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Production of biogenic amines during chill storage of 12 lots of cold-smoked salmon was studied.
These data allowed for a multiple compound quality index to be developed by multivariate regression
(partial least square regression). The quality index was based on concentrations of cadaverine,
histamine, putrescine, and tyramine and pH and showed good correlation with sensory assessments.
Biogenic amines were indicators of spoilage rather than casual agents of spoilage off-flavors. Four
different biogenic amine profiles were found at the time of spoilage in cold-smoked salmon. These
were the results of differences in the spoilage microflora. Histamine was detected above regulatory
limits but below toxic levels. Measurements of salt and dry matter for calculation of water phase
salt could be substituted by rapid water activity measurements.
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INTRODUCTION

Spoilage of cold-smoked salmon has been the subject
of several studies in recent years. Microbial activity is
found to be responsible for off-flavors produced at
spoilage (Truelstrup Hansen et al., 1996; Joffraud et al.,
1998; Leroi et al., 1998). A wide variety of bacterial
species can be isolated from cold-smoked salmon, and
some are potential spoilage organisms, i.e., Shewanella
putrefaciens, Aeromonas spp., Brochothrix spp. (Leroi
et al., 1998); Lactobacillus spp., Enterobacteriaceae,
Photobacterium phosphoreum (Truelstrup Hansen, 1995).
Despite this, spoilage reactions limiting product shelf
life remain poorly understood, and no objective index
for spoilage or indicator of quality has been identified.

Numerous individual chemical measurements are
used as indices of spoilage in cold-smoked salmon i.e.,
acetic acid, ethanol, hypoxanthine, trimethylamine, and
total volatile bases (Truelstrup Hansen, 1995). Unfor-
tunately, none of these parameters fulfill the general
requirements for chemical indicators of quality proposed
by Fields et al. (1968). Indices of quality relying on
several chemical compounds are suggested for tuna
(Mietz and Karmas, 1977; Veciana-Nogués, 1997). These
studies use the concentration of biogenic amines with
equal weights reflecting an assumption of equal impor-
tance for the different biogenic amines in the index,
which do not necessarily give the best correlation with
sensory quality.

Salmon has a high content of nonprotein nitrogen, in
which amino acids constitute a high proportion. Con-
centrations of arginine, histidine, lysine, and tyrosine
range from 20 to 150 ppm in wild and farmed Salmo
salar (Cowey and Daisley, 1962; Espe et al., 1993). At

the time of sensory rejection, cold-smoked salmon
harbor high numbers of bacteria of different genera
possessing decarboxylase activity. Consequently, pro-
duction of histamine and other biogenic amines during
storage of cold-smoked salmon is possible. Cantoni et
al. (1993) found up to 258 ppm of various biogenic
amines, i.e., cadaverine, histamine, putrescine, and
tyramine, in this product. However, the potential of
biogenic amines as objective indices of spoilage has not
been evaluated in cold-smoked salmon.

The objective of the present study was to develop a
multiple compound quality index for cold-smoked salmon
based on biogenic amine production and changes in
other chemical and microbiological parameters during
storage at 5 °C. Vacuum-packed and sliced products
were stored and analyzed for chemical, microbiological,
and sensory changes. Products from three smokehouses
were analyzed in initial storage trials to elucidate the
potential of different spoilage indices. Data from ad-
ditional storage trials were then used to develop the
multiple compound quality index. Chemical changes
analyzed include agmatine, cadaverine, histamine, pu-
trescine, tyramine, spermidine, spermine, and pH. Mul-
tivariate data analysis in the form of partial least
squares regression (PLSR) was used to correlate es-
sential information from 11 variables of chemical and
microbiological analyses to sensory changes.

MATERIALS AND METHODS

Samples of Cold-Smoked Salmon. Sliced vacuum-packed
cold-smoked salmon from three smokehouses were studied.
Salmon used was Norwegian farmed S. salar. Two distinct lots
from each smokehouse from 1997 (97-1 to 97-6) were frozen
and transported to our institute where each lot was thawed
overnight and stored at 5 ( 1 °C until 1-2 weeks after sensory
spoilage was evident. The temperature was continuously
monitored by temperature loggers (Tinytag, Gemini Ltd., UK).
One-and-a-half years later, two additional lots of cold-smoked
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salmon (98-1 to 98-6) were taken from the smokehouses, and
the experiments were repeated. Information on salting, drying,
and smoking processes used in the three smokehouses was
collected (Table 1). At appropriate intervals during storage,
samples were withdrawn for chemical, sensory, and microbio-
logical analyses. On each sampling occasion, two packs were
taken for microbiological analysis followed by chemical analy-
sis except at the time of spoilage in which three to four packs
were used. In addition, two different packs were taken for
sensory analysis.

Chemical Analysis. Direct electrodes were used to mea-
sure pH in three places per pack, and means were calculated
(PHC2431, PHC2441, PHM250, Radiometer, Copenhagen,
Denmark). From each pack, 50 g representing all slices in a
pack was homogenized and used for chemical analysis. Two
grams was used for water activity measurements using an
AquaLab CX2 (Decagon Devices, Inc., Pullman, Washington).
Biogenic amines in 15 g of homogenate were extracted with
30 mL of 7.5% (w/v) trichloroacetic acid. The extracts were
analyzed for agmatine (Agm), cadaverine (Cad), histamine
(His), putrescine (Put), tyramine (Tyr), spermidine (Spd), and
spermine (Spm) by HPLC on a reverse-phase column followed
by postcolumn derivatization using o-phthaldialdehyde. The
fluorescence intensity was measured at 354/430 nm. (Seiler
and Knödgen, 1980; Luten et al., 1992). Nitrite was analyzed
on fresh samples as previously reported (Dalgaard and
Jørgensen, 1998).

Sensory Evaluation. Panels of five to eight persons
experienced in seafood evaluation were used for the sensory
evaluations. At every evaluation, a sample from each produc-
tion lot stored at -30 °C was thawed and used as reference
sample (fresh). A three-class evaluation scheme was used:
class 1, no off-flavors, equal to the reference sample; class 2,
slight off-flavors but not spoiled; and class 3, clearly recogniz-
able off-flavors. A lot was classified as spoiled when 50% or
more of the panel members determined the samples to be in
class 3.

Microbiological Analysis. From each pack, 25 g of cold-
smoked salmon was taken aseptically, representing all slices
in the pack, diluted in 0.1% (w/v) peptone saline (0.85% NaCl),
and homogenized for 60 s in a Stomacher 400 Lab Blender. A
psychrotrophic bacterial count was performed on spread plates
of modified Long and Hammer’s medium (L&H) (van Spreek-
ens, 1974), which were incubated at 15 °C for 5-7 days. Pour
plates of nitrite actidione polymyxin agar at pH 6.7 (NAP6.7)
were used to determine numbers of lactic acid bacteria (LAB)
(Davidson and Cronin, 1973). Enterobacteriaceae were enu-
merated in pour plates of 5 mL of tryptone soya agar, which
after 2 h at 20-25 °C were overlaid by 12-15 mL of violet red
bile glucose agar (TSA/VRBG). Typical Enterobacteriaceae
colonies were counted after 2 days of incubation at 30 °C
(Truelstrup Hansen et al., 1996).

Water Phase Salt and Water Activity in Cold-Smoked
Salmon. The most important safety parameter in cold-smoked
salmon production is the amount of water phase salt in the
finished product (Huss et al., 1995). Unfortunately, salt
analysis is time-consuming and laborious. Therefore, the
relationship between water activity (aW) and water phase salt
was evaluated. Forty samples of cold-smoked salmon were
collected from 10 different smokehouses. These were homog-
enized in a domestic food processor and analyzed in duplicate
for salt content (AOAC, 1995a), dry matter (AOAC, 1995b),
and water activity using an AquaLab CX2 (Decagon Devices,
Inc., Pullman, Washington). Water phase salt was calculated
from salt content and percentage of dry matter of each sample.

Data Analysis. Chemical and microbiological data
(X variables) were used to predict results obtained from
sensory analyses (Y variable), i.e., percentage of panelists
rejecting the sample (%-class 3). The multiple compound
quality index was developed by PLSR on the chemical,
microbiological, and sensory data. Microbial counts were
analyzed as nontransformed and log-transformed, but this did
not affect the results. Chemical and microbial data were
centered and scaled by subtracting the mean and dividing by
the standard deviation of the concerned variable across all

samples. Full cross validation (leave one out) was used to test
the performance of the PLSR model, and the root-mean-square
error of cross validation (RMSECV) was used for assessing the
influence of simplifying the model by reducing the number of
original variables. Unscrambler version 6.1 (CAMO A/S,
Trondheim, Norway) was used for multivariate data analysis.
One-way ANOVA for repeated sampling was used to test
differences between fresh and spoiled samples. For these
calculations, Statgraphics Plus (version 7, Manugistics, Inc.,
Rockville, MD) was used.

RESULTS AND DISCUSSION

Development of a Multiple Compound Quality
Index. A PLSR model was calculated on the basis of
the original 11 X variables. A PLSR model with only
one latent variable described 70% of the variation in
the sensory data. The second latent variable only
accounted for an additional 4% point of the total
variation. Full cross validation of the one latent variable
PLSR model resulted in a RMSECV of 14.8%-class 3.
For reduction of the model, original variables were
eliminated. Special emphasis was paid to eliminate the
time-consuming microbiological parameters and to ob-
tain a robust chemometric model. Two simple models
could be obtained with little or no impact on RMSECV.
The first cold-smoked salmon quality index, CSS-QI5v
(eq 1) incorporated pH, cadaverine, histamine, pu-
trescine, and tyramine, and the second CSS-QI3v (eq 2)
used pH, tyramine, and histamine as original variables
into only one latent variable. These models had an
RMSECV of 15.0 and 14.8%-class 3, respectively, whereas
the average standard deviation for the sensory analysis
was 12%-class 3. Hence, the PLSR models could sub-
stitute for the sensory analysis, as it had errors of
prediction similar to the standard error of the sensory
data. The multiple compound quality indices have the
following notations:

where the response variable, CSS-QI is %-class 3
assessments, and concentrations of biogenic amines are
in ppm. The coefficients of histamine in eq 1 and eq 2
were 2-3 times higher than the coefficients of the other
biogenic amines. Thus, the production of histamine in
cold-smoked salmon was more important than other
biogenic amines for prediction of %-class 3 assessments.
CSS-QI5v and CSS-QI3v were successfully validated on
data from storage trials of lot 97-1 to 97-6 (Figures 1
and 2). The correlation between CSS-QI5v (r2 ) 0.79)
and CSS-QI3v (r2 ) 0.79) and sensory data was high as
compared to indices of Mietz and Karmas (1977), r2 )
0.34, and Veciana-Nogués et al. (1997), r2 ) 0.63
(Figures 3 and 4). The classical biogenic amine quality
index of Mietz and Karmas (1977) developed for tuna
has been suggested as a quality index for cold-smoked
salmon (Cantoni et al., 1993). Recently, Veciana-Nogués
et al. (1997) proposed another quality index based on
biogenic amines for tuna. These quality indices were less
applicable for quality assessment of chill stored vacuum-
packed cold-smoked salmon than CSS-QI. This was due
to elimination of irrelevant biogenic amines, adjustment
of the coefficient used, and inclusion of pH in the quality
indices. CSS-QI was intended to correlate with the

CSS-QI5v ) 200 - (31 × pH) + (0.06 × Tyr) +
(0.06 × Cad) + (0.04 × Put) + (0.15 × His) (1)

CSS-QI3v ) 298 - (47 × pH) + (0.10 × Tyr) +
(0.23 × His) (2)
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sensory score and not the storage time. Therefore, CSS-
QI can substitute sensory assessment in discrepancies
in trading, as chemical analysis is easier to compare
between parties. Further studies are needed to deter-
mine whether CSS-QI can be used on cold-smoked
salmon from other countries that might use different
raw material and processing technologies. In addition,
such studies will determine if CSS-QI can be reduced
from five variables to only three variables, which this
study indicates.

Production of Biogenic Amines during Storage.
Concentrations of agmatine, cadaverine, histamine,
putrescine, and tyramine in freshly produced products
were low, usually below 2 ppm. In contrast, spoiled
samples could reach concentrations of 300 ppm of the
individual biogenic amines (Table 1). Production of
various biogenic amines and ratios between them varied
considerably between the different production lots (Table
1). The concentrations of agmatine (P ) 0.0008), cadav-
erine (P < 0.0001), histamine (P ) 0.0009), putrescine
(P < 0.0001), and tyramine (P < 0.0001) increased
during chill storage, while the concentration of spermi-

dine (P < 0.0001) decreased and the concentration of
spermine (P > 0.1) remained constant. Agmatine con-
centrations peaked at the spoilage time but decreased
with additional storage of some lots. Although this was
the general trend, four different profiles of biogenic
amines (PBA) were found (Table 1). PBA I consisted of
high levels (g100 ppm) of agmatine, cadaverine, hista-
mine, and tyramine but low levels (e50 ppm) of pu-
trescine. PBA II consisted of high levels of cadaverine
and tyramine but low levels of agmatine, histamine, and
putrescine. PBA III consisted of high levels of cadaver-
ine, putrescine, and tyramine but low levels of agmatine
and histamine. PBA IV consisted of high levels of
tyramine but low levels of agmatine, cadaverine, his-
tamine, and putrescine (Table 1). Production of biogenic
amines results from microbial activity (Silla Santos,
1996; Taylor, 1986). These findings suggest that highly
variable and complex microbial activities occur during
spoilage of chill stored vacuum-packed cold-smoked
salmon. Further studies of the spoilage flora will show
how these four PBA relate to the scenarios for spoilage
microflora development (Truelstrup Hansen, 1995; Tru-
elstrup Hansen et al., 1996, 1998; Paludan-Müller et

Figure 1. Correlation between the multiple compound quality
index CSS-QI5v (eq 1) based on cadaverine, putrescine, hista-
mine, tyramine, and pH and percentage of class 3 sensory
assessments of cold-smoked salmon. Samples were from stor-
age trial of lot 97-1 to 97-6 (circles) and 98-1 to 98-6 (squares),
r2 ) 0.79.

Figure 2. Correlation between the multiple compound quality
index CSS-QI3v (eq 2) based on histamine, tyramine, and pH
and percentage of class 3 sensory assessments of cold-smoked
salmon. Samples were from storage trial of lot 97-1 to 97-6
(circles) and 98-1 to 98-6 (squares), r2 ) 0.79.

Figure 3. Correlation between the quality index of Mietz and
Karmas (1977) and the percentage of class 3 assessments of
cold-smoked salmon. Samples were from storage trial of lot
97-1 to 97-6 (circles) and 98-1 to 98-6 (squares), r2 ) 0.34. The
data point (100; 142) was out of range.

Figure 4. Correlation between the quality index of Veciana-
Nogués et al. (1997) and the percentage of class 3 sensory
assessments of cold-smoked salmon. Samples were from stor-
age trial of lot 97-1 to 97-6 (circles) and 98-1 to 98-6 (squares),
r2 ) 0.63.

Spoilage of Cold-Smoked Salmon J. Agric. Food Chem., Vol. 48, No. 6, 2000 2451



al., 1998; Leroi et al., 1998; Truelstrup Hansen and
Huss, 1998).

Sensory Importance of Biogenic Amines. Con-
centrations of biogenic amines correlated well with
sensory analysis but are not necessarily the casual
agents of spoilage off-flavors. In fact, preliminary ex-
periments at our institute showed that these biogenic
amines could not be the casual agents of the spoilage
flavors in cold-smoked salmon. As much as 700 ppm of
cadaverine, putrescine, histamine, or tyramine added
to fresh cold-smoked salmon homogenates showed no
sign of off-flavors. This was supported by published
flavor threshold values, in which the odor detection
threshold of cadaverine in water has been estimated to
be 20-190 ppm, which is similar to values determined
for putrescine in water, i.e., 15-22 ppm (Wang et al.,
1975; Holluta, 1960; Amoore et al., 1975). These values
are most likely higher in cold-smoked salmon, e.g., the
odor detection threshold for putrescine was 5-fold higher
in 2% soybean suspension as compared to water. The
recognition taste threshold for histamine and tyramine
in water is higher than concentrations found in spoiling
cold-smoked salmon, i.e., 1100-2200 ppm and 270-340
ppm, respectively (Wieser and Berlitz, 1975). Although
biogenic amines are not responsible for spoilage off-
flavors, concentrations of biogenic amines correlated
with the development of spoilage off-flavors in this study
and others (Mietz and Karmas, 1977; Sims et al., 1992).

Water Phase Salt and Water Activity in Cold-
Smoked Salmon. Water phase salt and water activity
of cold-smoked salmon ranged from 3 to 12.6% water
phase salt (WPS) and 0.923-0.980 aW, respectively.
Data from vacuum-packed cold-smoked salmon com-
pared well with the results of NaCl in water by Chirife
and Resnik (1984), which suggest that WPS is deter-
mining water activity in this product (Figure 5). Chirife
and Resnik’s data fitted a quadratic equation (eq 3, r2

) 0.99). In cold-smoked salmon, however, a straight line
fitted data just as well (eq 4, r2 ) 0.95) as a quadratic
equation (eq 3, r2 ) 0.95).

Measurement of water activity can therefore substi-
tute the laborious analysis of salt content and dry

matter used for verification of the salting process of cold-
smoked salmon.

Shelf Life. Shelf life of the chilled products was
determined by the sensory panel to be between 3 and 9
weeks (Table 1). Lot 97-1 was rejected because of soft
texture and off-flavors. The remaining lots were rejected
only because of off-flavors, although these developed a
soft texture during the storage period (Table 1). The
spoilage off-flavors and shelf life detected in this study
were similar to those reported by others (Truelstrup
Hansen et al., 1995, 1996, 1998; Paludan-Müller et al.,
1998).

Microbiological Growth and Spoilage Micro-
flora. Microbial counts of cold-smoked salmon showed
a variable initial contamination ranging from 102 to 105

CFU/g on L&H (results not shown). During the first two
weeks of storage, bacteria in the product grew and
reached counts of 107-108 CFU/g on L&H, which
remained at this level until spoilage several weeks later
(Table 1). Although this was the general pattern,
variation in composition of the microflora between lots
was observed. Production of biogenic amines during
storage revealed four different profiles of biogenic
amines (Table 1). Products with PBA I were character-
ized by a total psychrotrophic count (TPC) of 106.9-107.8

CFU/g and a LAB count equal to TPC. Colony morphol-
ogy on L&H revealed a mixed flora of pinpoint and big
opaque colonies likely to be LAB and Gram negative
bacteria, respectively. Enterobacteriaceae counts on
TSA/VRBG were low, e104 CFU/g, and not important
for the microbial activity except maybe for lots 97-2 and
98-2, which had a TSA/VRBG count of 5 × 106 CFU/g.
Total psychrotrophic counts of cold-smoked salmon with
PBA II or III were 107-108.5 CFU/g consisting of
pinpoint colonies. LAB counts were equal to TPC. In
comparison to PBA I, the Enterobacteriaceae counts of
PBA II and III were high, 106-106.5 CFU/g. Conse-
quently, spoilage microflora of PBA II and III consisted
of LAB (90-99%) and Enterobacteriaceae (1-10%).
Cold-smoked salmon of lot 97-3 (PBA IV) had LAB
counts equal to TPC and no detectable Enterobacteri-
aceae, <103 CFU/g. In this lot, LAB dominated the
microflora (g99%). Spoilage microflora of PBA I, PBA
II and III, and PBA IV corresponded well with the
scenarios for spoilage microflora development in cold-
smoked salmon, as proposed by Truelstrup Hansen
(1995). However, more detailed studies are required to
determine the specific spoilage organisms responsible
for biogenic amine production in cold-smoked salmon.

CONCLUSION

A multiple compound quality index developed from a
combination of biogenic amines and pH can be used to
determine the sensory quality of cold-smoked salmon.
This multiple compound quality index fulfills the cri-
teria put forward by Fields et al. (1968) for single
compound quality index, i.e., the index should be low
in fresh cold-smoked salmon and increase during spoil-
age, be produced by the dominating spoilage microflora,
and be as reliable as sensory assessment. The suggested
multiple compound quality indices (eq 1 and eq 2) rely
on measurements that may be carried out by direct
electrode (pH) and biosensors for biogenic amines
(Chemnitius et al., 1992) and are therefore of practical
use for quality inspection.

Production of biogenic amines in cold-smoked salmon
during chill storage is unlikely to result in histamine

Figure 5. Correlation between water activity and water phase
salt of cold-smoked salmon (squares) and data from Chirife
and Resnik (1984) on salt in water solutions (circles).

aW ) 1 - (0.005 × WPS) - (1.3 × 10-4 × WPS2) (3)

aW ) 1.006 - (0.0064 × WPS) (4)
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poisoning in humans as indicated by epidemiological
data (Bartholomew et al., 1987; Scoging, 1998; Smart,
1992). Some samples exceeded histamine defect action
levels of 50 ppm laid down by the FDA for Scombridae
and 100-200 ppm by EU regulations for Scombridae
and Clupeidae, but no samples reached toxic levels of
500 ppm (FDA Compliance Policy Guide Sec. 540.525;
Directive 91/493/EEC; Taylor, 1986).
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