Discussion.
The shelf life of vacuum packed cold-smoked salmon varied according to salt

concentration and storage temperature. The observed shelf lives were long compared to other
reports in the literature, where shelf lives ranged from 21 to 27 days at 5°C and 4.3 % salt
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in water phase (Cann ef al., 1984; Jakobsen et al., 1988). However, absolute shelf lives are
difficult to compare because of the lack of standardised criteria for determination and
differences in production methods. The spoilage pattern and description of off-flavours were
in agreement with previous descriptions in the literature by Hildebrandt & Erol (1988), Cann
et al. (1984) and Jakobsen et al. (1988). This mdlcates the existence of a specific spoilage
mechanism for the product. e

The textural changes were evident before production of off-odours and off-flavours
(Table 1) and may be caused by activity of muscle proteases. Herbert et al. (1971) found
textural changes during storage of sterile blocks of cod indicating the importance of autolytic
enzymes for textural changes. The tissue softening in the different treatments developed at
different rates as observed by the sensory evaluation (Table 1). Part of the explanation for
this may be, that increasing salt concentrations in the range of 0.5-5.0 % (w/w) decrease the
activity of some proteolytic enzymes (cathepsins) as shown by Reddi ez al. (1972).

The observed differences in shelf life were not reflected by any of the
miCrobiological analyses (TVC, TPC, lactic acid bacteria or counts on Violet Red Bile
Glucose agar) Thus, cold-smoked salmon with h1gh numbers of microorganisms (108 cfu/ g
salmon) were not always spoiled (Fig. 1la & Table 1) Similat obsétvations have been made
in previous experlments with cold-smoked salmon (Jakobsen et al., 1988) and cold-smoked
herring :(Magnﬁsson & Traustadéttir, 1982). Thus microbiological counts of microorganisms
pot identified as specific spoilage organisms (or pathogens) are useless as quality indicators
for this product. |

The development of Hx, acetic acid and TMA was significantly related to salt Ievel,
storage temperature and storage time and in some cases, to intefaet_ions among parameters
(Table 2). This qualified these compounds as potential quality indicators. Bitter off-flavours
were characteristic for the spoiling fish (Table 1) and has previously been connected with
hypoxanthine production (Fletcher ez al., 1990). The direct relationship to sensory properties
enhances the suitability of Hx as a quality indicator for cold-smoked salmon. Cann et al.
‘(“1'9_84) ‘reported comparable levels of Hx, but.because of variation in the experimental
material they did not find the compound suitable as quality indicator in cold-smoked salmon
nor in vacuum packed fresh salmonids. Others have found the mucleotide pattern to be
appropriate for quality assessment of fresh salmonids (Blokhus, 1986; Lakshmann et al.,
1993). The acetic acid content in cold-smoked salmon was well explained by the trend
comparison analysis (Table 2), but unlike Hx, no set concentrations could be related to the
sensory evaluation (Table 3). The occurrence of sour off -flavours in aged samples (Table 1)
can thus not be explained solely on the basis of the production of acetic acid. The presence
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and development of acetic acid in cold-smoked salmon has not been reported previously, but
~ development of total volatile acids with storage time in vacuum packed cold-smoked salmon
- has been reported by Declerck (1976). Production of ethanol did not reflect the observed
‘sensory differences between cold-smoked salmon stored at 5 and 10°C (Table 2 and Table
3), which disqualified this compound as quality indicator. Rehbein (1993) found ethanol
useful as indicator of temperature abuse (above 15°C) during storage or handling of cold-
smoked salmon but not as an indicator of quality during storage at chill temperatures (5-8°C).

The TMA values obtained in this study were comparable to values earlier obtained
in storage experiments with cold-smoked salmon, where practically all trimethylamine oxide
(TMAO) was degraded to TMA during storage at 5°C for 35 days (Personal communication,
'V. F. Jeppesen, 1994). However the suitability of TMA as quality indicator is questionable
‘because of the small and inconsequential differences between concentrations in borderline and
spoiled samples (Table 3). This may be related to the fact that the TMAO content in Salmo
salar is variable and relatively low with a reported range of 24 mg TMAO-N/100g + 10 mg
TMAO-N/100 g (Hebard et al., 1982). , ,

The chemical parameters including the organic acids (lactic, formic, fumaric and
acetic acid), TMA and ethanol were all chosen as potential chemical indicators on the basis
-of their characteristics as end products of various microbiological metabolisms e.g. mixed
- acid fermentation (organic acids and ethanol) and anaerobic respiration (TMA) (Gottschalk,
1986). The breakdown of ATP is thought to be autolytic (Ehira & Uchiyama, 1986) apart
from the degradation of Ino to Hx, which has been proven also to be related to growth of
microorganisms (Ravn Jorgensen et al., 1988; Surette et al., 1988; Dalgaard et al., 1993).

It has been tempting to assume that the tested potential quality indicators are of
bacterial origin. However, the differences in sensory acceptability cannot be explained by the
numbers of microorganisms. This could be an indication that the spoilage is due to autolytic
- changes or, more likely, that changes in the composition and metabolism of the microflora
were not reflected by the microbiological methods used in this experiment. This is supported
by studies in fresh fish showing that autolysis rarely causes true spoilage off-flavours and off-
odours (Herbert et al., 1971; Dalgaard et al., 1993). |

Lactic acid bacteria dominated the microflora throughout the stdrage period (Figs.
1a-b), and they appeared to be the only potential spoilage organisms on the product. Certain
groups of lactic acid bacteria have been associated with spoilage of lightly preserved
proteinaceous foods (von Holy et al., 1991; Mékeld et al., 1992; Borch & Agerhem, 1992)

The lactic acid bacteria group is known to produce organic acids and ethanol as
typical fermentation end products (Gottschalk, 1986). There are no reported observations in
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the literature on the lactic acid bacteria’s ability to produce hypoxanthine or TMA, but our
unpublished preliminary model experiments have shown that lactic acid bacteria isolated from
spoiled cold-smoked salmon are capable of producing Hx but not TMA in sterile fish extracts.
A possible explanation for the similarity in development of lactic acid bacteria among all
treatments, may be a shift in the composition of the lactic acid bacteria group during storage
from harmless to spoiling species as has been reported by von Holy ef al. (1991). - -
The low numbers of tentative Enterobacteriaceae appeared unrelated to treatments
and quality of cold-smoked salmon, and typically decreased with storage time (Figs. la-b).
- The reason for this decrease in tentative Enterobacteriaceae is unknown, but may be caused
by microbial interactions. Though this group of Gram negatives are known to produce TMA
from TMAO, their numbers hardly explain the production (Strem & Larsen, 1979, Dalgaard
et al., 1993). This suggests the occurrence of organisms not detected by the microbiological
- methods used in this experiment.. ... - : L
In conclusion, spoilage and shelf life of cold-smoked salmon were found to be related
to salt levels and storage temperatures and this relationship was best described by the
development of the chemical compounds: Hx, acetic acid and TMA. Hx was found to be
superior as an indicator of quality, because a clear relation to the sensory evaluation could
be established. The role of the observed microflora in spoilage of cold-smoked salmon was
- unclear, but apart from textural changes the off-flavours and off-odours were typical of
microbiological activity. Future work will concentrate on the role of the microflora in
spoilage of the product and identification of the specific spoilage organism(s).
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Abstract.

The relative importance of autolysis and microbiological activity on spoilage of cold-
Smoked “salmon and the origin of the chemical compounds hypoxanthine, acetic acid,
trimethylamine and total volatile bases was studied in a storage experiment of dry salted and
injection brined, vacuum packed salmon with normal and reduced loads of microorganisms.

Cohiparative studies of cold-smoked salmon with a reduced and normal load of
microorganisms showed that microbiological activity caused production of the characteristic
spoilage odours and flavours, while the autolytlc enzymes from the fish tissue had major
impact on the textural deterioration.

Total volatile bases and hypoxanthine were produced in significantly higher levels in
salmon with a normal bacterial load. Sixty-eight % of the hypoxanthine found in stored
samples originated from microbiological conversion of inosine to hypoxanthine. The
concentration of acetic acid only increased in samples with a normal load. At the onset of
spoilage the microflora in dry salted salmon was dominated by marine vibrio in contrast to
the injection brined product where a mixture of Enterobacteriaceae and lactic acid bacteria
were prevalent. The different ratios of hypoxanthine produced to trimethylamine also
suggested that spoilage of salmon salted by the two methods was caused by different

microorganisms

Keywords: Cold-smoked salmon, spoilage, microbiology, autolysis, sterile.
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Introduction.

Storage of vacuum packed cold-smoked salmon at chill temperatures results in
development of a large microflora often reaching levels of 107-10® cfu/g. This
mlcroblologlcal development does not necessarily coincide with onset of spoﬂage and no
relation has thus been found between the total number of microorganisms, Sensory quahty
and shelf life (Gibson & Ogden, 1987; Hildebrandt & Erol, 1988; Jakobsen et al., 1988;
T ruelstrup"Hansen et al., 1995a). Although the characteristic spoilage off-flavours and off-
odours are typlcal of mlcroblologlcal activity, the role of the microflora in spoﬂage of the
product remains to be determined.

The importance of autolytic enzymes in quality changes of cold-smoked salmon is
unknown. The temperature never exceeds 28°C during the cold-smoking process and there
is therefore no heat-inactivation of native enzymes in the salmon tissue. = Among several
quality indicators tested including ethanol, trimethylamine, organic acids and adenosine
nucleotides, hypoxanthine and to some extent, acetic acid have been found suitable for cold-
- smoked salmon (Truelstrup Hansen et al., 1995a) Although the mode of quallty
“deterioration is not well established, it is assumed to be mlcroblologlcal

The objectives of this work were to evaluate the relative importance of autolytic and

microbiological processes during chill storage of vacuum packed cold-smoked salmon and
to establish the origin of the following chemical quality indicators: hypoxanthine, acetic acid,
trimethylamine and total volatile bases. In addition, two different methods of salt application
were tested (dry salting and injection brining) for their effect on spoilage characteristics of
~—the product. - - - -+

Materials and methods.
- Salmon.

Freshly slaughtered and gutted salmon (Salmo salar) were obtained from a salmon
farm in Alesund, Norway. The salmon were shipped (16 h) in Styrofoam shipping boxes
packed with ice on a refrigerated truck (temperatures < 2°C) to the smokehouse in Skagen,
Denmark. The fish arrived to the smokehouse 3 days after slaughter and were stored on ice
at 0 to 2°C for 2 days before processing. '

The salmon was randomly separated into two groups, and one group was filleted by
machine according to smokehouse’s standard procedure. The other group was filleted
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manually with knives and cutting boards sanitised in ethanol (70% v/v) to decrease the initial
microbial load on the fillets. One half of the salmon from the filleting procedures were dry
-salted by applying crystalline salt on the meat side of fillets. The salt was left on the fish
for 3 h to equilibrate and then removed with tap water. The other half of the salmon fillets
were salted by either automatic injection brining (23 % salt w/v) for machine filleted salmon
or by manual injection by applying heat-sterilised brine (23% w/v) with sterile syringes
(manually filleted salmon). Salmon from both salting methods were left for 14-18 h at 2°C
before being dried (2 h at 24°C, rh 50%) and cold-smoked (4 h, 18°C, rh 60%) according
to the smokehouse’s normal procedure. The smoked fillets were chilled immediately after
smoking to 5°C. Salmon produced with a reduced load of microorganisms were aseptically
cut into muscle blocks without skin of approximately 150 g each. Muscle blocks of the same
specifications were also cut from salmon with a normal load of microorganisms but under
normal good manufacturing practices. Each muscle block was divided into two halves
aseptically and the pair was then vacuum packed separately in a high barrier material
(Riloten/x 40/50 Conovac from Otto Nielsen Emballage A/S, Lyngby, Denmark.
Permeabilities for O, - 1.0 cm®*/m? and CO, - 4.0 cm®/m? in 24 h, 1 atm. at 23°C, 95% rh)
and stored at -30°C for 3 days.

Storage and sampling.

At the beginning of the storage experiment the vacuum packs from the four treatments
(see Table 1) were thawed and then stored at 5°C. Three paired vacuum packs from the
treatments with normal loads of microorganisms and 5 pairs from treatments with reduced
loads of microorganisms were sampled randomly every 7th day during the storage period and
used for the chemical, microbiological and sensory analyses. One vacuum pack from each
pair was used for microbiological analysis, while the other was used for chemical and
sensory analysis. Salt and moisture determinations were performed on 9 packs and 15 packs
from the treatment with normal and reduced loads of microorganisms, respectively.

Sensory evaluation.
Sensory evaluation was carried out with 5-6 semi-trained judges presented with a
pooled sample from each code for the overall acceptability with regard to taste and texture

and disregarding salty and smoky flavours. The judges were also presented with freshly
thawed samples (from storage at -30°C) of injection brined and dry salted cold-smoked
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salmon from the same production batch. These samples served as references. A hedonic
smiley scale with 5 "faces" was used (modified after Fletcher et al., 1990) and later
translated into numerical scores 1-5, where 1 and 5 were considered lowest and highest,
respectively;' 3 was considered the borderline of acceptability. The judges were also asked
~ to comment on odour, texture, appearance and taste. On each sampling day, the effects of
judges and treatment were evaluated-by‘ analysis of variance (ANOVA). Sample treatments
receiving scores > 3 by = 50% of the judges were considered acceptable, sample codes
obtaining scores of 3 at the borderline for acceptability and scores < 3 unacceptable and
rejected. The minimum shelf life for a treatment was defined as the last sampling day where
the sample code received a score of 3 or above.

Microbiological analysis.

Salmon samples were homogenised in Peptone Saline (PS, 0.9% (w/v) NaCl and
0.1% (w/v) Bacto Peptone, Difco) for 30 s in a Stomacher 400 Lab Blender (A. J. Seward,
Bury, St. Edmunds, U. K.). Total viable counts (TVC) were performed in pour plates with
Tryptic Soy Agar (TSA, Merck Darmstadt, Germany). Total psychrotrophic counts (TPC)
were done using the spread plate method on TSA. Enterobacteriaceae were enumerated on
pour plates prepared with Violet Red Bile Glucose agar (VRBG, Oxoid CM485, Unipath
Ltd., Basingstoke, Hampshire, England) and bottom layer of TSA. Lactic acid bacteria were
counted on pour plates in Nitrite Actidion Polymyxin agar (NAP) modified after the original
recipe by Davidson & Cronin (1973) with pH 6.7 instead of 5.5 (Truelstrup Hansen et al.,
1995a). For specific counts of Brochothrix thermosphacta, spread plates were prepared with
' 'Strepfé'r'ri}fc':iﬁ “Thallous™ Acetate “agar (STAA, Oxoid CM881-& SR151) as-described- by
Gardner (1966). Pour plates in Oxytetracycline Gentamycine Yeast Extract agar (OGYE,
Oxoid CM545 & SR121) were performed for counts of yeasts and moulds. All agar plates
were ‘incubated aerobically at 21°C except for TPC, which was incubated at 10°C. . VRBG
plates were incubated-for-2-days: - TVC; NAP-&-STAA-plates were- -incubated»v.for...'.34.,dayis. :
TPC & OGYE plates were incubated for days, after which either all colonies (TVC & TPC)
or typical colonies (VRBG, NAP, STAA & OGYE) were counted. Tentative identity of
colonies was confirmed by phase contrast microscopy and colonies from STAA and NAP

were also checked for their catalase reaction.
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Tentative identity of isolated microorganisms.

During storage, representative colonies from all media were selected and grown in
Brain Heart Infusion broth (BHI) at 25°C, streaked out on TSA and identified tentatively
using the following criteria: Gram-reaction by the KOH method (Gregersen, 1978),
cytochrome oxidase by Bactident” Oxidase strips (Merck) and catalase by the 3% H,0,
method. Shape, size and motility of strains grown in Brain Heart Infusion broth (BHI) for
24 h at 25°C or in BHI for 24 h at 15°C (large cells) were examined by phase contrast
microscopy. Glucose metabolism was tested using the Oxidative/Fermentative test (O/F-test)
of Hugh & Leifson (1953) incubated at 25°C. Large (3-5 um) cells often appearing as pairs
of oval to kidney shaped cells, were tested in O/F media containing 3.5% NaCl incubated
at 15°C, as they would not grow in the standard O/F media containing 0.5% NaCl.
Eighteen of these large cells isolated from throughout the storage period were further tested
for their sensitivity to Vibriostaticum (150 ug O/129 discs, Rosco A/S, Taastrup, Denmark)
on TSA and their ability to bioluminesce (Bauman & Bauman, 1984; Dalgaard, 1995).
Tentative identification of strains was based on their phenotypical characteristics (Dainty er
al., 1979; Lee et al., 1979; Dalgaard, 1995).

Chemical analysis.
Nucleotides.

‘Perchloric acid (PCA) extracts of salmon were prepared as decribed by Truelstrup
Hansen et al. (1995a) and the neutralised extract was stored at -30°C until the analysis was
performed. The HPLC method of Murray et al. (1985) was used to analyze the nucleotide

catabolites using external standards from Sigma (St. Louis MO, USA) to quantify and
identify unknowns. ‘

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

Conway and Byrne’s (1933) microdiffusion method was performed on PCA extracts
neutralised just before analysis.

81




Organic acids and glucose.

Organic acids and glucose were analyzed by HPLC on a BioRad HPX-87H Organic
Acid column (300 x 7.8mm) (BioRad, Hercules, CA, USA). All analyses were performed
on neutralised, filtered PCA extracts. Experimental conditions were: flow rate, 0.6 ml/min;
eluent, 0.008 M H,SO,; run time, 30 min; injection volume, 40 le‘-; column temperature,
50°C; UV detection at 210 nm. - Identification and external quantification was done on the
basis of relative retention times of authentic standards. For lactate and acetate, the results
from the HPLC method were verified by analysis of selected samples using the respective
enzyme kits from Boehringer Mannheim (Germany).

Salt and moisture content.

Salt content was analyzed in homogenates using the modified method of Schroeder-
Hellich (Nordlab, 1994). The method is based on a AgNO, titration of CI' and results are
expressed as % NaCl in water phase of salmon. Moisture content was determined by oven
drying 2 g salmon at 105°C for 20-24 h (until constant weight was obtained).

Statistical analyses.

The effects of the treatments and storage time on quality of cold-smoked salmon as
measured by the chemical quality indices were analyzed by a trend comparison procedure
based on orthogonal polynomial contrasts with equal intervals and missing observations
(Gomez & Gomez, 1984). The linear contrast for each treatment and for-the effect of storage
time also the ‘quadratic and cubic contrasts and: their interactions were analyzed for

significance by forward stepwise multiple regression using STATGRAPHICS ver. 4.0 (1989).
Linear regression equations were analyzed by testing for the homogeneity of the slopes
(Gomez & Gomez, 1984). -

Results.
Salt levels obtained in the salmon from the four treatments ranged from 3.6 to 4.4%
in the water phase (Table 1). The standard deviations were larger in the dry salted samples.

The dry matter content ranged between 34.8 and 40.3% and injection brined salmon with a
normal load of microorganisms had the lowest level of dry matter (Table 1).
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Table 1. Sample treatment and sensory evaluation for cold-smoked salmon.

Treatments (salting method & load ° Salt level Dry matter Day of Com?ariSon of sensory characteristics at day 28 i

of microorganisms) - (% SWP)? (%) rejection oy oo Flavour & Odour

Dry salted & normal load. (DN) 39 +£09 394 +29 21 Soft, sticky | Putrid, astringent, sour, faecal
Dry salted & reduced load (DR) - 4.0 + 0.9 40.3 + 2.4 >28” = Soft, mushy, oily" Slightly bitter, neutral, bland
Injection brined & normal load (IN) 4.4 + 0.4 348 + 2.6 21 Soft, mushy, creainy Bitter, sour, ammonia fruity,

» _ astringent, sharp
Injection brined & reduced load (IR) 3.6 + 0.5 38.7 + 3.6 >28? Soft, mushy, crumbling  Slightly sour, bitter, neutral

1) % SWP: Salt content in water phase + Standard deviations (n-1); 2) Sample day is still of borderline quality at the last day (28) for sensory
evaluation. _ . - ;




The efforts to produce cold-smoked salmon with a reduced load of microorganisms
using both salting methods gave at least 2 out of 5 vacuum packs at each sampling day
throughout the experiment with less than 10° cfu/g in all microbiological analyses (data not
shown). Only these vacuum packs were used to analyze the effect of the reduced load
treatments. v :

Shelf lives of both dry salted and injection brined cold-smoked salmon with normal
loads were judged to be approximately 2.5 weeks by the sensory panel (Table 1). Amnalysis
of variance showed that the judges agreed on their evaluations. Initial sensory properties
were characteristic of the fresh product. The texture was, however, firmer in the dry salted
products, which may be related to the higher dry matter content. At rejection, the salmon
from both treatments had a soft and mushy texture and bitter, sour (astringent) and putrid off-
flavours. Fruity and ammonia-like off-odours were also observed in injection brined salmon.

Not all vacuum packs from the reduced load treatments contained less than 10° cfu/ g.
Therefore reduced load samples were pre-screened for the presence of microorganisms by
direct microscopy of a 10 dilution and only used for the last taste panel session after 28
days of storage if they appeared to contain low levels of microorganisms. This modified
sensory evaluation scheme showed that salmon containing reduced loads were not spoiled but
of borderline quality, whereas the normal samples were completely spoiled (Table 1). The
judges characterised samples with reduced loads as having soft and mushy texture and
slightly bitter and sour off-flavours (Table 1).

The microflora in dry salted and injection brined salmon with normal loads developed
very differently as shown in Figures 1a-b. The total number of microorganisms in the dry
salted product reached final levels of 107 cfu/g, whereas counts on the injection brined
‘samples reached final levels of 108 cfu/g. TVC, TPC and NAP (lactic acid bacteria) rose
to levels of 5 x 107 cfu/g on injection brined salmon at time of spoilage, while VRBG
(Enterobacteriaceae) counts were slightly lower (Figure 1a). Examination of colonies from
agar plates revealed that the microflora consisted mainly of a mixture of Gram-negatives
(predominantly Enterobacteriaceae) and lactic acid bacteria throughout the storage, with
fewer marine vibrio. TPC counts on dry salted salmon were 2-3 log(cfu/g) higher than all
‘other counts until day 28 (Figure 1b). - Colonies isolated from these TPC agar plates were
tentétiVely identified as marine vibrio or Photobacterium spp., whereas lactic acid bacteria
and Enterobacteriaceae predominated on the last sampling day (35). The Gram-negative
marine vibrio or Photobacterium spp. could in general be described as large (3-5 pum)
coccobacilli with a negative or very slow oxidase reaction. Strains matching this description
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were not isolated from pour plates (TVC), which indicated that these large coccibacilli were
heat labile. Also the strains from TPC were only motile in BHI incubated at 15°C and
would only ferment glucose in H&L medium with 3.5% (w/v) NaCl. Eighteen of these
isolates were tested and found to be sensitive to Vibriostaticum (0/129) and 4 strains
amongst these showed bioluminescence. All strains were tentatively identified as marine
vibrio, possibly Photobacterium phosphoreum. P. Dalgaard -has later confirmed the
identification of 5 of these strains (both bioluminous and non-bioluminous) as Photobacterium
phosphoreum (Personal communication, 1994). Brochothrix thermosphacta were found in
levels 1-4 log(cfu/g) lower than the other microbiological counts in injection brined salmon
but not in the dry salted salmon. Yeasts and moulds were not isolated from any of the
treatments. B. thermosphacta, yeasts and moulds were not considered to be of any
importance for spoilage in this study.
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Figure 2. DeVGIOI-).IhCI-I'lt. of hypoxanthine in injection brined and dry saited cold-smoked
salmon with reduced or normal loads of microorganisms during storage at 5°C.. Error
bars are standard deviations (n-1). :

- -....... The amount of hypoxanthine (Hx) increased with storage time in samples with F‘O_n_]?él .
loads from initial levels of 1-1.4 ymol/g to 4.5 umol/g (Figure 2). In samples with réduécd
loads, the Hx content also increased with time but at a slower rate with initial values ranging
between '1.0-1.3 pmol/g and final values of 2.2° pumol/g (Figure 2). Trend comparison
analysis of the Hx production revealed significant effects of the main factors: reduced/normal
loads, salting method and storage time (linear) and some two-factor interactions (Table 2).
Production of Hx was significantly slower in samples with reduced loads and in normal
samples production
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Table 2. Trend comparison analysis .of the development of hypoxanthine, acetic acid, TVB

and TMA related to microbiological load, salting method and storage time (n = 72).

Dependent variable Independent variable Coefficient F-prob-
‘ ; ability
Hypoxanthine Reduced/Normal 0.557 0.0000
R? = 0.776 Salt 0.188 0.0093
SEV = 0.596 Time(Linear) 0237 0.0000
F-prob. = 0.0000 Reduced/Normal x Salt 0.222 0.0024
Reduced/Normal x Time(Linear) 0.127 0.0000
Constant 2.333
Acetic acid Reduced/Normal 3.195 0.0000
R = 0.909 Salt 1.146 0.0000
SE = 1.912 Time(Linear) 1.037 0.0000
F-prob. = 0.0000 Time(Quadratic) 0.274 0.0000
Reduced/Normal x Time(Linear) 0.911 0.0000
Reduced/Normal x Time(Quadratic) ~ 0.248 0.0000
Salt x Time(Quadratic) -0.244 0.0000
Constant 6.073
TVB Reduced/Normal 4.252 0.0000
R? = 0.814 Salt 1.254 0.0198
SE = 4.448 Time(Linear) 1.933 0.0000
F-prob. = 0.0000  Time(Cubic) 0.218 '~ 0.0263
Reduced/Normal x Salt 2.108 0.0002
Reduced/Normal x Time(Linear) 0.936 0.0000
Salt x Time(Linear) 7 0.750 0.0000
Salt x Time(Quadratic) -0.332 0.0210
Constant 24.763

1) Standard error of estimate.
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of Hx started to increase earlier in the dry salted salmon, but the interactions precluded any
further interpretation (Table 2). ) '
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— 25 |A Dry salted, reduced
<E> m Dry salted, normal
= 20-
- A
‘'S 15-
©
L 10+
]
[+
< 54
0 I 1 t 1 l’ [ i
0 5 10 15 20 25 30 35

Storage Time (days)

Flgure 3. Acetic ac1d content in llljeCtIOIl brined and dry salted cold—smoked salmon with
a reduced or normal load of microorganisms during storage at 5°C. Error bars are
standard deviations (n-1).

Acetic acid was only produced in normal samples, where ‘Concentrations increased
from initial levels of 2-3 pmol/g to final Jevels of 23 urnol/g after 35 days’ of storage (Figure
3). In samples with reduced load, no significant increases were found (Figure 3). Trend
comparison analysis snpported the fact that acetic acid levels started to increase first in dry
salted salmon, and the relationship between acetic acid and storage time was quadratic
(Figure 3 & Table 2) for injection brined samples with normal bacterial loads. However,
after 35 days the levels of acetic acid were the same for both salting methods.

None of the other organic acids (lactic, formic or proplomc) were found to mcrease
systematlcally with storage time (data not shown).

Initial levels of tnrnethylamme—omde mtrogen 15-25 mg TMAO-N/100 g were

: completely converted into tnmethylamme (TMA) by 1 the end of the storage period in normal

samples, whereas there were no increases in the TMA levels in samples with reduced loads
(data not shown). The total volatile bases (TVB) increased from initial values of 9 mg TVB-
N/100 g to final values of 50 mg TVB-N/100 g in normal dry salted salmon whereas in
normal injection brined TVB values increased from 18 mg TVB-N/100 g to 40 mg TVB-
N/100 g (Figure 4). The TVB values in samples with reduced loads from both salt
treatments only reached final levels of 25 mg TVB-N/100 g (Figure 4). Trend comparison
analysis showed that 81% of the variation in TVB content could be explained by the
experimental factors: microbiological load, salting method, time (linear and cubic) and some
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‘Figure 4. Development of total volatile bases (TVB) during storage at 5°C in cold-
smoked salmon with normal and reduced loads of microorganisms. Error bars are
standard deviations (n-1).

two factor interactions (Table 2) Only 70 % of the variation in the TMA content was
explamed by the main experimental factors (data not shown)

< — 0.66 Hx/TMA, r=0.92
® — 0.36 Hx/TMA, r=0.98
B m — 0.22 Hx/TMA, r=0.94 |

Hypoxanthine {umol/g)

O = N WhHAUuwo-NO®wO o

o ' 5" . 10 ' 15 20
TMA (umol/g)

Figure 5. Relation between hypoxanthine and trimethylamine in cold-smoked salmon
<, Brined and sliced (4.6% NaCl); @ , Dry salted (3.9% NaCl); B , Injection brmed
“4. 4% N aCl) r, Correlatlon coefficient.

Production of ‘Hx was correlated with the production of TMA in normal samples (r
> v0.9). ‘However, the ratio of Hx/TMA varied from 0.36 pmol Hx/TMA for dry salted to
0.22 pmol Hx/TMA for injection brined (Figure 5). In a previous study a ratio of 0.66 ymol
Hx/TMA was obtained in brined and sliced cold-smoked salmon with 4.6% salt stored at 5°C
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(Truelstrup Hansen et al., 1995a, Fig. 5). The significantly (P < 0.001) different chemical
patterns also suggested presence of different microfiora on the products, and in fact, this
difference may explain the long shelf-life of 7-8 weeks found in the latter study.

Discussion.

Salmon with normal bacterial loads developed offensive off-flavours and odours,
which limited the shelf life to approximately 2.5 weeks (Table 1). In contrast, removal or
reduction of the microflora resulted in only neutral to slightly sour and bitter flavours being
produced after 28 days’ storage, suggesting that production of the characteristic spoilage off-
odours and off-flavours observed in cold-smoked salmon (Cann et al., 1984; Hildebrandt &
Erol, 1988; Jakobsen et al., 1988; Truelstrup Hansen et al., 1995a) were caused by
" microbiological activity. Absence of off-odours were also observed during prolonged storage
(up to 24 weeks) of sterile muscle blocks of cod under aerobic and anaerobic conditions at
- 0-2°C (Herbert ez al., 1971; Dalgaard et al., 1993). On the other hand Fletcher and Statham
(1988) found the spoilage charactenst1cs to be identical regardless of the mlcroblologlcal load
during storage of yellow-eyed mullet, when they compared sterile and normal fish. The
relative importance of microbiological and autolytic activities on development of spoilage
must therefore be dependent upon the fish species.

In contrast, samples with reduced and normal bacterial loads were judged to soften
to the same degree during 28 days of storage (Table 1), indicating that textural changes were
mainly due to. autolysis. Herbert ez al. (1971) also suggested that textural deterioration of
sterile cod was due to autolysis. Muscle tissue softening in fish has been connected with
activity of different cathepsins and though increasing salt concentrations reduce the catheptic
activity (Reddi et al., 1972), they are still active at salt levels relevant to smoked salmon
(Makinodan ef al., 1991). | o

Marine vibrio dominated at the onset of spo11age (day 21) in normal dry salted
* salmon, while injection brined salnion was found to support growth of a-mixture of lactic -
acid bacteria and Enterobactenaceae Marine vibrio including Photobacterium phosphoreum
have been found on vacuum packed and 11ght1y salted matJes herrmg by van Spreekens
(1987), and Photobacterium phosphoreum has been held respons1b1e for sour, TMA and
ammonia-like spoilage odours in fresh cod packed in vacuum and modified atmospheres
. ,,(Dalgaard etal., 1993; Dalgaard 1995) | Itis likely that these potenti'al spoilage organisms
have been overlooked in the past due to their heat labile. nature and lack of specific detect1on
methods. Injection brmed salmon tasted and smelled different than the dry salted product

90



suggesting a different bacterial flora causing spoilage. Previous studies of vacuum packed,
sliced cold-smoked salmon suggested the importance of lactic acid bacteria in spoilage
(Schneider & Hildebrandt, 1984; Jakobsen et al., 1988; Truelstrup Hansen et al., 1995a).
The present study shows not only the importance of Enterobacteriaceae and marine vibrio
but also the variability of the spoilage pattern as being dependant on the production method.
Recent work in our laboratory (unpublished work) shows that there is considerable variation
in the cold-smoked salmon microflora among different smokehouses and production batches
from the same smokehouses.

Levels of Hx, acetic acid and TVB increased in normal samples between 14 days and

21 days of storage and this increase coincided with rejection by the sensory panel and thereby
suggested a possible connection to the growth of spoilage organismé (Figures 2, 3 & 4).
After storage for 35 days, the molar ratio of Hx found in normal and reduced load samples
were about 2.3:1, which suggested that about 68 % of Hx found in this product originated
from microbiological activity. Fletcher & Statham (1988) and Surette et al. (1988) observed
a delayed production of Hx in chill stored sterile fish samples and concluded microorganisms
to be responsible for part of the Hx production. Several bacteria including Shewanella
putrefaciens, Proteus vulgaris and other Enterobacteriaceae, Photobacterium phosphoreum
and some lactic acid bacteria have been found to convert inosine into Hx (Gram, 1989;
Surrette et al., 1990; own unpublished work) and this property seems to be widespread
amongst bacteria found on fish products. _
v Acetic acid was only produced in normal samples (Figure 3) and autolytic enzymes
therefore produced no acetic acid. Acetic acid is a common metabolite for a number of
bacteria, such as lactic acid bacteria (Axelsson, 1993), Enterobacteriaceae (Gottschalk, 1986)
and Photobacterium phosphoreum (Baumann & Baumann, 1984). The slight increase in TVB
in samples with reduced loads may origin from autolytic deamination of free amino acids
produced by proteolysis and degradation of nucleotides, while the larger increase in TVB in
normal samples was most likely caused by a combination of microbiological and autolytic
deamination of amino acids and the complete reduction of TMAO to TMA.

By using the same reasoning as Dalgaard et al. (1993), it could be shown how
spoilage of normal salmon from the two salting methods must have been caused by different
organisms, as the ratios of Hx produced to TMA were significantly different (Figure 5).
Also, the ratios of Hx and TMA obtained in this study were significantly lower than the ratio
found for sliced cold-smoked salmon in a previous experiment. Lactic acid bacteria seemed
to dominate the microflora completely in the latter experiment (Truelstrup Hansen et al.,
1995) but preliminary experiments in our laboratory have shown that lactics produce Hx but
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not TMA. The variability found in the microflora as affected by the production method,
initial microflora and processing environment, makes it difficult to use set levels of chemical
compounds like Hx, acetic acid and TVB as reliable indicators of quality, because different
organisms produce such indicators at different rates.

In conclusion, spoilage off-flavours and off-odours characteristic for cold-smoked
salmon was found only in samples with high bacterial loads indicating the relative importance
of spoilage organisms in product shelf-life. The development of Hx, acetic acid, TMA and
TVB was also related to growth and activity of microorganisms. However, activity of
autolytic enzymes were found to have major impact on the textural quality of cold-smoked
salmon during the early stages of deterioration but did not produce the characteristic spoilage
off-odours and off-flavours. Autolytic degradation of the muscle tissue can therefore
ultimately limit the shelf life and may lead to the early downgrading of product quality when
the numbers of spoilage organisms are relatively low. Future work will concentrate on
characterization of the microflora on spoiled cold-smoked salmon-and the influence. of the

production environment.
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Abstract.

The microflora on spoiled, sliced, vacuum packed, cold-smoked salmon from 3
smokehouses were quantified and characterised in two independent experiments. Tentative
identification of the isolated bacteria indicated large variations in the microflora both within

" (i. e. among vacuum packs from the same batch) and among the smokehouses. Lactic acid

bacteria dominated the microflora, which reached 107 cfu/g. In one experiment high
numbers of Enterobacteriaceae were also present. The numbers of microorganisms were not
related to quality, though spoilage characteristics were typical for microbiological spoilage.
Amongst the lactic acid bacteria, Lactobacillus curvatus (ca. 55%) was the most common
species in both experiments with Lactobacillus saké/bavaricus, Lactobacillus plantarum,
Camnobacterium spp. and Leuconostoc spp. present in smaller numbers. Tentatively
identified species among the Enterobacteriaceae were Serratia liquefaciens, Enterobacter
agglomerans and Hafnia alvei. The microflora on cold-smoked salmon seemed to be related
to the source of contamination i.e. the smokehouse or the raw material.

Keywords: Cold-smoked salmon, microbiology, lactic acid bacteria, Enterobacteriaceae.
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Introduction.

Cold-smoked salmon is a lightly preserved fish product, which undergoes a mild salt
cure followed by cold-smoking at temperatures below 28°C. In Denmark, Germany and
other European countries the vast majority of this product is sold as a sliced, vacuum packed,
ready-to-eat product to be stored at temperatures between 3-8°C. Freshly backed smoked
salmon is not sterile and will ultimately spoil due to microbiological activity when stored at
chill temperatures (Truelstrup Hansen ez al., 1995b). Basic knowledge about the product’s
microflora can help cold-smoked salmon producers in their optimisation of daily production
routines and in relation to demands from customers and public authorities.

A number of different bacteria including lactics, Brochothrix thermosphacta,
Enterobacteriaceae (Cann et al., 1984; Schneider & Hildebrandt, 1984; Truelstrup Hansen
et al., 19952 & 1995b) and marine vibrios including Photobacterium phosphoreum
(Truelstrup Hansen et al., 1995b) and occasionally yeast have been found to develop during
storage. Lactic acid bacteria appear to be the predominant group of microorganisms, but
their role on the quality deterioration of cold-smoked salmon is unknown. Also, the
microflora on cold-smoked salmon have been shown to vary among different smokehouses
(Truelstrup Hansen et al., 1995d). Variability in the composition of the microflora at time
of spoilage makes it difficult to identify which organisms are responsible for spoilage.

The purpose of the present study was to characterise and tentatively identify the
microflora on spoiled cold-smoked salmon from 3 different smokehouses using a combination
of several agar substrates, and biochemical tests on the subsequently isolated mic_r_oorganisrns.
Two independent experiments were performed and the micfoorganisms,,were separated__info
subgroups for the purpose of analyzing the variations in the microflora within zind among the
smokehouses. In the second experiment the subgrouping was based on nuinerical

taxonomical methods.
Materials and methods.

Two sets of storage experiments were conducted, where the microflora on spoiled
cold-smoked salmon (Salmo salar) was quantified and microorganisms isolated. In the first

experiment cold-smoked salmon were stored until spoiled and then analyzed. In the second
experiment, the microflora were continuously monitored throughout storage and spoilage
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‘1) Screening of microorganisms on spoiled cold-smoked salmon.

Salmon and storage.

Cold-smoked salmon from plant No. 1 was produced from fresh Norwegian farmed
salmon, never frozen and stored at 5°C immediately after slicing and vacuum packing in a
barrier material (Walkiter x 60E: PET 12/PVDC/PE 60, permeability for O, 8 cm®*/m? x 24
and for CO, 40 cm*/m? x 24 h at 23°C, rh 50%, Walki-Pak, Finland). Sliced, vacuum
packed salmon produced from Nomegim farmed salmon by plant No. .2 was frozen
immediately after production and stored at -28°C for 4 to 5 months prior to thawing and chill
storage, a practice commonly used in the industry. The fish were packed in a barrier
material (S Vac PETX/PE 15/70, permeability for O, 10 cm*/m* x 24 h and for CO, 30
cm®/m? x 24 h at 23°C, rh 60%, Scandiflex AB, Landskrona, Sweden). Cold-smoked
salmon from plants No. 1 and No. 2 were stored for 38 days at 5°C until spoilage off-odours
were obvious. Two vacuum packs (200 g each) from each plant were sampled and analyzed
microbiologically and chemically (salt and dry matter). The two vacuum packs from plant
No. 1 represented the same production batch, where those from plant No. 2 represented two
different production batches produced within a month of one-another using the same quality

raw material, recipe and equipment.

Microbiological analysis.

Microbiological analyses were performed by mixing 10 g salmon sampled from all
parts of vacuum packs to obtain a representative sample with 90 ml Peptone Saline (PS,
0.1% (w/v) Bacto Peptone, Difco, 0.9% NaCl (w/v)) for 30 s in a Stomacher 400 Lab
Blender (A. J. Seward, Bury, St. Edmunds, UK). Appropriate dilutions were plated in pour
~plates with Tryptic Soy agar (TSA, Merck, Darmstadt, Germany) for total viable counts
(TVC), Nitrite Actidion Polymyxin agar (NAP) for lactic acid bacteria (Davidson & Cronin,
1973, pH 6.7 see Truelstrup Hansen et al., 1995a) and in Violet Red Bile Glucose agar
(VRBG, Oxoid CM485, Unipath Ltd., Basingstoke, Hampshire, England) with bottom layer
of TSA for Enterobacteriaceae. For specific counts of B. thermosphacta, spread plates with
Streptomycin Thallium Actidion agar (STAA, Oxoid CM881 & SR151) (Gardner, 1966) were
performed. Pour plates in Oxytetracycline Gentamycin Yeast Extract agar (OGYE, Oxoid
- CM545 & SR121) were prepared for enumeration of yeast and mould. All agar plates were
incubated aerobically at 25°C for 3 days except VRBG (2 days) and OGYE (5 days), after
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which either all colonies (TSA) or typical colonies only (NAP, VRBG, STAA & OGYE)
were counted. Dilutions of samples (10™) and colonies on OGYE were also examined by
phase contrast microscopy.

Isolation of microorganisms.

Based on colony morphology and occurrence, representative colonies were randomly
selected from the highest countable dilutions (10-300 colonies) from all substrates. Approxi-
mately 20 colonies from TSA and NAP and 10 from‘STAA, VRBG and OGYE (or as many
as ‘possible) were isolated from each vacuum pack. Lactic acid bacteria and. B.
thermosphacta were grown in APT broth (Difco) and on APT agar aerobically at 25°C.
Isolates from VRBG and OGYE were grown in Brain Heart Infusion broth (BHI, Difco) and
-TSA under the same conditions. - When necessary . strains would be stored at -80°C in the
freezing media of Gibson & Khoury (1986).

Ch_a;a_cterisation and tentative identification.

Gram-negative and -positive isolates were initially characterised according to the
schemes of Dainty et al. (1979). Lactic acid bacteria (LAB) were further divided into groups
based on criteria recommended by From (1991). Methods used for the basic criteria were:
Gram reaction - 5% KOH-method (Gregersen, 1978), catalase - 3% H,O,, cytochrome
oxidase - dry slides (Difco), form and motility - phase contrast microscopy of broth cultures
(241, 25°C), glucose metabolism - Hugh & Leifson’s medium (1953), trimethylamine-oxide
(TMAO) reduction - media by Gram et al. (1987); H,S-production - stab inoculation in iron
agar (Gram et al., 1987). Enterobacteriaceae were further characterised using the API 20E
system (BioMérieux SA, MEDA, Glostrup, Denmark), respectively. Selected LAB were
further characterised using the following biochemical tests: gas production from glucose. (all
“LAB isolates) in modified-MRS ‘broth-with Durham tubes. (Schillinger & Liicke,.1987a), NH;
production from arginine in modified MRS broth with 0.05% (w/v) glucose (Schillinger &
Liicke, 1987a), growth on acetate agar (pH 5.6, Leisner et al., 1994), reduction of 0.01%
(w/v) tetrazolium and 0.05% (w/v) potassium tellurite (Wilkinson & Jones, 1977) and
production of acid from the following sugars and alcohol: cellubiose, galactose, lactose,
maltose, mannitol, -melezitosc, Enelibiose, raffinose, rhamnose, ribose, salicin, sucrose,
trehalose and xylose, using the inethbd described by Jeppesen & Huss (1993). All tests were
incubated aerobically at 25°C and repeated on 2 strains. - Selected strains among all LAB
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groups (21 strains), B. thermosphacta (2), Enterobacteriaceae (4) and yeast (2) were
inoculated in salmon juice with 3 % salt and screened for production of off-odours after
anaerobic growth at 15°C for 7 days. The salmon juice was prepared as described by
Dalgaard (1995). One trained judge scored presence or absence of off-odours in comparison
with sterile salmon juice incubated under the same conditions. The judge subsequently
described the off-odours.

Chemical analysis.

Salt analyses were performed using the AOAC (1975) method on salmon
homogenates. Salt content was expressed as % NaCl in water phase.. Dry matter content
were determined: by drying 2 g salmon (4 0.0001 g) at 105°C for 20-24 h (until constant
weight was obtained).

2) Development and characteristics of microflora during storage of cold-smoked salmon.

Salmon.

Sliced, vacuum packed cold-smoked salmon were obtained in portions of 200 g from 3
smokehouses in Denmark and transported to the laboratory. The details of production and
storage can briefly be described as follows:

. a) Plant No. 1. Fresh, farmed salmon (3-4 kg) from Norway was filleted, salt cured
by a combination of injection brining and dry salting and cold-smoked for 5 h at 18-24°C.
The salmon was sliced at -1.5°C and vacuum packed in a barrier material (Walkiter x 60E:
PET 12/PVDC/PE 60, permeability for O, 8 cm*/m? x 24 h and for CO, 40 cm*/m? x 24 h
at 23°C, rh 50% from Walki-Pak, Finland). After production, the fish was stored at -2 to
0°C for 7 days prior to start of the storage experiment. :

b) Plant No. 2. Frozen, farmed salmon was obtained from Chile. The temperature
never exceeded -20°C during transport and storage. After thawing the salmon was filleted,
injection brined, cold-smoked for 5 h at 20-28°C and sliced partially frozen (-12 to -7°C).
The fish was vacuum packed in a barrier material (PETPX 15u/PE 80u SPEC., permeability
for O, 10 cm®/m? x 24 h and for CO, 40 cm®/m? x 24 h at 23°C, 0% rh from Raackman,
Horsens, Denmark). The fish were stored for 19 days at -24°C between smoking and the
storage experiment.

¢) Plant No. 3. Fresh, farmed salmon from the Faroe Islands was filleted, injection
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brined and cold-smoked for 7 h at 20-25°C. After slicing the fish at a temperature of -14°C,
it was packed in a barrier material (CCP 30/PA 30/PE 50 E, permeability for O, 36 cm®*/m?
x 24 h and for CO, 160 cm’/m? x 24 h at 23°C, 50% rh from DTI, Copenhagen, Denmark).
The fish was stored frozen at -24°C for 13 days between smoking and the storage
experiment. "

Storage and sampling.

Before the beginning of the storage experiment, salmon from plants No. 2 and 3 were
‘thawed overnight ‘at 10°C with the temperature in fish never exceeding 5°C. All samples
were transferred to 5.0-5.5°C, and this time was considered to be day O in the storage
experiment. Sets of 3 separate vacuum packs from each plant were regularly withdrawn
throughout the storage period of 35 days (plant No. 2) and 42 days (plants No. 1 and No.
3) and analyzed by sensory panel and microbiologically.

Chemical analyses.

Salt and dry matter content were determined in 9 vacuum packs randomly sampled
from each plant by using the same methods as described above.

Sensory analysis.

Between 8 and 10 trained judges evaluated a pooled sample from each plant, compiled
"By the ‘3 vactiim packs used for microbiological-analyses. Panelists-checked- for overall
acceptability with regard to odour, flavour and texture and disregarding salty and smoky
‘flavours.  The judges were presented with a freshly thawed sample from the same production
batch but stored at -30°C. This sample served as.a standard. A hedonic smiley scale with
5-"faces" -was used as-described by Truelstrup Hansen ez al.- (1995b),-and_a maximum shelf
life for each product was determined. The judges were also asked to comment on odour,
texture and flavour. ' :

Microbiological analyses.

For quantification of the size and composition of the microflora throughout the storage
experiment, the same sampling technique as just described was used. Total viable counts
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(TVC) were performed by pour plate in Iron Agar (IA, Oxoid) with an overlayer of IA and
plates were incubated aerobically for 3 days at 25°C. Total psychrotrophic counts (TPC)
were done using the spread plate method on TSA and plates were incubated at 10°C for 5
days. Enterobacteriaceae counts on VRBG and lactic acid bacteria counts on NAP agar were
performed as described above. In the case of LAB, NAP agar with both the original pH 5.5
(Davidson & Cronin, 1973) and the modified pH 6.7 was used to obtain counts of aciduric
and non-aciduric LAB. The microflora was also evaluated by phase contrast microscopy of
the 10 dilution. ‘

Isolation of microorganisms.

On the day the taste panellists rejected the salmon from the respective plants, 20
colonies were selected with regard to colony morphology and occurrence, from TPC plates
with 20 to- 100 colonies from each of 3 vacuum packs, giving a total of 60 isolates per plant.
Culture in APT broth and APT agar for LAB and BHI and TSA for Gram-negative isolates
as well as maintenance of the isolates was performed as described above.

Characterisation and tentative identification.

The 180 isolates were tentatively identified and characterised as described above except,

. the following tests were not performed on the LAB isolates: reduction of tetrazolium,
potassium tellurite and TMAO, production of H,S (in Iron agar) and off-odours. = The ability
to degrade inosine to hypoxanthine and ribose with subsequent acid production from ribose
was tested by adding 2% (w/v) inosine (Sigma) to the same basic medium used for
carbohydrates and then following the procedure described by Jeppesenv& Huss (1993). API

'20E identification was performed on all Gram-negative isolates. For 3 Grém—negative
Enterobacteriaceae (one from each of the clusters I, IIA and IIB, Table 5) the API 20E
identification was confirmed using the VITEK Gram-negative identification card (GNI) with
31 tests according to the instructions of the manufacturer in the Vitek Senior System
(bioMérieux Vitek Inc., Hazelwood, Missouri, USA) ﬁtted with the Industrial Information
System as ‘identification data base.

Cluster analysis.

Results from the biochemical tests were scored 0 and 1 for negative and positive
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results, respectively. LAB and Enterobacteriaceae were subsequently analyzed separately
for similarities between strains using the Simple Matching coefficient Sgy and clustered on
the basis of the dendrograms constructed with the Unweighed Pair Group Method with
Averages (UPGMA) following the method described by Sneath (1978). The similarity matrix
and dendrograms were computed and constructed using the NT-SYS package (version 1.8,
Exeter Software, Setauket, NY, USA). Five LAB strains and 3 Enterobacteriaceae strains
were tested for all characteristics in duplicate or triplicate to calculated the average
probability of erroneous test results (p;) (Sneath and Johnson, 1972).

The following reference strains donated by V. F. Jeppesen (Dept. of Seafood
Research) were included in the analysis of the LLAB: Pediococcos pentaceus (Pedio-start 40
from Chr. Hansen’s Laboratorium (CHL), Horsholm, Denmark), Carnobacterium divergens
'(MR373 from - AFRC Institute of Food Research (AFRC), Bristol Laboratory, UK), 2
* Lactobacillus plantarum (1-PM from Prof. Cherl-Ho-Lee, Korea and L73.from CHL) and
Leuconostoc mesenteroides (MR327 from AFRC). Also, a strain from the screening
experiment (from group A, 1T18, see Table 2) was included.

Results.

Screening of microorganisms on spoiled cold-smoked salmon.

The microflora on cold-smoked salmon stored for 38 days at 5°C was dominated by
lactic acid bacteria (LAB) in all vacuum p}acks from both plants (Table 1). Phase contrast
microSCOPy of 10" dilutions showed presence of small non-motile rods, which supported
" results from the plate counts. The total fumbers of bacteria on TSA and NAP reached1:2 -

5.1 x 107 cfu/g and yeast were present at levels of 2.1 - 4.3 x 10° cfu/ g in all vacuum
packs. B. bthe'nnosphacta’ and Enterobacteriaceae were found on 3 of 4 vacuum packs in
"levels of 1.6 - 4.8'x 10* cfu/g and of 3.9 x 10*to 10° cfu/g, respectively. Vacuum packs
“from the saffié plétit Were similar with regard to-TSA; NAP and OGYE counts; but not with

regard to STAA and VRBG counts (Table 1).

' A total number of 238 microorganisms were isolated from spoiled cold-smoked
salmon and tentatively characterised (Table 1). Amongst those were 154 LAB, of which 149
strains were homofermentative and only 5 heterofermentative. Twenty-nine out of 30
isolates from STAA were tentatively identified as catalase-positive, non-motile B.
thermosphacta. One isolate from STAA was identified as a homofermentative LAB.
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Téble 1. Composition of the microﬂora on spoiled vacuum packed sliced cold-smoked salmon from 2 smokehouses stored for 38 days at 5°C.
(A total number of 238 microorganisms were characterised) '

Source Saltin  Dry TSA NAP STAA VRBG OGYE .
, water matter Total viable count Lactic acid bacteria B. thermosphacta Enterobacteriaceae Yeast & mould
phase (%) (TVC) (LLAB)
(%) .
Log® Isolates Log Isolates Log Isolates Log Isolatesf Log Isolates
Plant 1, 12 44 334 7.31 19 homof. 7.30 20 homof. 4.20 9 B. thermos- <3 None 3.38 10 yeasts
LABY, 1 hete- LAB phacta, 1 homof.
rof. LAB® LAB :
Plant 1,22 5.0 33.5 7.60 20 homof. LAB  7.71 20 homof. 4.33 10 B. thermos- 4.90 8 Serratia spp. 3.32 10 yeasts
LAB phacta
Plant 2, 37 5.9 35.7 7.61 20 homof. LAB  7.08 12 homof. 4.68 10 B. thermos- 3.00 4 Serratia spp.  3.66 10 yeasts
. LAB phacta
Plant 2, 4P 5.1 31.0 7.57 14 homof. LAB, 7.41 23 homof. = <2 None 5.00 3 Serratia spp. 3.63 10 yeasts
4 heterof. LAB LAB

a) Vacuum packs from the same production batch; b) Vacuum packs from two different production batches; c) Log,(cfu/g); d) homof. LAB -
homofermentative lactic acid bacteria; e) heterof. LAB - heterofermentative lactic acid bacteria; f) Results from API 20E identifications.




Table 2. Characteristics and tentative identity of 36 out of 154 lactic acid bacteria (23% of total) isolated from spoiled sliced, vacuum packed
cold-smoked salmon after storage for:38 days at 5°C.

Characteristics® Numbers of positive strains
Dh Shidbaviricus® _ Lh cumvatis _ Lhcnvatss  Desen covnbsum _ Chmmobacierium spp. 5o crvans (PO

Gas from glucose 0 0 4 0 0 0
Arginine (0.05% glucose) 1 0 3 0 0
Acetate agar (growth) : 10 12 3 3 (weak) 0 3 1
Tetrazolium (reduction) 0 .0 0 0 1 0 0
Tellurite (reduction) o100 1 3 3 3 3 0
H,S . o , .3 0 0o | 0 2 0 0
Cellubiose -9 'j 11 3 ; 4 1 0 0
Galactose 10 5 11 3 ! 0 3 3 0
Lactose 0 _ 1 3 0 2 3 0
Maltose | T 12 3 1 3 3 1
Mannitol 0 , 0 0 0 0 0
Melibiose ‘ o 10 " 0 0 0 0 0 0
Ribose © 10 12 3 1 3 3 1
Salicin ; , 9 1 3 0 3 0 0
Sucrose A 10 3 2 4 3 0 0
Trehalose 10 12 3 4 3 3 0
Xylose v o 0 0 3 -0 0 0 0
Off-odours in fish jﬁice .' ’ SIS Vi 1/5 03 .- . 23 33 0/2 noo-
Percentage of isolatesd ‘ - 30.2 36.3 9.1 ! 3.3 : 9.1 9.1 3.0
Origin® ~ Plant No. 1 1(6), 2 (1) 13),2(2) 2y 1) 2 (2) 1(1) 2 (1)

'Plant No. 2~ | 43) - - 30),42) 32 4(3) 3 4(2) -

a) All strains were ;Gram'-positive rods, noh-i'notile, catalase negative, fermented glucose and prodﬁced no acid from melezitose, raffinose and rhamnose; b) Phenotypic group,
number of strains and tentative identity; c) One positive strain of 5 tested; d) Calculated group percentage of 154 isolates; €) Origin of isolates: 1.+ vacuum pack (see Table
2), (6) - number of strains from vacuum pack identified to phenotypic group.




All 15 isolates from VRBG were tentatively identified as Serratia spp., more
specifically as Serratia marcescens or Serratia liquefaciens. However, VRBG is not strictly
selective for Enterobacteriaceae as also reported by Cyzeska et al. (1981) and the results
from VRBG should probably be expressed as Gram-negative count instead of
Enterobacteriaceae count. Only yeast and no mould was found on spoiled cold-smoked
salmon. None of the Gram-negative, B. thermosphacta or yeast strains gave positive
reactions for TMA or H,S-production, but all fermented glucose (data not shown). B.
thermosphacta strains produced burnt and malty off-odours when grown in salmon juice,
where all -the Serratia spp. produced faecal, acidic, pungent and nauseous off-odours
resembling those found on spoiled cold-smoked salmon (data not shown). - One of the yeast

- strains produced faecal and nauseous off-odours, whereas the other only produced a slightly
aromatic odour: '

Thirty-six strains selected among the initially screened 154 LAB were further
characterised using 20 additional biochemical tests. All isolates could in general be described
as small to coccoid rods occurring in pairs or short chains or occasionally in small irregular
bundles of 6-8 cells. On the basis of their biochemical characteristics the strains could be
divided into 7 groups (Table 2). Strains from 6 groups were tentatively identified according
to keys of Schillinger & Liicke (1987), Collins et al. (1987 & 1993), Doring et al. (1988),
Shaw & Harding (1989) and From (1991). Only one homofermentative strain (group G) did
not resemble any known group or species of LAB (Table 2). The vast majority of isolates
belonged to Lactobacillus saké/bavaricus subgroups (30.2%) in addition to 3 different
subgroups of Lb. curvatus (54.5%). Minor groups were Carnobacterium spp. (9.1%) found
in group E, which were identified on the basis of their fermentation patterns, arginine
metabolism and inability to grow on acetate agar. Only 3.3% of the LAB were obligate
heterofermenters. These strains were identified as Leuconostoc carnosum on the basis of their
weak to no growth on acetate agar, lack of NH; production from arginine and fermentation
pattern (Table 2). These strains were described as small coccoid rods as examined by phase
contrast microscopy, thus supporting the Leuconostoc identity.

Off-odour production among the LAB was not evenly distributed. Among the tentative
Leuc. carnosum sp. (group D) and the Carnobacterium spp. (group E), 5 out of 6 strains
produced off-odours, which were described as fruity, malty, burnt and sweet (nauseous). On
the other hand, only 2 out of 15 tested strains in the Lb. saké/bavaricus/curvatus groups (A,
B, C & F) produced off-odours, which were similar to the off-odours just described.

Analysis of the distribution of different lactic acid bacteria indicated that the
composition of the lactic acid bacteria flora varied between vacuum packs from same
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production batch (plant No. 1) as well as between production batches (plant No. 2, Table 2).
Development and characteristics of the microflora during storage of cold-smoked salmon.

Cold-smoked salmon from the 3 smokehouses contained salt in the range of 4.2 -
5.7% in the;water’phase and dry matter in the range of 30.4 - 36.0% (Table 3). BESa

The taste panellists rejected the salmon after 24, 28 and 42 days of storage from plant
No. 3, No. 2 and No. 1, respectively (Table 3). Spoiled salmon from all plants were
characterised by soft texture, sour and pungent off-odours and off-flavours. Salmon from
plant No. 1 was dominated by fruity off-odours and sweet, nauseous spoilage off-flavours and
salmon from plant No. 2 by faecal, sour and cabbage-like off-odours and pungent, sour, bitter
and rancid off-flavours. Salmon from plant No. 3 differed somewhat by being rejected
partially because of a very penetrating plastic off-flavour and off-odour, which cannot be
considered to be of microbiological origin, in addition to bitter, ammonia, rancid and sweet
off-flavours more typical of microbial spoilage (Table 3).

The size and development of the microflora during the storage period varied among
plants (Figure la-c). The initial number of orgahisms (TVC & TPC) was lower on salmon
from plant No. 1 (10? cfu/g) than on salmon from the other plants (10>-10* cfu/g, Figure 1a-
c). A short lag phase of approximately 7 days was only seen in salmon from plants No. 2
and 3 before growth proceeded towards the ultimate levels of 10°-10% cfu/g for TVC, TPC
and NAP 6.7. Lactic acid bacteria counts on NAP 6.7 were similar to TVC and TPC except
for at the beginning of the
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Table 3. Characteristics of chill stored (5°C) sliced and vacuum packed cold-smoked salmon at the time of rejection by sensory panellists.

Plant Salt in Dry matter Spoilage Spoilage‘character?isticsc - ~ Microbiology (Log;(cfu/g) + standard deviation (n-1))
water (%) (days)P d V —f . h
a Off-odours Off-flavours Texture TVC " TPC® NAP 6.7" NAP 5.58 VRBG
(%) il :
1 4.803) 3530 3542 Fruity, sweet, Neutral, sweet, naus- Soft, mushy, 7.08 (0.8) 7.21 (0.6) 6.95(.4) 6.71 (0.4) 6.78 (1.0)
pungent eous oily S :
2 4.2 (5 30.4(10) 24-28  Faecal, sour, Pungent, sour, bitter, Soft, crum- 7.11 (0.5) 7.07 (03) 7.01(0.3) 6.05(0.1) 6.32(1.0)
cabbage rancid _ bling B ‘ ' ) :
3 5703 36.013) 2124 Pungent, naus- Pungent, bitter, am-  Soft 6.94 (0.5) 6.60 (0.3) 6.74 (0.5) 6.35(0.2) 35.52 (1.6)

eous, rancid monia, sweet, plastic

a) Average of 9 individual vacuum packs and the standard deviation (n-1); b) Last acceptable sampling day and day of rejection; c) Sensory
characteristics at day of rejection; d) TVC - TVC on Iron agar; e) TPC - total psychrotrophic count, TSA surface, 10°C; f) NAP 6.7 - LAB
on NAP with pH 6.7; g) NAP 5.5 - LAB on NAP with pH 5.5; h) VRBG - tentative Enterobacteriaceae counts.
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Figure la-c. Development in microﬂora during storage of sliced,“' vacuum packed —
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storage period (Figure la-c and Table 3). NAP agar with pH lowered to 5.5 supported
growth of fewer (up to 10° cfu/g) LAB than the same agar with pH 6.7, indicating the
presence of non-aciduric LAB. Especially salmon from plant No. 2 contained a substantial
number of such acid sensitive LAB (Figure 1b and Table 3). As can be seen from Figure
' 1a-c the number of organisms counted on VRBG varied somewhat irregularly. Lactic acid
bacteria dominated the microflora on salmon from all plants at the time of spoilage (Table
3). At the same time, the average number of Gram-negatives tended to be only 0.3 -1.0
Logij,(cfu/g) below the LAB but with standard deviations in the range of 1.0 - 1.6
Logm(cfu/ g), and variations among individual vacuum packs were thus relatively large (Table
) Detectlon of H,S-producing bacteria (black colonies) in the Iron agar (IA) was scattered
- and non-systematlc, in that their occurrence was not related to storage time, sensory quality
or specific plants. Also the numbers never reached more than 0.1-1% of the total microflora
‘counted on the IA plates (data not shown). Phase contrast microscopy of the 10" dilutions
of aged simples showed presence of small to coccoid rods and fewer motile rods.
Nineteen to 20 colonies from each vacuum pack and 59 - 60 organisms from each
plant were tentatively identified. All organisms belonged either to the lactic acid bacteria
(74%) or the Enterobacteriaceae (26%) families (Table 5). Further phenotypic
characterisation of the lactic acid bacteria isolates resulted in the formation of 5 clusters using
~ the simple matchmg coefficients (Sgy). The clusters were separated at 80% similarity level
- or lower. Cluster I consisted of 2 sub-clusters (TIA and IB) separated at 85% similarity level
(Table 4). The average probability of erroneous results (p;) was calculated to be 1.1%.
LAB-cluster IA was apparently identical to group B from the screening experiment
(Table 2) and therefore tentatively identified as Lb. curvatus. The Pedioc. pentaceus,
reference strain was phenotypically similar to the isolates in LAB-cluster IA, but the strains.
from salmon were morphologically characteristic by being small to coccoid rods in pairs and
short chains and not resembling the cocci in the tetrades typical for the reference strain and
~ Pediococcus spp. in general (Garv1e 1986). '
The strain (1T18) included from the screening experiment’s group A (Table 2)
grouped with the storage experiment’s LAB-cluster IB (Table 4), and this cluster was
~tentatively identified as Lb. saké/bavaricus. LAB-cluster IB and group A resembled one
another apart from variable acid production from maltose and production of NH, from
arginine. _
LAB-cluster II was characterised by 100% of strains being positive for acid
production from rhamnose and mannitol and only 4% of strains being able to grow on acetate
- agar (Table 4). The cluster consisted of coccoid to slender rods often found in short chains.

107




This homofermentative Lactobacillus cluster did not resemble any groups from the screening
experiment nor any of the reference strains and could not be identified further.

Table 4. Clusters and characteristics of 6 reference strains and 132 lactic acid bacteria
isolated from spoiled, sliced, vacuum packed cold-smoked salmon after storage at 5°C until
rejection by sensory panel. The salmon was produced by 3 different smokehouses.

Characteristics Percentage of positive strains in clusters _
Cluster I (80) Cluster I Cluster II' Cluster IV . Cluster V
TAm® BE X 12 aw ©

Gas 0(—)P 0()E 0 17+ 0=/ 100 (+)f
Arginine (0.05% glucose) 3(+) 25(+) 25 58 (+) 38 (—/—) 0(=)
Acetate 100 (+) 100 (4) 4 0(—) 13 (+/4) 0 ()
" Cellubiose 97 (+) 100 (+) - 75 83 (+) 100 (+/+) 100 (+)
Galactose .. . . . 99.(+) 100 (+) 17 0= 100 (+/4)  17(+)
Lactose. 0= 13(2) 8 8 9A(+HH)  67(+)
Maltose 100 (+) 75 (=) 88 100 (+) 100 (+/+) 100 (4)
Mannitol S 0(=) 0() 100" 1 83(—) 100 (+/4) 17 (+)
Melezitose 0(=) 0() 0 75 (+) 88 (—/+) 0()
Melibiose k 0(—) 100 (+) 0 0(—)  81(—/+) _ 100 (+)
Raffinose 0(—= 0@ 0 0(=)  25(—/4) 100 (+)
Rhamnose - 0(=) 13(—-) 100 0'(—) 6(=—)  0(>)
Ribose 100 (+) 100 (+) 100 100 (+) 100 (+/+) 100 (+)
Salicin 100 (+) 100 (+) 100 100 (+) 100 (+/+) 50 (=)
Sucrose ' 22 (=) 100 (+) 4 100 (+) 100 (+/+) 100 (+)
Trehalose 99 (+) 100 (+) 100 100 (+) 100 (+/4) - 100 (+)
Xylose : 3(-. 0(> .0 0() S0 (—/>) 100 (+)
Inosine (+ ribose) 13 () 0() 46 92 (+) 94 (—/—) 100 (+)
Percentage of all (132) 54.1 6.0 18.1 9.0 12.0 4.5

a) Number of strains in cluster inclusive reference strains; b) Reactions by Pedioc. pentaceus
- reference strain; -¢) Reactions by strain 1T18 (Group A, Table.2); d) .Reactions by Cb. divergens
(MR373); e) Reactions by Lb. plantarum L73 and 1-PM; 6 Reactlons by Leuco. mesenterozdes

(MR327)

" Cb. divergens (MR373) grouped with the lactic acid bacteria belonging to LAB-cluster
III (Table 4). This cluster had a unique inability to grow on acetate agar or to produce acid
from galactose. Almost 60% of the strains produced NH, from arginine, 75% acid from
melezitose and 83% from mannitol. This cluster resembled group E (Table 2).

- Both Lb. plantarum strains (1-PH, Korea & CHL) grouped with LAB-cluster IV.
This cluster was characterised by the wide range of carbohydrates fermented.  This cluster
did not resemble any groups from the screening experiment and within the cluster, salmon
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strains differed from the reference strains by their inability to grow on acetate agar. In spite
of thiS, the cluster was tentatively assigned to the variable Lb. plantarum group.
- All strains in LAB-cluster V produced gas from glucose, acid from melibiose,
raffinose and xylose, while none grew on acetate agar or produced NH, from arginine (Table
4). The Leuc. mesenteroides (MR327) reference strain grouped with this cluster, which then
was tentatively identified as such. This was supported by phase contrast microscopy by
which the LAB-cluster V strains were described as being very coccoid rods.
Conversion of inosine to hypoxanthine and ribose would only be detected if the LAB
was able to produce acid from ribose. All of the isolated LAB were able to ferment ribose
and a total of 52 strains were able to break inosine down and subsequently produce acid from
ribose (Table 4). The majority of the isolates (92-100%) from LAB-clusters ITI, IV and V
possessed this ability, while 46% from cluster II and only 13% from cluster IA were
positive. No strains from cluster IB were able to convert inosine (Table 4).
- Among the 47 isolated Enterobacteriaceae strains, 3 Enterobacteriaceae-clusters could
be formed and the distribution of strains and tentative identities based on the API 20E and
VITEK identification is shown in Table 5. The clusters were separated at 72% level of
similarity for cluster III, 84 % for cluster I and 90% level for sub-clusters IIA & IIB. The
aVerage probability of erroneous results (p;) were calculated to be 2.9%. Forty percent of
the 60 isolates from plant No. 1 belonged to the Enterobacteriaceae, where only 18% and
20% of the isolates from plants No. 2 & 3, respectively, were identified as
Enterobacteriaceae.
The 20 strains .found in cluster I were tentatively identified as Enterobacter
agglomerans by API 20E, which was confirmed by VITEK on one strain (data not shown).
The 13 strains from clusters IIA and IIB were identified as Hafnia alvei and Serratia
liquefaciens, respectively. These were also confirmed by VITEK idéntiﬁcation of two
representative -strains from the clusters (data not shown). Cluster III only contained one
strain, which could not be further identified with the API 20E method.
. InTable 5 the results from the clustering and tentative identification of all 159 strains

are pfesented with emphasis on the origin of strains. All LAB from clusters II, III, IV
originated from plant No. 2. Also, LAB from clusters IA & IB were only found on cold-
smoked salmon from plants No. 1 & 3. The 5 strains in the LAB cluster V all came from
one vacuum pack from plant No. 1. A similar distinct picture was obtained when the

distribution of strains in the Enterobacteriaceae clusters were evaluated.
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Table 5. Composition of the microflora at point of sensory rejection on individual vacuum
packs of sliced, cold-smoked salmon produced by 3-smokehouses and stored-at 5°C.

Bacteria groups? Plant No. 1 Plant No. 2 Plant No. 3 .
Vacuum packs 1 2 3 1 2 3. 1 2 3
No. of lactic acid bacteria (LAB) R 12 10 14 14 20 15 9 20 18
isolates N _ ; ‘
LAB cluster IA Lb. curvatus® 1 10 14 - - - 8 20 18
IB Lb. saké/bavaricus -6 - - - - - 1 - -
Il Lactobacillus spp. - - - 10 9 5 - - -
I Carnobacterium spp. - - - 3 7 1 - - -
IV Lb. plantarum - - - 1 4 9 - - - -
V  Leuc. mesenteroides -5 - - .- e - -
No. of Enterobacteriaceae isolates 8 10 6 6 0 5 - 0 0 2
Ent. cluster 1  Enterobacter 8 -2 5 - 5 . . . -
agglomerans . ’
1A Hafhia alvei -9 4 - L
IIB Serratia liquefaciens - - - 1 - - 10 -2
II1 Enterobacteriaceae - 1 - - - - - - -
spp. :

a) Bacteria groups and clusters according to results from biochemical characterization (18 tests for
lactic acid bacteria and 20 for Enterobacteriaceae) and numerical cluster analysis usmg Sevs b)
Tentative identity.

‘Thus, all Hafnia alvei in cluster TTA came from plant No. 1, and 12 ‘out of 13 Serratia
lzquefaczens strains in cluster 1IB were found on salmon from plant No. 3. Enterobacter
agglomerans from cluster I were isolated on salmon from plants No. 1 & 2. ‘
The intraplant variations (e.g. variations~among vacuum ‘packs from' the 'same
“production batch anid smokehouse) in the composition of the isolates were as-striking as the
differences among the plants. The numbers of Enterobacteriaceae isolated from vacuum
packs from plants No. 2 & 3 varied for example between O and 10, which also was reflected
in the standard deviation on the VRBG counts on the vacuum packs (Table 3). Also, one
vacuum pack from plant No. 1 contained LAB from clusters IB and 5, wh1ch were not found
on the other vacuum packs from the same plant. ‘
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Discussion.

Composition of microflora at time of spoilage.

At the time of spoilage in the screening experiment LAB seemed to dominate with the
occurrence of B. thermosphacta, Enterobacteriaceae and yeast at significantly lower levels
(Table 1). 'LAB were also found to occur in high numbers at spoilage in the storage
experiment, but here the levels of Enterobacteriaceae were similar to those of LAB but
highly variable among vacuum packs (Table 3).- This rather variable picture of the
microflora at the time of spoilage with the LAB representing the vast majority of the isolates
tecovered from TVC/TPC procedures and with Enterobacteriaceae varying from insignificant
levels to comparable levels to those of LAB, has previously been reported (Cann et al.,
| 1984; Schneider & Hildebrandt, 1984; Truelstrup Hansen et al., 1995a, 1995b, 1995d). The
size of the microflora was not related to spoilage and quality and is therefore not
recommended as an indicator of spoilage or quality (Figures la-c).
© Selective agars made it possible to detect the presence of B. thermosphacta and yeast
at levels 10°-10* cfu/g lower than the TVC level. It is unlikely that such low numbers would
have any effect on the quality of cold-smoked salmon in spite of their potential for production
of off-odours when inoculated in salmon juice. The spoilage bacteria Photobacterium
phosphoreum and/or other marine vibrios have previously been found at high levels of 10°-
107 cfu/ g on spoiled cold-smoked salmon (Truelstrup Hansen ez al., 1995b, 1995d). In this
study phase contrast microscopy of samples failed to reveal the presence of large coccobacilli
typical for P. phosphoreum (Dalgaard, 1995) and these organisms were likely not present in
any significant numbers. In the storage experiment this was supported by TVC and TPC
being identical and the initial levels of 10-14 mgN/100 g TMAO not being converted to
TMA during storage (data not shown).

Sensory characteristics of spoilage.

Spoilage of cold-smoked salmon is primarily caused by microbiological activity
(Truelstrup Hansen et al., 1995b) and the spoilage characteristics in the storage experiment
presented in Table 3 resembled those previously described (Cann ez al., 1984; Truelstrup
Hansen et al., 1995a). The plastic off-flavour found in salmon from plant No. 3 was,
however, more likely related to diffusion of contaminants from the packaging material.
Enterobacteriaceae were capable of producing the typical spoiled salmon odours when
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inoculated into sterile salmon juice.” Only 7 out of 21 LAB were able to produce such odours
under the same conditions, which indicated a variable spoilage potential within the group.

Occurrence and origin of lactic acid bacteria.

LAB dominated the”isolate_s in both the screening and sté:age experiment, where
100% and 74% of organisms isolated from TVC and TPC were LAB, respectively.
Dominance of LAB in chill stored lightly preserved fish products has been reported .by
Magnisson & Traustadéttir (1982), Schneider & Hildebrandt (1984), Jeppesen & Huss
(1993) and Leisner et al. (1994) covering a number of different products such as 'vacuu"m
packed cold-smoked herring, cold-smoked salmon, sugar-salted.(gravad) fish (salmon,
Greenlandic halibut, mackerel), brined prawns, shell fish salads, fish pate and vacuum
packed minced herring-with 5%-sucrose and 4.6% NaCl. _ .

The origin of LAB could be the raw material as LAB is found on fresh ﬁsh in smaller
numbers (Schreder et al., 1980; Knechel, 1981; Mauguin & Novel, 1994). Some LAB are
linked with diseased salmonid fish such as Carnobacterium piscicola and Vagocotcus
salmoninarum. (Hiu et al., 1984; Collins et al., 1987; Wallbanks et al., 1990).
Contamination from the in-house microflora could also contribute and in fﬁct, a previoﬁs
study showed that different microflora would develop on smoked salr:ion frorﬁ the same
batch, which had been vacuum packed either immediately after smokiﬁg or. after slicing
(Truelstrup Hansen et al., 1995d). Similarly, variations in the microflora on vacuum packed
emulsion type sausages from 3 subsequent production days were shown to.involve
contamination with LAB from the production environment (Borch ef al., 1988).

Biochemical characterization of the isolates.

Biochemical characterization of the LAB and Gram-negative isolates was primarily
performed for the purpose of distinguishing between - the.different sub-groups. within the
bacterial families to allow comparison of the microflora between smokehousés; and thus it
was chosen to limit the number of characteristics tested. However, it was possible to identify
the microorganisms tentatively on the basis of these biochemical tests, and_tb ouf knowledge
this is the only reported characterization of the: microflora on spoiled, _cold—smoked sa_lmoﬁ.
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Characteristics of lactic acid bacteria.

The properties of Group A and LAB-cluster IB LAB were in good agreement to
profiles previously reported for Lb. saké or Lb. bavaricus isolated from numerous meat
products (Kandler & Weiss, 1986; Schillinger & Liicke, 1987a; Borch & Molin, 1988;
Doéring et al., 1988; Grant & Patterson, 1991; Dykes et al., 1994; Samelis et al., 1994).
Most probably 35% of the Lb. saké/bavaricus strains were Lb. saké on the basis of their
ability to produce NH; from arginine.

Eighty-nine strains from groups B, C, F and LAB-cluster IA (Tables 2 & 4) were
tentatively identified as Lb. curvatus. L. curvatus was the most frequently occurring LAB
in both the screening experiment (55%) and in the storage experiment (54%). The Lb.
curvatus profiles agreed well with strains described from red meat products by Grant &
Patterson (1991), Hugas et al. (1993) and Samelis et al. (1994) but not by Dykes et al.
(1994), where 33% of the strains were unable to grow on acetate agar and 50-83% unable
to produce acid from cellubiose, salicin and trehalose.

 Jeppesen & Huss (1993) found a high number of Lb. saké but not Lb. curvatus among
‘the LAB from a variety of seafoods, whereas Mauguin & Novel (1994) found neither Lb.
saké/bavaricus nor Lb. curvatus in their screening of seafoods.

Occurrence of Leuconostoc spp. in seafood was reported by Jeppesen & Huss (1993)
and Mauguin & Novel (1994). Leuconostoc spp. did not dominate the LAB flora on cold-
smoked. salmon, where the tentative Leuc. carnosum from the screening experiment and
-Leuc. mesenteroides from the storage experiment only accounted for 3.3% and 4.5% of the
LAB-flora, respectively (Tables.2 & 4).

Group E and LAB-cluster III were tentatively identified as Carnobacterium spp., but
none of the salmon strains produced gas from glucose. The production of gas by Carnobact-
erium spp. can be difficult to detect as pointed out by Collins et al. (1987) and one report.
indicates that Carnobacterium in fact is homofermentative (de Bruyn et al., 1987). Only 9%
of the LAB were found to be Carnobacterium spp. in both experiments, which was in
contrast to domination by Carnobacterium spp. found in a lightly preserved fish product
(gravad salmon) by Leisner et al. (1994). In other screenings of LAB from seafood,
Mauguin & Novel (1994) found that 16 out of 86 strains belonged to Carnobacterium spp.,
and Jeppesen & Huss (1993) reported 2-7 of 61 strains to be Carnobacterium spp.

Group G from the screening experiment (Table 2) contained one homofermentative
Lactobacillus sp. with a very narrow fermentation pattern (glucose, maltose and ribose).
LAB-cluster II strains (24) resembled Lb. casei subsp. rhamnosus (or Lb. rhamnosus) but
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contrary to LAB-cluster II this species produces acid from lactose, melezitose and sucrose
(Doring er al., 1988; Collins et al., 1989). Strains in LAB-cluster II and group G did not
resemble any groups found in seafood (Jeppesen & Huss, 1993; Mauguin & Novel, 1994)
or any groups found in meat products (Shaw & Harding, 1984; Morishita & Shiromizo,
1986; Borch & Molin, 1988; Grant & Patterson, 1991; Hugas et al., 1993; Dykes et al.,
1994; Samelis et al., 1994) ' T

Both Lb. plantarum reference strains were found in LAB-cluster IV in spite of their
variable fermentation patterns and ability to grow on acetate agar (Table 4). - There are
numerous reports of the presence of Lb. plantarum in seafood (Schreder et al., 1980;
Jeppesen & Huss, 1993; Mauguin & Novel, 1994) and meat products (Morishita &
Shiromizo, 1986; Hugas et al., 1993; Samelis et al., 1994), but the description : of
biochemical properties varies considerably.

Characteristics of Gram-negative isolates.

The psychrotrophic Gram-negative species on spoiled cold-smoked salmon
characterised in this study consisted of Serratia spp. (liquefaciens and marcescens),
Enterobacter agglomerans, Hafina alvei and an unidentified Enterobacteriaceae sp. (Tables
1 & 5). Similar species have previously been found on cold-smoked salmon (Nieper, 1986;
From & Huss, 1991; Cantoni ef al., 1993). From & Huss (1991) also found Vibrionaceae
spp., which were not encountered in this study. Enterobacteriaceae and Vibrionaceae are
ubiquitous microorganisms (Krieg & Holt, 1984), and the above mentioned species have
often been isolated from vacuum packed red meat products and related to spoilage (Hanna
et al., 1979; Dainty & Mackey, 1992). '

Inosine metabolism of lactic acid bacteria.

~ The ability to-convert-inosine-into -hypoxanthine and ribose-was widespread among
the LAB with 92-100% of the tentative Carnobacterium spp., Lb. plantarum and Leuconostoc
mesenteroides spp. being positive. Borch & Molin (1988) assayed LAB’s ability to
assimilate inosine and also found that Carnobacterium spp. (Cluster 1 & 2) possessed that
ability. This property is interesting in relation to the use of hypoxanthine as a quality

parameter.
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Intra- and interplant variations and existence of one specific microflora for cold-smoked
salmon.

The intra- and interplant variations in the microflora indicated by the screening
experiment were much more pronounced in the storage experiment (Table 5), where a larger
number of isolates and vacuum packs were analyzed. On cold-smoked salmon from plant
No. 2 both LAB and Gram-negative isolates were significantly different between batches
(Table 1, 2 & 5). However, the considerable vacuum pack to vacuum pack variation could
disturb this picture. Borch et al. (1988), Samelis ez al. (1994) and Hitchener et al. (1982)
all found batch to batch variations in the LAB flora on vacuum packed emulsion sausages,
naturally fermented salami and vacuum packed beef, respectively, from the same source.
On the variation in the LLAB microflora on the same type of products from different sources
Morishita & Shiromizu (1986) and Hugas et al. (1993) found similar variations to those
observed on cold-smoked salmon in this study. Based on those results it is not likely that
there exists one specific microflora on cold-smoked salmon. The product rather represents
a frame where a number of different organisms can grow and thrive depending on whether
they are successfully introduced either through the raw material or from the production
environment. Spoilage occurs as a result of microbiological activity and will therefore be

influenced by the spoilage potential among the microorganisms present.

Conclusion.

The microflora on cold-smoked salmon appeared to be very similar, when agar
methods alone were used. Characterization of the microflora proved that there were
considerably variations between smokehouses. Also, when vacuum packs from the same
production batch were compared there were distinct differences. Apart from the unidentified
LAB-cluster II and LAB group G, it was possible to tentatively identify the isolated lactic
acid bacteria on the basis of the biochemical characteristics and the literature on LAB in
seafood and vacuum packed red meat. The significance of the bacteria isolates and the
variable microflora found on spoiled cold-smoked salmon in relation to spoilage remains to
be analyzed.
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Abstract.

Vacuum packed whole fillets and sliced cold-smoked salmon from the same
" productlon batch were stored at 5°C for up to 51 days, sampled regularly and analyzed for
sensory and m1crob1010g1cal changes using taste panel, traditional agar plating methods (total
viable counts, psychrotrophlc couants, lact1c acid bacteria and Enterobacteriaceae) and Malthus
_conductance methods for total viable counts and Enterobacteriaceae. The experiment was
performed twice with salmon from 3 dlfferent smokehouses Sliced salmon was rejected after
21-36 days and fillets after 32-49 days of storage with no apparent relation to the microflora
or salt eontent (4.1-6.1% in the water phase). Whole fillets developed the same spoilage
characteristics as sliced salmon but had a softer texture at the time of rejection. Plate counts
‘and Malthus detection times revealed a highly variable microflora among the 3 smokehouses.
The microflora differed between whole fillets and the corresponding sliced salmon from 2
smokehouses, indicating microbiological contamination from the production environment may
have influenced the composition of the microflora. Lactic acid bacteria, Enterobacteriaceae
and psychr‘otrophic marine vibrio and Photobacterium spp. were found on spoiled salmon.
‘Use of Malthus methods calibrated to traditional agar methods was problematic, because the
' microflora on cold-smoked salmon was so variable.

'Ke‘ywords: Cold-smoked salmon, microbiolOgy, spoilage, conductance assays
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Introduction.

Cold-smoked salmon is a lightly preserved fish product with a typical salt content
of 3.5-5% in the water phase, water content between 65-70% and pH between 5.8-6.2. This
product spoils due to microbiological activity when vacuum packed and stored at chill
temperatures (Truelstrup Hansen et al., 1995b). It has been proposed that there exists a
specific spoﬂage flora for cold-smoked salmon in parallel to what has been found for cod
stored on ice (Gram et al., 1987) and in modlﬁed atmosphere (Dalgaard et al., 1993).
However, reports on development of the microflora on cold—smoked salmon are not consistent
(Cann et al., 1984; Schneider & Hlldebrandt 1984 Truelstrup Hansen et al., 1995a,b,c),
and the microflora therefore seem to be rather variable.

Lightly preserved fish products like cold-smoked salmon undergo more processing

steps than chilled groundfish like cod, and these processes i.e. injection brmmg (addltlon of
salt and penetration of tissue), drying and smoking will alter the physical and chemical
properties of the raw material and poss1b1y the s1ze and compos1tlon of the indigenous
_microflora. Also, each processmg step will i increase the exposure of the fish to the in-house
microflora. The 1mportance of contammatlon w1th the m—house flora for shelf 11fe and
spoilage is not known.
‘ Rapid microbiological methods based on changes in e1ectr1ca1 propert1es (capltance
conductance and impedance) caused by mlcroblologl_cal activity have been developed for foods
(Silverman & Monoz, 1979; Firstenberg-Eden & Tricarico, 1983; Gibson & Hobbs, 1987;
Ravn Jorgensen et al., 1988). The detection t1me DT) w111 under the glven assay condltlons
be related to the numbers and. kmds of organisms present. DT can be converted into colony
forming units (cfu) through calibration with traditional agar plating methods However as
a result of differences in metabolism, end products or morphologlcal charactenstlcs identical
plate counts of various m1croorgamsms do. not necessanly correspond to the same DTs
(Firstenberg-Eden & Tricarico, 1983; Gibson ez al., 1984 Dumont & Slabyj, 1994) |

‘This study was undertaken to determme whether -any consistent pattems cou1d be.
found in the development of sensory and rmcroblologlcal propert1es durmg storage of vacuum
packed cold-smoked salmon from 2 md1v1dual productlon batches produced under 1dent1ca1
conditions by each of 3 smokehouses. Influence of the exposure to the in-house m1croﬂora
during slicing and packaging procedures was. evaluated by comparlson of sa]mon vacuum
packed immediately after smoking with norma]ly processed sliced, vacuum packed cold-
smoked salmon from the same batch. The microbiological testing involved traditional agar
plating methods and the Malthus conductance methods for measuring total viable counts
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(TVC) and Enterobacteriaceae, which allowed an alternative way of analyzing for differences

in the microflora.
Material and methods.

Production of samples of cold-smoked salmon.

Farmed Atlantic salmon (Salmo salar) were obtained from Norway by 3 different
smoke-houses in northern Denmark, stored, filleted -and ' salted according to their usual
procedures (Figure 1). Immediately after the drying and cold-smoking processes whole
unsliced fillets were put into vacuum pouches using sterile gloves and vacuum packed. The
vacuum packed whole fillets followed the rest of the cold-smoked salmon during the routine
procedures of chilling (freezing), skinning, slicing, layiﬂg onto gold-laminated card boards,
weighing and vacuum pa¢king.' In this way all the salmon from the same production batch
got the same temperature x time treatment (Figure 1). The vacuum packed whole sides (W)
and the normal sliced cold-smoked salmon (S) were shipped to the laboratory (temperature
< 3°C), where the storage experiment bégan. This procedure was repeated after 7 or 12 days
at all 3 smokehouses to produce a second production batch using the same recipes, equipment
and fish of comparable quality. ’

For each plant the following conditions were specified:

i. Plant No. 1. Norwegian farmed salmon were stored for 6 days on ice between
slaughter and beginning of both production batches (1.1 & 1.2)'._- The salmon was salted by
a combination of injection brining and dry salting. The fish was sliced at -1°C. All salmon
wefe vaéﬁum packed in laminates of Qriented polyarhide (OPA)"ahd polyethylene (PE) for the
upper layer (OPA/PE 15/70) and polyamide (PA) and PE for the under layer (PA/PE 30/70)
supplied by SL-emballage, Copenhagen, Denmark. Permeability for O, were 22-35 cm?/m?
- x 24 h and for CO, 115-140 cm®*/m? x 24 h at 25°C, 0% rh. ,

ii. Plant No. 2. Norwegian farmed salmon stored for 7 days on ice after slaughter
were used for the first production (2.1). Norwegian farmed salmon stored 2 days on ice and
frozen (-35°C) for 7 days, were used for the second production batch (2.2). The salmon was
injection brined and sliced at -12°C. Sliced salmon were vacuum packed in laminates
consisting of PETX/PE 15/70 for the upper layer and PETM/PE 12/60 for the under layer
with permeability for O, of 5-10 cm?®/m? x 24 h and for CO, of 15-30 cm®/m? x 24 h at 23°C,
th 90% (Scandiflex, Landskrona, Sweden). Whole fillets were packed in Riloten 50/100
Conospeed (Otto Nielsen, Lyngby, Denmark) with the following properties: PA/LDPE
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Farmed salmon (Salmo salar)

A4
|Equilibration| (5°C, 8-24 h)

v
Drying| (20-27°C, 2-3 h)

] Cold—smoking | ,(2,0‘?5,501, 2-3 '_h) |

__________ . |Whole fillets |
(Vacuum packed)
|Ch|II|n:| (—1 to +5°C, 419 h) p
Ty ~*{ Freezing} (-14°C, 3-4 h)

v
| Skinning & slicing | (-12°C or -1°C)

[Taying & Weighing| (~7°C or +2°C, 30 min)

" A 4 : ‘ . ' :
[ Vacuum packing] - -.- - - = ISliced salmon; .

Flgure 1. Flow chart of cold—smokmg process and sample preparatlons Range of the
t1me and temperatures for each process is g1ven i

55/ 100; 0,12 cm®/m? x 24 hi CO, 54 cm*m?* x 24 h at 23°C, 90%. rh." .

ili. Plant No. 3. For production of both batches (3.1 & 3.2) Norweglan farmed
“salmoii were slaughtered and iced for-7-days and‘then processed. The-salmon was injection
‘brined and sliced at -14°C. Sliced salmon were packed in Nyloflex with upper. layer
consisting of PA/PE 15/70 and under layer of PA/PE 40/70 with permeability for O, of 29-44
“cm®/m? x 24 h and for CO, of 117-175 cm®/m? x 24 h at 23°C, 90% rh (BA Emballage,

Horsens, Denmark). Whole fillets were packed in PA/PE 50/100 with permeability for O,
of 18 ¢m®m? x 24 h and for CO2 of 55 cm®/m? x 24 h at 23°C; 90% rh (Innopac, Téstrup,

Denmark)
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Storage and sampling.

-~ Whole fillets and sliced salmon were stored at 5 + 1°C in the dark for up to 51
days, sampled regularly and analyzed by microbiological methods (2 vacuum packs) and by
taste panel (1 vacuum pack). The microbiological and sensory analyses on each set of
samples continued at least until the taste panel rejected the salmon. Salt and dry matter
content were determined in 5 whole fillets from each production batch from the 3

smokehouses.
Sensory analysis.

Samples from all treatments and smokehouses were evaluated for overall acceptability
with regard to odour, flavour and texture and disregard to salty and smoky flavours. The 8-
10 trained panellists were also presented with a freshly thawed sliced sample from the same
production batch stored at -30°C throughout the experiment, and this sample served as a
standard. All samples were served sliced, so the judges would have no preference. The
hedonic Smiley scale with.5 "faces" was used as described by Truelstrup Hansen et al.
(199515), and the samples were considered unacceptable when 50% or more of the judges
discarded the salmon. - The judges were also asked to comment on odour, texture and flavour.

Chemical analysis.

Approximately 100 g samples were homogenised and the AOAC (1975) method was
used to determine the salt content expressed as % NaCl in water phase in homogenatés. Dry
‘matter content was determined by oven drying 2 g salmon at 105°C for 20-24 h (until
constant weight was obtained).

Microbiological analysis.

Traditional plating methods.

Ten g salmon sampled from- representative parts of the vacuum packs were
homogenised in 90 m! Peptone Saline (PS, 0.9% (w/w) NaCl and 0.1% (w/w) Bacto Peptone,
Difco) for 30 s in a Stomacher 400 Lab Blender (A. J. Seward, Bury, St. Edmunds, U. K.).
Total viable counts (TVC) and counts of H,S-producers (black colonies) were performed by
using appropriate dilutions in pour plates (double layer) with Iron Agar (IA) (Gram et al.,
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1987). Counts of total psychrotrophs (TPC), total viable counts in Tryptic Soy Agar (TSA),
tentative Enterobacteriaceae in Violet Red Bile Glucose agar (VRBG) with bottom layer of
TSA and lactic acid bacteria in Nitrite Actidion Polymyxin agar (NAP) with pH adjusted to
6.7 were performed as described by Truelstrup Hansen et al. (1995a). All colonies (IA and
TSA) or typical colonies (NAP) were counted after 3 days’ aerobic incubation at 21°C. On
TPC “plates, all colonies were counted-after 5 days’ aerobic incubation at 10°C, whereas
typical colonies on VRBG plates were counted after 2 days at 21°C.

Malthus methods.

From the same 10 dilution (10 g sample + 90 ml Saline Peptone), which was made
for the traditional analyses, 1 ml was pipetted into Malthus cells with 2 ml Special Peptone
Yeast Extract broth (SPYE, No. 490-001, Malthus, Crawley, West Sussex, England) for
determination of total viable counts (TVC-Malthus). - Numbers of : Enterobacteriaceae
(Enterobacteriaceae-Malthus) were determined by pipetting 1 ml sample into Malthus cells
with 5 ml Enterobacteriaceae medium (No. 490-004, Malthus) with addition of 0.05 g/l
Monensin (Sigma). The cells were incubatéd in a Malthus 2000 (Malthus Instruments Ltd.,
Crawley, West Sussex, England) at 21°C (TVC) and 36°C (Enterobacteriaceae) for up to.50
h. Linear regression was used to analyze the relationship between detection times (DT, time
until changes in conductance) and plate counts. The linear regression analyses were
performed using Fig.P version 6.0 (Fig.P Software Corporation, Durham, NC, USA).

Statistical methods.

Differences between regression equations were tested either by modelling the results
in a first order equation (Log,(cfu/g) = o; + §;*DT) with indicator variables and interactions
to allow analyses for both differences among slopes (3, and intercepts (cs) or by first testing
for homogeneity -of the regression coefficients (slopes ;) and then, if the regression
coefficients were homogeneous, a covariance analysis for differences among the intercepts
(o) was carried out. These tests were performed as described in Gomez & Gomez (1984)
and carried out using SAS version 6.09 (SAS Institute Inc., Cary, NC, USA). Differences
among the regression correlation coefficients (r) were tested as described in Gomez & Gomez
(1984). When appropriate, analyses of variance (ANOVA) were performed.
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Results.

Sensory changes and maximum shelf-lives of whole and sliced cold-smoked salmon.

The salt and moisture content in cold-smoked salmon ranged between 4.1 and 6.1%
in the water phasé' and 62.5 to 67.1%, respectively (Table 1). The salt contents were
significantly (P < 0.05) different between the two production batches from plant No. 3. The
shelf life of cold-smoked salmon was not related to the salt content alone as is obvious from
Table 1 and Figure 2, but strongly related to whether the salmon was vacuum packed as a
whole fillet or sliced. In Table 1, a set of codes are presented to symbolise the individual
treatments, where 1.1W represents whole sides from plant No. 1’s first production and 1.1S
the sliced salmon from the same plant and batch.

Table 1. Shelf life, salt and moisture content in whole and sliced cold-smoked salmon from
2 production batches from each of 3 smokehouses.

Plant Production  Salt %

v Water %  Shelf life (days) at 5°C
batch (in water phase) | Whole fillets Slices
1 1 52 +0.3 67.1 42-47* (1.1W)y*  21-26 (1.1S)
2 4.8 +0.3 66.9 32-35 (1.2W) 24-28 (1.2S)
2 1 4.1 +04 64.3 38-43 (2.1W) 30-36 (2.1S)
2 4.4+ 0.3 66.3 34-36 (2.2W) 25-29 (2.2S)
3 1 52+03 63.1 45-49 (3.1W) 22—29 (3.15)
2 6.1 +£0.3 62.5 38-42 (3.2W) 25-28 (3.25)

a) Day in bold represents day at which the sensory panel rejected the sample; b) Sample
coding to used in the presentation of results.

Cold-smoked salmon gradually lost the sensory quality during storage (Figure 2).
The estimated shelf life at 5°C of sliced salmon ranged between 21 to 36 days and of whole
sides between 32 to 49 days (Table 1 & Figure 2). Shelf lives of whole sides were always

longer than shelf lives of the corresponding sliced product.
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The odour of sliced cold-smoked salmon changed during storage from fresh and
typical to neutral and slightly sour, sweet and putrid. Strong sweet, nauseous, sour, putrid
and in some samples (1.2S & 2.2S) ammonia-, amine- and cabbage-like off-odours were
reported at time of rejection. The characteristic flavour was initially mild and sweet, but also
slightly rancid in 2.2S & 3.2S. The flavour of borderline salmon was slightly sweet and
could in addition be slightly rancid, bitter, oily and astringent. The scores and descriptions
of salmon of borderline quality revealed great variation among samples from the same
vacuum pack (Figure 2). Off-flavours in spoiled salmon matched the characteristics of
borderline salmon but had become more intense. The texture of spoiled salmon was
described as soft, pasta-like, mushy and butter-like. Samples, that initially were slightly
rancid, became very rancid at the time of rejection (2.2S & 3.2S5), but also 3.1S became
rancid during storége. '

The sensory changes, which developed during storage of whole fillets, resembled
those observed and described above for sliced salmon. In general, the textural deterioration
was more pronounced in rejected whole fillets, where several judges noted that they rejected

the salmon on the basis of the texture rather than any other characteristics.
Microflora during storage (traditional plate count methods).

The traditional plate count methods yielded considerable variations in both the size
and the composition of the microflora on sliced and whole fillets. The microflora also varied
between production batches. Large standard deviations (0.5 to 1.0 Log,(cfu/g) were often
seen betWéen the two independent samples analyzed on each sampling day. The initial
numbers of microorganisms were in general low (10% - 10° cfu/g) and this indicated that
appropriate good manufacturing practices had been used by the smokehouses.

| Figures 3a-d show the batch variation on sliced cold-smoked salmon from the same
smokehouse (No. 1). Sliced salmon from the first production batch was dominated by
psychrotrophs (10° cfu/g) at the time of time of spoilage, while sliced salmon from the second
batch was dominated by lactic acid bacteria (LAB, 5 x 107 cfu/g) (Figures 3a & c). Lower
nﬁmbers of microdrganisms were found on whole fillets from both productions than on the
corresponding sliced salmon (Figures 3b & d). Whole fillets from the first production (1.1W)
and second batch (1.2W) contained at spoilage approximately 10° cfu/g and 10° cfu/g,
respectively, and the flora was in both cases dominated by psychrotrophs. Enterobacteriaceae
 counts were lower than any other agar counts in all salmon from plant No. 1 (Figure 3).
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Sliced salmon from plant No. 2’s first batch reached final numbers of 107 - 10® cfu/g
and was dominated by LAB (Figure 4a). The microflora on whole fillets from the same batch
(2.1W, Figure 4b) was of the same size as the sliced but contained very few LAB (10° - 10*
cfu/g). The second batch from the same smokehouse differed from the first batch in that
sliced salmon (2.2S) spoiled with 108 cfu/g LAB and whole fillets (2.2W) with a mixture of
bioluminescent bacteria and LAB totalling 10° cfu/g (data not shown).

The microflora on whole fillets from plant No. 3’s second batch reached higher final
levels (108 cfu/g) on 3.2W (Figure 4d) with LAB, than the flora on sliced salmon did (107
cfu/g, Figure 4c). Sliced salmon from the first batch (3.1S) was similar to the second,
whereas the microflora on whole fillets (3.1W) contained lower numbers (10° cfu/g) and large
variations between double determinations (data not shown).

The variation in size and composition of the microflora within a vacuum pouch was
further analyzed by sampling the same pack 3 times at different spots with subsequent
séparate analyses. This local variation in microbiological load was largest for whole fillets
with standard deviations of up to 2 Log(cfu/g) on all agar counts and only 0.1-0.5
Log,,(cfu/g) for sliced salmon. Also composition of the flora determined with the 5 agar
substrates varied considerably on whole sides but not on sliced salmon.

Bioluminescent strains of Photobacterium phosphoreum and some marine vibrio are
known to be heat sensitive and to occur in fish products (Baumann & Baumann, 1984; van
Spreekens, 1987; Dalgaard et al., 1993). Presence of these bacteria were indicated in
samples, where counts on TPC were much higher than on TVC/TSA (Figures 3a & 4c).
Screening of selected TPC plates showed presence of bioluminescent bacteria on salmon from
plant No. 2’°s second batch in levels of ca. 5 x 10° cfu/g and ca. 3 x 10° cfu/g on sliced and
whole salmon after 38 days, respectlvely Bioluminescent isolates from plant No. 1 (1.18,
Figure 3a) were characterised as large Gram-negative and oxidase-negative coccobacilli. No
bioluminescent bacteria were found on TPC from other production batches, but this may be
due to the limited screening. Non-bioluminescent strains of these organisms occur frequently
in fish (Dalgaard, 1995) and may not have been detected in this study.
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Figure 5. RelationShip between TPC and TSA plate counts from the 3 smokehouses.

Comparison of the microflora from the smokehouses using the Malthus results.

It is clear from Figure 5 showing the relationship between total psychrotrophic counts
(TPC) and total viable counts on TSA, that TPC allowed for enumeration of heat sensitive
bacteria. At counts below 10° cfu/ g TPC tended to underestimate the ﬁumbers of bacteria.
However, TPC was preferred in the analysis of-the relatibnship between total bacterial
numbers as measured by traditional plate counts and TVC-Malthus, because TPC gave a more
accurate estimate of the numbers of bacteria in the majority of the samples. - ,
- Figure 6a shows the linear relationships between Log,,(TPC) and the detection time
(DT) for the TVC-Malthus method from all 3 smokehouses with Pearson correlation
coefficients (r) between -0.88 and -0.95. For the relationship between TPC and TVC-
~Malthus for all samples from each plant pooled, it was found that the linear regression
equation describing the microflora on smoked salmon from plémt No. 1, was significantly
different (P < 0.001 for slope and P < 0.05 for intercept) from the equations describing the
flora on salmon from plants No. 2 and No. 3, indicating a differeﬁce in the microflora
between plant No. 1 on one side and plants No. 2 & 3 on the other side. Similarly the
regréssion equations for DT Enterobacteriaceae-Malthus and VRBG counts showed that the
Gram-negative (Enterobacteriaceae) flora from plant No. 2 was significantly (P < 0.05)
different from the Gram-negative microflora on plants No. 1 & 3 (Figure 6b). Combined,
these results strongly suggested that the microflora on cold-smoked salmon from the 3
smokehouses were different from one-another.
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Further data analysis revealed that the regression lines for TPC and DT (TVC-
“Malthus) for whole and sliced salmon were significantly different from one-another on salmon
“from planits No. 1 and 3 buf fiot from No: 2 (Table 2). This suggested that the microflora on

slicéd salmon from plants No. 1 & 3 was different from the flora found on the corresponding
whole fillets. The data from whole fillets contained more variation, which could not be
described by the simple linear model. The linear regression correlation coefficients from
sliced salmon were therefore always higher (g, = [ | 0.921;0.980 | 1) than those for unsliced
salmon (Typye = [ | 0.807;0.906 | 1, Table 2). Larger variation among duplicate samples from
wholés sides were also seen in the results from the plating methods (daté. not shoWn).‘ :
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Table 2. Linear regression between Malthus detection time for total psychrotrophic counts
(TPC) and DT for whole fillets and sliced cold-smoked salmon from 3 smokehouses.
(Model: Log;(TPC) = B; x DT + o + &)

Plant  Sliced/  Slope () Intercept (@) 1 T, DFe
Whole » : :

1 S. -0.2022 8.1633 0.9210 24667 36

| W .0.1282 69527  -0.8068

2 s 02626 9.1839 .0.9634  1.0332% 38
W -0.2373 8.5758 -0.9043

3 s -0.3156 9.5582 . .0.9795 32528 42
W 02231 8.2461 -0.9059

a) 1 - Correlation coefficient; b) T, - calculated t-value using the test for homogeneity of
slopes; ¢) DF - degrees of freedom; * - significant at 5% level; ** - significant at 1% level,
NS - not significant.

- Discussion.

Smoked salmon spoil as a result of microbiological activity (Truelstrup Hansen ez al.,
1995b), and the shelf life extension found for whole fillets in comparison with the sliced
salmon will be related to factors affecting growth of microorganisms. In general, lower
bacterial counts were found on whole fillets. The surface of sliced salmon is contaminated
with the in-house flora through processes like skinning, slicing etc. The relatively large
surface area of sliced product provides more growth space per g than in the intact salmon
tissue. Also, more nutrients will be readily available from the cut surfaces with ruptured
cells than from the smoked surface on fillets. _ |

. The sensory characteristics at the time of rejection for whole fillets and sliced salmon

- were similar with regard to odour and flavour. The judges’ description of the gradual quality

-loss: resembled descriptions previously reported (Cann ez al., 1984; Truelstrup Hansen ez al.,

1995a). However, -whole fillets with low microbial numbers were frequently rejected on the

- basis of textural deterioration and shelf life of cold-smoked salmon with low numbers of

~ microorganisms may therefore be determined by the degree of autolytic téxture degradation
_as suggested by Truelstrup Hansen ez al. (1995b). , o

The shelf life of sliced cold-smoked salmon was at least 21 days and independent of
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salt levels ranging from 4.1 to 6.1% in the water phase (SWP) (Table 1). It may however,
be difficult to compare salmon produced by different smokehouses because a number ‘of
important factors such as packaging material, production method, size and compositioh of
initial flora, numbers of freezing and thawing cycles and quality of raw material, varied and
may thus explain why salmon with 4.1 and 6.1% SWP had comparable shelf lives. Shelf life
has previously been found to increase when salt levels was increased from 2.2% to 4.6%
SWP in smoked salmon otherwise produced under identical conditions (Truelstrup Hansen et
al., 1995a). ‘

The rancid off-flavours seemed to be related to initial presence of slight rancidity in
freshly produced salmon, gas permeability of the packaging material and the relative size of
meat surface, which may explain differences between rancidity in whole fillets and sliced
salmon from the same batch, and these factors of importance for development of rancidity
in cold-smoked salmon have not been studied systematically to our knoWiedge but a
preliminary study indicated that significant lipid hydrolysis occurs during chill storage of
cold-smoked salmon (unpublished data). ' : -

The mcroblologlcal pattems found in this study covered the range - of different
microflora reported to develop on cold-smoked salmon (Cann et al., 1984; Schneider &
Hildebrandt, 1984; Truelstrup Hansen et al., 1995a,b,c). The microflora varied among
products from the 3 smokehouses, but large variations were also seen in salmon from the
same smokehouse (Figure 3). Characterization of representative isolates from spoiled cold-
smoked salmon from 3 different smokehouses revealed similar differences (Truelstrup Hansen
‘et al., 1995¢), and similar batch to batch variations have been found in vacuum packed red
meat products (Hitchener et al., 1982; Borch et al., 1988, Samelis et al., 1994).

" 'LAB, psychrotrophs (marine vibrio and Photobacterium spp.)-and Enterobacteriaceae - -

all appeared in numbers, where they could be considered to be of importance, at the time of
spoilage. Plate counts on Iron agar (TVC) tended to be lower than on TSA (Figure 3b;
Figures 4c & d). There is no obvious explanation since typical bacteria including LAB from

~smoked ~salmon normally-thrive-in -both Iron agar and TSA (unpublished data). H,S-

producing bacteria were only detected occasionally in Iron Agar (data not shown), indicating
such ‘bacteria played no part in the spoilage. - Heat sensitive marine vibrio and P.
phosphoreum have previously been found on cold-smoked salmon (Truelstrup Hansen ef al.,
1995b), and it appears that Photobacterium spp. and/or marine vibrio occur regularly on
vacuum packed smoked salmon. P. phosphoreum’ has been‘associated‘with‘ spoilage of packed
cod fillets (Dalgaard et al., 1993) and histamine production in vacuum ‘packed hghﬂy salted
mackerel (van Spreekens, 1987), which could be of potential concern.
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Calibration curves for TPC and DT (TVC-Malthus) and for VRBG and DT
(Enterobac-teriaceae-Malthus) revealed that the microflora on salmon from the 3 different
smokehouses were different from one-another, and best described by 3 separate sets of
calibration curves. Gibson & Ogden (1987) found different regression lines in repeated
experiments with cod and smoked trout under different packaging conditions (vacuum and
modified atmosphere) and concluded, this was due to prevalence of different microorganisms.
Several researchers have suggested the use of different electrometric methods for the rapid
estimation of bacteriological quality of fish products (Gibson et al., 1984; Gibson, 1985;
Ogden, 1986; van Spreekens & Stekelenburg, 1986; Huss et al., 1987; Ravn Jorgensen ef al.,
1988). In the present study it was found that the variability in the microflora and thus the
Malthus responds rendered the use of standard Malthus methods difficult.

Several of the processing steps following cold-smoking may cause intensive exposure
of the salmon to the in-house flora (Figure 1) and influence the composition and development
of the microflora on the finished product. This may in part explain the differences found
between the microflora on whole and sliced salmon from plants No. 1 & 3 (Figures 3 & 4a-b,
Table 2). Borch et al. (1988) found the successful introduction of in-house originating
spoilage bacteria through contamination on a processing line for emulsion sausages to be
highly dependant upon the competitiveness of the surviving indigenous microflora after the
heat process. Such differences in competitiveness between the indigenous flora on the raw
material and the in-house microflora may explain part of the reason for the highly variable

microflora found on cold-smoked salmon.

Conclusion.

The observed differences among the microflora isolated from products from three
different smokehouses and production batches indicated that no typical microflora for cold-
smoked salmon exists. The microflora is highly variable and partially influenced by the
production environment in the smokehouse. The Malthus’ standard methods could not be
used to determine the total viable count and Enterobacteriaceae on cold-smoked salmon,
when calibrated to the traditional agar methods, without specific and frequent calibrations for

each smokehouse.
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by

: Lisbeth Truelstrup Hansen
- Danish Institute for Fisheries Research, Department of Seafood Research,
Bldg. 221, Technical University, DK-2800 Lyngby, Denmark.

Abstract;

The growth and metabolism of 6 lactic acid bacteria (LAB), 4 Enterobacteriaceae and
one strain of Photobacterium phosphoreum isolated from spoiled cold-smoked salmon were
studied durin’g’ growth in sterile salmon juice incubated in 100% N, or on vacuum packed
salmon block incubated at 5°C for 15 and 20-21 days, respectively. Lactobacillus saké
1T18, Lactobacillus curvatus 3N6, Carnobacterium sp. 2T2, Serratia liguefaciens 2R4 and
Photobacterium phosphoreum P66 all grew and produced hypoxanthine (Hx) and acetic acid
in salmon juice but at different rates and cell concentrations. No trimethylamine (TMA) and
only small amounts of acetic acid and Hx were produced on muscle blocks with cell counts
of less than 10° cfu/g. Forty-eight % of all salmon blocks were contaminated with
indigenous bacteria mainly of the Photobacterium/marine vibrio type. P. phosphoreum grew
to final levels of 10° cfu/g but were up to 100 times more metabolically active per cell than
any other test organisms, indicating a high spoilage potential at lower cell concentrations.
The lactics grew to final levels of 108 cfu/g and produced off-odours resembling those found
on smoked salmon. Two LAB strains produced cabbagey off-odours and Lb. saké 1T18 was
shown to produce H,S. Growth of the Enterobacteriaceae on contaminated salmon blocks
were affected by indigenous bacteria, Hafnia alvei, however, colonized the salmon with the
production of stale, nauseous and fruity off-odours.

Introduction.

Cold-smoked salmon is a lightly preserved fish product and will ultimately spoil due
to bacteriological activity during chill storage (Truelstrup Hansen et al., 1995b). Among the
mictoorganisms developing on the product during storage are: Lactic acid bacteria,
Brochothrix thermdsphacta, Enterobacteriaceae (Cannetal., 1984; Schneider & Hildebrandt,
1984, ”Jakobsen et dl., 1988, Truelstrup Hansen ef al., 1995a, b & d), marine vibrio and
" Photobacterium phosphoreum (Truelstrup Hansen ef al., 1995b)." Considerable variations
have been found among the microflora on products from different smokehouses (Truelstrup
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Hansen er al., 1995c & d). It has therefore not been possible to establish one general
microbiological mechanism for the spoilage of cold-smoked salmon.

The spoilage potential amongst bacteria isolated from spoiled foods have been
evaluated in several model systems under conditions resembling the authentic products as
much as possible. Off-odour production has been screened in sterilized juice made from the
various food products in question (Castell & Anderson, 1948; Lerke et al., 1963; Gram et
al., 1987; Jeppesen & Huss, 1993), while other researchers have used inoculation of bacteria
onto products with no or reduced loads of indigenous microorganisms and subsequently
monitored production of metabolites and off-odours (Herbert et al., 1971; Dainty et al.,
| 1989; Borch & Agerhem 1992; Dalgaard et al., 1993). Microbiological spoilage potential
can also be evaluated by quantltatlve measurement of the organisms’ metabolic activity, and
this approach in the form of yield factors was used by Dalgaard (1995) to show that P
phosphoreum spoiled vacuum and modlﬁed atmosphere packed cod fillets. ‘

In this study, selected strains previously isolated from sp011ed cold-smoked saJmon
and characterised (Truelstrup Hansen et al., 1995b & c) were evaluated with regard to their
spoilage potentials during growth in sterile salmon juice incubated anaerobically or ‘_',on
vacuum packed cold-smoked salmon. Microbiological, chemical and sensory changes were

monitored during storage at 5°C.
Material and methods.

A number of model eknerimenté with isolates from previoﬂsly‘ described storage
experiments (Truelstrup Hansen ef al., 1995b & c) were carried out in salmon juice or on
muscle blocks made from cold-smoked salmon prepared with reduced leads of

microorganisms.

Preparation of model systems.

Preparation of salmon juice.

Salmon juice was made from salmon fillets (Salmo salar) and tap water in the ratio

2:1. Briefly decribed, the process involved following steps: salmon was b011ed w1th water
~for. 10.min, the resulting juice filtered through a standard coffee ﬁlter and the remalmng
tissue fluid expressed manually in a filter press and then filtered. Most of the 11p1d was
discarded with the coffee filters, resulting in less than 3% lipid in the '_]ulce. The_ juice was
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buffered with 0.1 M phosphate buffer (44 mmol/1 KH,PO, and 56 mmol/l K,HPO, (Merck,
Darmstadt, Germany)), and pH adjusted-to 6.2 with 0.1 M HCl and salt (4.3 % w/v) was
added to match levels found in cold-smoked salmon. After heat treatment for 30 min at
100°C, the juice was added 5 mmol/l inosine (Sigma, MO, USA) and 7 mmol/l TMAO
(Sigma, 10 ing—N/ 100 ml) from filter sterilised stock solutions to compensate for dilution and

heat decomposition.

Preparation of sterile salmon blocks.

Whole gutted salmon (Salmo salar) were obtained fresh from Norway and filleted
with knives and cutting boards sanitised in ethanol (70% v/v) to decrease the initial microbial
load on the fillets. The unskinned fish were dry salted with crystalline salt on the flesh sides
and left to equilibrate for 4 h, after which the salt was removed with tap water. The salmon
were left for 14-18 h at 2°C before being dried (2 h at 24°C, 54% rh) and cold-smoked (4
h at 22°C, rh 60%). After smoking, the fillets were aseptically cut into muscle blocks
‘without skin of approximately 50-75 g each. The muscle blocks were vacuum packéd in a
high barrier material (Riloten/x 40/50 Conovac) from Otto Nielsen Emballage A/S, Lyngby,
Denmark with the permeability for O, of 1.0 cm?/m? and for CO, of 4.0 cm*/m” in 24 h, 1
atm at 23°C, 95% rh. The samples were stored at -30°C until beginning of the model

experiments.
Bacterial cultures.

The test organisms were isolated from spoiled vacuum packed cold-smoked salmon
~and tentatively identified as previously described (Truelstrup Hansé;n et al., 1995b & c).
Table 1 lists the strains, their origin and performed model experiments. '

Preparation of inoculum.

Isolates were stored at -80°C in the freezing media of Gibson & Khoury (1986) and
subcultured twice in salmon juice at 10°C for 48 h before inoculation. Numbers of cells in
the second subculture were estimated by phase contrast microscopy under the assumptjon that
one cell per field equals 5 x 10° cfu/ml. Appropriate dilutions were made in Peptone Saline
(PS, 0.1% (w/v), Bacto Peptone [Difco, Detroit, MI, USA] and 0.9% NaCl (w/v)). Identity
and purity of strains were confirmed by streaking strains out on either Tryptone Soy Agar
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Table 1. Overview of performed model experiments.

Strain ‘ Origin? Group/Cluster®  Model experiments
Lactobacillus saké 1T18 Screening experiment Group A Salmon juice,
' : (plant No. 1) ' (LAB cluster IB) ' salmon blocks, pro-
~. duction of H,S.
Lactobacillus curvatus 3N6 Screening experiment Group B Salmon juice
(plant No. 2)
Carnobacterium spp. 2T2 Screening experiment . Group E Salmon juice
(plant No. 1)
Lactobacillus saké/bavaricus S1.11 Storage experiment LAB Cluster IB  Salmon blocks
(plant No. 1) E -
Lactobacillus sp. (homofermenta- = Storage experiment » -LAB Cluster I = Salmon blocks
tive) R1.12 (plant No. 2) ’
Lactobacillus curvatus N1.4 Storage éxpe_riment LAB Cluster JA  Salmon blocks
oo e e e e (plant No. 3) - . L e
Serratia liquefaciens 2R4 - Screening experiment . Ent. Cluster IIB - Salmon juice, sal-
. (plant No. 1) mon blocks
Hafnia alvei S2.4 . Storage experiment Ent. Cluster [TA  Salmon blocks
: : " (plant No. 1) : , : ‘ :
Enteroba_c’ter agglomerans R3.3 Storage €xperiment Ent. ClusterI = Salmon blocks
i (plant No. 2) S
Serratia liquefaciehs N1.6 Storage éxpériment Ent. Cluster IIB - Salmon blocks
R - (plant No. 3) : ‘
Photobacterium phosphoreum P66  Autolysis experiment (dry - Salmon juice, sal-
salted, plant No. 1) mon blocks

a) Details on isolation, characteristics and tentative identity of strains in Truelstrup Hansen et al.
(1995b & c); b) Groups and clusters refer to study by Truelstrup Hansen et al. (1995c).

‘(TSA Oxord Umpath Ltd., Basmgstoke Hampshire, England) for Gram-negatlves or All
Purpose Tween agar (APT Difco) for Gram-positives, phase contrast microscopy and
appropriate biochemical tests (Gram reaction, morphology, catalase, ability to bioluminesce,
fermentation patterns etc.) using the techniques described by Truelstrup Hansen et al. (1995b

Inoculation, incubation and sampling.

Growth in salmon juice.

| Each of the test organisms (Tabie 1) were inoculated in two screw cap flasks with 225
ml salmon juice at levels of approximately 10* cfu/ml. The flasks were incubated in
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anaerobic jars (Oxoid) in 100% N, at 5°C 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% N, and incubation at 5°C continued. Two uninoculated flasks receiving identical
treatment served as control sampies. The production of off-odour was assessed after 15 days
by 3 judges. | '

Growth on salmon muscle blocks.

The test organisms (Table 1) were diluted in PS, and 2 portions of 0.05 - 0.1 ml of
-an appropriate dilution for achieving an inoculum of approximately 10° cfu/g salmon were
injected onto the surface of vacuum packed salmon muscle 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°C, and two vacuum packs per test organism were
withdrawn regularly and analyzed with microbiological and chemical methods (nucleotides,
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 controls.
Approximately 50% of these control samples were, however, found to support growth of
more than 10° cfd/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°C for 3
days or at 10°C 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.

139




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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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.
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slaughter° Comparlson of Listertest™ and the USDA-method |
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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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