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ABSTRACT

Current inspection of salmon quality relies on sensory evaluation, which is
subjective and difficult to quantify. The purpose of this study was to obtain predictive
models of odor changes of salmeon fillets stored at different temperatures using an
electronic nose (EN) and sensory evaluation data.

Fresh Atlantic salmon fillets were stored at 1.8°, 7° and 11.7°C. Fillets were
evaluated for odor attributes by an EN with twelve conducting polymer sensors and
a trained sensory panel. Two variable temperature storage studies were done to test
the predictive models of odor evaluation.

The response of the sensors to sample headspace volatiles was acquired and
analyzed with discriminant function analysis. Results showed good correlations of EN
data with both sensory grades and storage time. Variable temperature storage studies
demonstrated that the discriminant functions obtained in this study were able to
predict sensory grade of salmon fillets from EN data with classification rates higher
than 82%.

This study suggested that the EN could correlate the odor of salmon fillets with
storage time and with grades from sensory evaluation by using discriminant analysis
as the pattern recognition technique.

INTRODUCTION

Fresh salmon of high quality is a valuable commodity worldwide. In 1992 the
world commercial catch of salmon was 1,478,000 metric tons, which increased to
2,101,000 metric tons in 1996. In 1996 the United States (US) commercial landings
of salmon represented 20% of the world production, with 398,000 metric tons valued
at $369 million. The same year, the US imported $305 million of salmon, the 4%
largest imported fishery product by value. In 1996 salmon was the most important
fishery product of export for the US, which generated $469 million [1].

Current inspection of salmon quality relies on sensory evaluation by inspectors
who evaluate the fish for visual, smell and texture attributes. Subjective evaluations
make current inspections susceptible to error, difficult to quantify and to compare with



standards worldwide. Moreover, chemical analyses are seldom used by the salmon
industry due to the complexity and length of methods. Therefore, there is a need for
objective and rapid methods to evaluate the quality of raw salmon that can assist in
the development of common standards between the industry, government and
international markets.

The odor of seafood products has been widely used as one of the main indicator
of quality since ancient times [2]. Fresh seafood has been defined as fish that exhibits
a clean, natural odor and physical characteristics representative of the species in good
condition [3]. Researchers have tried to find a chemical analysis that can be
correlated to that clean, natural odor and that could be used as an index of quality to
evaluate seafood products. Some of the methods considered were trimethylamine
oxide [4], volatile amines [5], ammonia and total volatile nitrogen [6], hypoxanthine
[7], ethanol [8], among others.

Recent developments of sensor technology and electronic noses (EN) have many
potential applications in the food industry [9]. Even though EN is a rapid and
objective method that could be used to quantify odors, little work has been published
which shows correlation of EN sensor outputs and sensory results in seafood products.
In the food area, EN has been applied to the evaluation of odor of shrimp [10],
monitoring of haddock and cod freshness [11], recognition of fish storage time [12],
quality estimation of ground beef [13], monitoring the flavour and aromas of beer and
its raw materials [14], [15], classification of grains [16], volatiles of fresh squeezed
orange juice [17], among other studies.

The objectives of this study were 1) to measure and obtain predictive models of
odor changes of salmon fillets stored at different temperatures with an EN: 2) to
correlate these objective measurements with sensory evaluation data; and 3) to test the
predictive models with salmon fillets stored in variable temperature environments.

METHODS
SALMON SAMPLES AND STORAGE CONDITIONS

Atlantic salmon (Sa/mo salar) fillets (1.5-2 kg each) from Chile were obtained
fresh, within 48 hrs of harvest. Fillets were cut into three pieces from head to tail.
The portion closest to the head was used for this study. The portions were stored in
cold rooms set at: 1.8°, 7°and 11.7°C, and kept for 10, 7 and 5 days, respectively. Six
fillet portions (replicates) were used for each storage temperature.

Two variable temperature storage studies were also done to test predictive models
for odor changes from the discriminant functions. The 1* set of fillets was kept at
1.8°C for the 1% day, then at 11.7°C during the 2% and 3 days, and at 1.8°C for the
rest of the study until day 7. The 2* set was kept at 1.8°C for the 1* two days, then
at 11.7°C during the 3" day and at 1.8°C for the rest of the study until day 10.

Moisture content of the fillet portions was measured in triplicate at days 1, 4, 7
and 10 during storage using the oven method. Water activity (a,) was measured in
duplicate using a Rotronic Hygroscop DT (Rotronic, Huntington, NY).



SENSORY EVALUATION

The odor of the fillet portions was analyzed by a 6-member trained sensory panel.
Panelists were trained before the study with salmon fiilets obtained from the same
supplier using a 10-point scale, where 1 = mild, seawater and typical fresh fish odor,
and 10 = putrid offensive odor. Values between 2 and 3 were described as mild fishy
odors, between 4 and 5 as stronger less pleasant fishy smell, 6 and 7 as souring fishy
smell, and above 8 were described as strong sour, rancid and putrid odors. Samples
were evaluated for odor every day during the study. All 6 panel members smelled the
fillets together and reached a common decision.

The USA Food and Drug Administration (FDA) evaluates the odor of fishery
products based on 3 categories : class I, class II and class III [18]. The 10-point
sensory scale used in this study was condensed to the 3 FDA classes. Class I odor was
samples with sensory grade from 1 to 4 (named grade ‘A’ in this study); Class I odor
ranged from 5 to 7 (grade *B’); and Class III odor ranged from 8 to 10 (grade ‘C’).

ELECTRONIC NOSE MEASUREMENTS

An e-NOSE model D (EEV Inc, UK) equipped with 12 conducting polymer
sensors was used to quantify the sensor responses to odor changes in salmon fillets
during storage. A 60-g piece of salmon fillet was taken out of the cooler one hour
prior to analysis to let the sample equilibrate to room temperature (21.6 to 22.6°C).

Six replicates were analyzed on each day for each temperature storage, and 3
replicates were done for both of the variable temperature studies. The piece of salmon
was placed in a 140-ml beaker and placed in the sampling vessel of the EN. Every
day prior to the experiments the EN was turned on and compressed air was passed
through the sensors for 20 minutes. For each replicate, the vessel and head were
purged with compressed air for 2 and 4 minutes respectively. During head purging,
the sample volatiles were equilibrating in the headspace of the vessel. Then, sensor
response data was acquired for 3 minutes. Total analysis time for each sample took
9 minutes. Readings at 3 minute exposure of the sensors to the samples were used for
data analysis.

DATA ANALYSIS

Analysis of variance (ANOVA) was used to test differences in moisture content
and a,, during storage. Sensor readings and sensory data were analyzed in Statistica
for Windows (Ver. 4.5, StatSoft Inc., Tulsa, OK) using discriminant function analysis
(DFA) to develop predictive models for classification of samples based on the three
odor groups (grade A, B, or C), and storage time. The 12 sensor outputs were reduced
to 2 discriminant functions. Correct classification rates and the coefficients for each
function were obtained. The sensor data from the two variable temperature studies
were not included in the data set to obtain the discriminant functions for the model.
Instead, these were used for validation, i.e. to determine whether the discriminant



functions provided reliable means of classifying these salmon fillets into one of the
sensory grades {grade A, B, or C).

RESULTS AND DISCUSSION

Conducting polymer sensors can respond to changes in humidity of the headspace
of the sample being analyzed [19], [20]. This study monitored the humidity of the
samples analyzed. Moisture content and water activity of the salmon fillets did not
change with storage time for any of the three temperature storage conditions, and for
the two variable temperature studies (Table [). ANOVA could not detect differences
(p=0.03). The average moisture content of the salmon fillets was 72% (wet basis).
The average water activity was 97.4%.

Table I. Moisture content (% wet basis) and relative humidity (%) of salmon fillets during storage at
different temperatures. (% = std. deviation, n = 3).

Stc_mge Storage Temperature
time

(days) 1.8°C 7°C 1.7°C Vartemp.1 Var temp.2
1 %H0 725+£185 689108 716+194 737+030 723+238
% RH 974+£014 971000 973+021 972007 972x007
4 %HO 727150 T08+125 724107 738+054 728+014
% RH 974x121 97.3+0.21 972+007 974:+0.14 97.5+0.07
7 %H,O 7210353 709+ 0.89 - 707+£136 694+0.72
% RH 974+£0.14 973007 - 97.4 £ 0.21 97.3£0.07
10 %H,0 73.6+£026 - - - 73.1+1.38
% RH 97.4+£0.14 - - - 97.4+0.07

{%sRH measured at 24° + 0.5°C)

Figure 1 shows the DFA results correlating EN readings to sensory data at each
storage temperature. The twelve sensor outputs were reduced to two discriminant
functions to produce points which were mapped on the two-dimensional plots. Forthe
three storage temperatures 1.8°, 7° and 11.7°C, DFA clearly separated the data into
the three grades A, B, or C. The correct classification rates for the discriminant
functions were 93.3%, 92.9% and 96.7% for the 1.8°, 7° and 11.7°C storage
temperatures, respectively (Table II). Results from the DFA of the lowest storage
temperature data (1.7°C) show some overlap of sensory grades. Data classified as
grade A were uniformly distributed, forming a circular cluster of data. However,
samples classified as grade B and C are spread out in long elliptical clusters,
overlapping with each other and with the grade A cluster. This overlap could be due
to the fact that sensory analysis was carried out by panelists that may have mis-
classified some samples, since change in smell is not as drastic at low temperatures.
For the 7° and 11.7°C storage temperatures, separation into the three sensory grades
was very clear. As expected, the distance between the cluster from grade A and grade
C was greater when compared with grade B.



Table I1. Correctly classified cases obtained from the classification matrix for the DFA of EN readings
compared with sensory grades. (Values are % of correctly classified samples).

Class 1.8°C 7°C R e‘:la‘mmt :ex:pT;z;sz
{sensory score) (n=60) {(n=42) {n=30) (n=132) (n=51)
A (1-4) 95.2 88.9 100.0 792 86.7
B (5-7) 91.7 100.0 91.7 90.0 83.3
C (8-10) 833 544 100.0 90.0 792
Overail 93.3 92.9 96.7 84.1 82.4

n = number of EN readings used to obtain the discriminant fnctions
' data for 1.8°, 7° and 11.7°C pooled together
" data from both variable temperature studies pooled together

Data from the three storage temperatures were pooled together and analyzed with
DFA. The correct classification rate in this case was 84.1%. As expected, the correct
classification rate is lower since there is increased variability due to the combination
of all the odors from each temperature. During sensory evaluation of the salmon
fillets, panelists detected differences in odors between temperatures. The putrid odor
at 1.7°C which was given a score of 8 or 9 was different from the putrid odor at
11.8°C with the same sensory score. At different storage temperatures there will be
selective growth of different types of microflora (psychrophilic and mesophilic
microorganisms), and the metabolites from them will be different. In addition,
reaction rates at the three temperature storage conditions are different. At the highest
temperature condition (11.7°C), panelists detected a stronger rancid odor compared
to those at lower temperatures.

Variable temperature storage studies demonstrated that the discriminant functions
obtained in this study were able to predict the sensory grade of salmon fillets from EN
data with an accuracy of 82.4%. The functions used to perform the validation of the
data were those obtained by pooling the three storage temperatures data together.
From the 51 EN readings from the two variable temperature storage studies, 42
readings were correctly classified based on sensory grades given by panelists. This
value is close to the 84, 1% correct classification rate obtained in the model. Therefore,
17 from every 20 fillets evaluated using the predictive model developed will be
correctly classified according to sensory grade.

Salmon odor was also changing with storage time. At the lowest temperature
(1.7°C), some panelists could not detect differences in odor between consecutive days.
However, the EN was able to detect differences between the odor of salmon at the
different days of storage. DFA was used to calculate two discriminant functions that
described the correlation between EN readings and storage time for each storage
temperature data. The correct classification rates for the discriminant functions were
93.3%, 97.6% and 100% for the 1.8°, 7° and 11.7°C storage temperatures, respectively
(Table III). Figure 2 shows a clear discrimination between days in storage. In all three
temperatures the cluster for day one is further apart than the other days. All other days
formed individual clusters with little or no overlap, meaning that there were distinct
differences in the sensor readings for each day of storage.



Table l1I. Correctly classified cases obtained from the classification matrix for the DFA of EN readings
compared with storage time. (Values are % of correctly classified samples).

(srorcai:;ut?:le in l.-8°C 7_°C ; 1;70(:
) (n=60) (n=42) (0=30)
1 100.0 106.0 100.0
2 100.0 100.0 100.0
3 100.0 100.0 100.0
4 100.0 100.0 100.0
5 233 833 100.0

6 833 100.0 -

7 100.0 100.0 -

8 833 - -

9 100.0 - -

10 833 - -
Overall 933 97.6 100.0

n = nutnber of EN readings used to obtain the DFA finctions

This study showed that the EN was able to correlate the odor of salmon fillets
with storage time and with grades from sensory evaluation by using DFA as the pattern
recognition technique. These results could be used to develop methodologies to assist
in the objective and repeatable quality evaluation of salmon. This method has
potential in industrial and regulatory application where rapid response, no sample
preparation, no requirements for chemicals, and no technical expertise to run the
system are required.

This study showed the feasibility of using EN technology to evaluate odors of
salmon fillets. However, further work is needed to accumulate extensive data sets that
could be used to predict the sensory grade of salmon taking into account different
species, origins, season of harvest, age of fish, growing environment (aquaculture or
wild), etc. It is expected that including all these variables will affect the correct
classification rate. It is also crucial to test the transportability of the model from one
EN system to another. This is critical in demonstrating the feasibility of using EN
based inspections and evaluations in commercial settings.
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Figure 1. DFA of salmon odor based on sensory grades and EN readings
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Figure 2. DFA of salmon odor based on storage time and EN readings
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