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Development and Application of Quality Index
Method Scheme in a Shelf-Life Study of Wild
and Fish Farm Affected Bogue (Boops boops, L.)
Tanja Bogdanovíc, Vida Šimat, Ana Frka-Roíc, and Ksenija Markovíc

Abstract: Quality index method scheme was developed for raw bogue (Boops boops) and evaluated it in a shelf-life
study, using samples from wild fish aggregations at fish farms (BF) and from area not influenced by the fish farms (BW).
Different environment influenced the shelf life of bogues; thus the maximum ice storage, evaluated from cooked samples,
was found to be 17 d for BF and 12 d for BW. The calculated quality indexes (QIs) evolved linearly with storage time on
ice (QIBF = 0.968x + 0.583, R2 = 0.947, Std. Err. Est. = 1.41; QIBW = 1.212x + 0.474, R2 = 0.972, Std. Err. Est. =
0.95). The multivariable analysis was used to identify the most effective variables during spoilage evolution. The sum of
all demerit points showed higher correlation (R > 0.99) then any single parameters itself, indicating that the individual
parameters could not replace the usage of 20 demerit points QIM scoring scheme in sensory assessment. The impact of
farming cages was observed in fat (BF > 19%; BW < 2%) and water content (BF = 55%; BW = 77%) of bogues, but also
in pH, dielectric properties, thiobarbituric acid index, and volatile amine changes. High correlations of these parameters
with storage time and sensory assessment were observed.

Keywords: bogue, fish farm impact, quality index method, shelf life

Practical Applications: The catch landings of bogue make this species very important in the Mediterranean fishery
production. The effect of finfish farms makes individual fish samples of this species different in size and chemical content,
thus changing the rate and in which their postmortem changes occur. The practical use of the article is a new developed
and species adopted descriptive scheme for bogue, ready to use for scientific and industrial freshness assessment providing
the information on fish quality and its remaining shelf life in ice, taking into account the environmental conditions such
as catching ground.

Introduction
Bogue (Boops boops, L.) belongs to the Sparidae family and is

relatively important commercial species in Mediterranean coun-
tries with a yearly catch registered at 34 to 35 thousand tons (FAO
2010). Finfish farms affect the presence and abundance of wild
bogues assemblages in a given area (Arechavala-Lopez and others
2011). Some fish species caught around the cages were reported
to differ in their physiology and lipid content from the natural
populations (Fernandez-Jover and others 2007). The scientific lit-
erature on the organoleptic difference of wild and cultured fish ex-
ists for several economically important species (Grigorakis, 2007);
however, no data are available on sensory, physical, and chemical
changes of wild fish affected by the farming cages.

Sensory evaluation is the most commonly used method for the
quality assessment of raw fish and has always been regarded as
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the primary way to evaluate seafood freshness. Evaluation proce-
dures for raw fish should be rapid, reliable, simple to apply, and
specific for particular fish species. Quality index method (QIM)
is a freshness grading system for seafood that encompasses these
characteristics and is recognized as reference method in sensory
research (Ólafsdóttir and others 1997; Martinsdóttir and others
2001). Based on the evaluation approach, postmortem changes
in external appearance, odor and texture, are evaluated accord-
ing to species related descriptors. The scheme is designed so that
the quality parameters of very fresh fish receive zero points. De-
terioration progress with storage time would be described with
maximum of 3 demerit points at spoilage, with the quality in-
dex (QI) increasing linearly with storage time in ice. The sensory
analysis of cooked fish is necessary to determine the maximum
storage time. The Torry freshness score sheet is used to esti-
mate the freshness of cooked fish (Ólafsdóttir and others 1997).
Scores are given from 10 (very fresh in taste and odor) to 3
(spoiled). This scale has been developed for lean, medium fat,
and fat fish species (Huss 1995). To assess fish quality, physical, and
chemical postmortem changes should be correlated with sensory
assessment.

The aim of this study was to develop the QIM scheme for raw
bogue from Adriatic Sea and evaluate it in a shelf-life study. In
order to gain further information about the environmental effect

C© 2012 Institute of Food Technologists R©
doi: 10.1111/j.1750-3841.2011.02545.x Vol. 00, Nr. 0, 2012 � Journal of Food Science S1
Further reproduction without permission is prohibited



S:Sensory&
Food

Quality

Quality index method scheme for bogue . . .

(farming cages) on postmortem changes of bogue differences in
sensory properties, proximate composition, physical, and bio-
chemical quality parameters between samples aggregated around
fish farming cages and samples from the area not influenced by the
farming cages were compared.

Materials and Methods

Fish samples
A total of 856 gillnet caught bogues (Boops boops) divided into

3 different batches were used in the experiment: 432 fish were
caught from populations aggregated around fish farming cages of
Sparus aurata and Dicentrarchus labrax (BF), located in the East-
ern Adriatic, southwest of the island of Brač and the other 424
fish were caught of the southeast coast of the same island in the
area not influenced by the fish farming cages (BW). The fish
were caught during February/March of 2009 and 2010, at the
beginning of their spawning period; however, the maturity of the
samples was not determined. Ungutted fish were placed in self-
draining polystyrene boxes, stored in flake ice, and delivered to
the laboratory (within 3 to 4 h after harvest). The total length and
weight of the samples were recorded. The age was determined on
scale readings collected from 600 samples following the procedure
previously described by Abecasis and others (2008). The boxes
were held in cold storage at 1(±1) ◦C and fresh ice was added
daily. Very thin films (PE-LD) were used to avoid direct contact
of ice with the fish.

Quality index method
The QIM scheme was developed using 2 different samples (BW

and BF), following the 3 steps of QIM scheme development ac-
cording to the methodology earlier described by Martinsdóttir and
others (2001) and Hyldig and others (2007). For preliminary as-
sessment stage 144 fish (72 BF and 72 BW) were used; for panelist
training and testing of preliminary scheme 200 fish and 120 fish
were used for shelf-life study.

The preliminary assessment stage included the preparation of the
preliminary QIM scheme for sensory evaluation of fresh bogue.
All observations were carried out following the general guidance
for the design of test room and testing conditions described in
ISO 8589 (1988). Every day, 4 fish were randomly chosen and
examined by 2 sensory experts of Centre of Marine Studies, Univ.
of Split, both with good use of vocabulary and knowledge of
the fish species. Major sensory changes in appearance, odor, and
texture were selected among the listed attributes and described in
detail in preliminary scheme. A score from 0 to 3 demerit points
was given for every change of evaluated parameter.

The 2nd step of the QIM development included training of
the panelists and testing of the preliminary scheme. A new panel
consisted of 6 assessors (4 women, 2 men) with prior training in
usage of QIM schemes for other fish species. The selection and
training of the panel members was carried out during 3 training
sessions according to ISO 3972 (1991) and ISO 8586 (1993). The
preliminary scheme was explained to the panel members during
the 1st training session and the panelists were familiarized with
6 groups of bogues in different stages of freshness stored between
2 and 21 d in ice. The following 2 sessions included evaluation
of the samples without knowledge of the samples’ storage time or
“type.” The testing of the preliminary scheme was done at fixed
time intervals, a total of 128 fish (8 BF and 8 BW per day) were
examined after 0, 2, 5, 8, 11, 14, 16, and 18 d in ice. Panel leader
prepared the final version of the QIM scheme taking into account

all comments, suggestions, and improvements made by the panel
members. The final scheme was presented to the panel members
on the last day of training.

During the shelf-life study the sensory evaluation of 16 (8 BF
and 8 BW) randomly chosen bogues was carried out on each
sampling day (0, 2, 5, 8, 11, 14, and 16, plus on day 18 for BF). The
6 assessors were not provided with any information on the storage
time or “type” of the bogue. The fish were placed on evaluating
tables 15 min before evaluation, coded with 3 digit numbers and
all panelists assessed every sample of a given bogue according to
the newly developed QIM scheme. The data obtained in this step
were used to calculate the calibration curve of QI scores.

The maximum storage time of bogues was determined on the
same days as QIM assessment by sensory evaluation of cooked
samples. Eight randomly chosen bogues (4 BW and 4 BF) were
selected and filleted. The dorsal half of each fillet was placed in a
plastic bag, followed by water (ratio 1 : 2), closed and cooked in a
microwave oven (Samsung, model M1610N, Malaysia) for 3 min
(600 W). After 5 min of cooling, 6 panelists (3 women, 3 men)
with previous experience in fish sensory assessment evaluated the
odor, flavor, and texture using the Torry Score sheets we adopted
for BW and BF samples (Table 1). Each panelist evaluated 4 fillets
of cooked bogue, coded with random 3-digit numbers without
information about the storage time or “type” of the bogue. An
average score ≤5.5 was used as the sensory rejection point, for
both groups of fish.

Physical and chemical analysis
During the shelf-life study proximate composition, dielectric

properties, pH, and secondary lipid oxidation compounds and
volatile amine content of both fish groups (BW and BF) were
investigated. Randomly chosen bogues (8 BW and 8 BF) were
selected on days 0, 2, 5, 8, 11, 14, and 16 of the experiment. Ad-
ditionally BF samples were taken on day 18. Fish were filleted (with
skin on) and homogenized in a cutting mill (GRINDOMIX GM
200, Retsch, Germany). Homogenates were used for all chemical
analysis. All analyses were done in triplicate.

The proximate composition was determined as water content
(drying the samples at 105 ◦C to constant weight), crude pro-
tein (Kjeldhal method, N × 6.25) and crude ash (calcinations at
temperatures ≤ 500 ◦C) (AOAC 2000). The lipid content was
determined using a method by Bligh and Dyer (1959).

Changes in the dielectric properties of BW and BF samples were
determined using GR Torrymeter (Distell Industries Ltd., West
Lothian, Scotland) before the preparation of homogenates. Three
measurements were obtained on each of 16 ungutted bogues by
applying the sensor head of the instrument above and parallel to
the lateral line, just behind the gill cover. Instrument readings were
read on a digital display. Higher readings indicated fresher fish.

The pH was measured using digital pH meter (Iskra pH-Meter
MA 5705, Kranj, Slovenia), equipped with glass electrode, cali-
brated at 4 and 7. The electrode was dipped into the mixture of
fish and distilled water (1 : 1), at ambient temperature (Lougovious
and others 2003).

Thiobarbituric acid index (TBA) was determined as previously
described by Vyncke (1970) and Lemon (1975), using spectropho-
tometer (PRIM Advanced, Secomam, France). Trichloracetic acid
(100 g/L) has been used for the extraction procedure. Additionally,
antioxidant propyl gallate (1 g/L) and chelating agent ethylenedi-
aminetetraacetic acid (1 g/L) were added into TCA solution to
lower the possibility of erroneously formed malondialdehyde or
other TBA reactive substances during blending and filtering of the
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sample. Results were expressed as mg malondialdehyde/kg muscle
(mg MA/kg).

Total volatile base nitrogen (TVB-N) and trimethylamine ni-
trogen (TMA-N) were determined by direct distillation of de-
proteinized fish extracts in automatic Kjeldahl distillation unit
(B-324, Büchi, Switzerland) and titration (Methrom 702 SET /
MET titrino) against hydrochloric acid, as previously described
in Šimat and others (2009). Results were expressed as mg
TVB-N/TMA-N per 100 g fish muscle.

Data analysis
Sensory assessment. Data obtained from the developed

scheme were fitted to time-dependent linear regression analy-
sis, and best fitted equation and correlation coefficients (R) be-
tween QI and Torry score and time in ice were calculated using
Statistica R© 8 (StatSoft Inc., Tulsa, OK, U.S.A.) software package.
The individual assessor’s ability to detect differences between the
cooked samples for a given attribute was determined using Pan-
elCheck program. To determine the precision (standard error of
estimate) of the prediction by newly developed QIM scheme, QI
results were submitted to partial least-square regression (PLS). The
evaluation of importance for each sensory parameter was deter-
mined by principal component analysis (PCA) on a matrix with
104 objects (BF and BW samples) and 12 variables. Before PCA
the variables were standardized to mean of zero and variance of
one. Statistical difference in parameter changes over time was de-
termined using one-way analysis of variance (ANOVA) followed
by a least significance difference test at 95% confidence level.

Biochemical determinations. All results obtained from the
analysis were reported as means ± standard deviations. Unless
stated otherwise, statistical differences between the different sets
of data (freshness results, proximate composition analysis between

days, changes of biochemical measurements) were determined by
performing analysis of variance (one-way ANOVA), followed by a
least significance difference test at 95% confidence level. Data from
Torrymeter measurements were described using linear regression
model. Pearson’s correlation coefficients were used to compare
physical and chemical measurements to sensory panel results. All
analyses were done using Statistica 8 R© (StatSoft Inc.) software
package.

Results and Discussion
Average length and weight of BF were 29.9 ± 1.9 cm and

342.8 ± 73.9 g. The corresponding values for BW were 19.5 ±
1.3 cm and 77.6 ± 14.1 g. At the end of shelf life the age of bogue
samples was successfully determined from scale readings. The dif-
ferences in weight and length among individual fish from each
group were small, thus the age of the samples differed regarding
to the capture ground. The observed age was 10.2 ± 1.1 (BF) and
3.7 ± 0.9 (BW) y.

Quality index method
The preliminary scheme consisted of 11 parameters; however,

during the development of the scheme, 9 parameters were defined
as distinguishable: skin appearance and odor, texture, blood on
neck, eyes color and form, gills color and odor, and vent appear-
ance. Modifications were done in general appearance. Blood on
neck was added as new character showing clear evolution during
storage and expressed as percentage. The scores for texture were
reduced to 2 points because soft texture was not observed. In eyes,
scores were added to color due to regular evolution throughout
the ice storage. The scores for odor were added to gills, in order
to present the changes more precisely. Viscera odor and viscera
appearance were not considered in the final QIM scheme because

Table 1–Modified sensory assessment score sheets for cooked bogue samples (according to Huss (1995)).

Bogue
Sample Score Odor Flavor Texture

BFa 10 Fresh oil, marine, creamy, characteristic
of cooked BF

Characteristic for the species, shellfish
like; slightly bitter, slight garlic
flavor

Firm, elastic, springy, flaky, very
juicy

9 Characteristic, less strong Characteristic, less strong Less juicy, slightly dry
8 Cooked chicken (white meat) Spiced meat, peppery Firm, springy, less juicy, slightly

dry
7 Boiled potato Neutral, slight peppery Less firm, less juicy
6 Cheesy, slightly sour Insipid (towards ‘off-flavor) slightly sour

or bitter
Less firm, less juicy, a bit fibrous

5 Cheesy, milk jug odors, reminiscent
boiled clothes, bear yeast

Slightly sourness, trace of off odors,
umami, meaty, slightly rancid

Rubber and fibrous

4 Sour beer, TMA-ammonia, spoiled
cheese

Bitter, sour, traces of TMA, rancid,
‘off-flavor’

3 Very sour, drain odor Strong bitterness, sour, spoiled fruit,
rancid

BWa 10 Slightly metallic Shellfish; initially weak metallic;
slightly bitter/sour aftertaste

Firm, elastic, springy, flaky, juicy

9 Seaweed from shellfish, seaweed, algae Weak metallic, meaty characteristic Firm, springy, juicy
8 Loss of odor Strong metallic, dry and white

chicken meat
Less firm, less juicy

7 Salted soup, neutral Neutral, trace of shellfish flavor Dry
6 Slightly fishy, boiled potato, salted

soup
Insipid Dry and fibrous

5 Stale dish cloth, reminiscent of
boiled clothes, fishy

Trace of ‘off ’ flavors, slight sourness Dry and fibrous

4 Lactic acid, sour milk Slight bitterness, off-flavors
3 Lower fatty acids (for example, acetic or

butyric acids), decomposed grass,
soapy, smell of turnip or tallow

Strong bitterness, rubber, slight sulphide

a BF—bogue samples caught from populations aggregated around fish farm cages; BW—bogue samples caught from area not influenced by the fish farming cages; bolded descriptions
indicate modifications from the original scheme.
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the goal was to evaluate the freshness of whole fish. Off odors ob-
served after 8 d in ice were described as brine, stale dish cloth, and
rusty. Rancidity was observed in gills odor in all bogue samples
on the last day of sampling. Maximum scores were reached in skin
odor; eyes form and vent appearance at the end of the storage.
The final QIM developed for bogue consisted of 9 parameters
grouped under the 4 main categories, resulting in a total QI of 20
demerit points (Table 2). The demerit points for all 9 parameters
from final QIM scheme showed linear increase and high positive
correlation with storage time (R > 0.90). The exceptions were
observed for gills color and vent appearance which varied with
storage time for both groups of fish (R > 0.60). The evolution
of QI scores for bogues was described using a linear regression
model (Figure 1). The QI equation error for average QI scores of
8 samples evaluated by 6 panelists during shelf-life study was de-
termined by PLS regression of observed compared with calculated

Table 2–The quality index method scheme developed for bogue
(Boops boops).

Quality parameter Description Score

Appearance
Skin Very bright, iridescent 0

Mat, deep colors 1
Green-grayish, yellow near

abdomen
2

Grey, grey spots, bloody (near
abdomen)

3

Blood on neck
None (0%) 0
Some (1% to 50%) 1
Much (51% to 100%) 2

Odor
Metal, species specific,

seaweed, cut grass
0

Neutral, slightly fatty, marine 1
Brine, slightly off odors, stale

dish cloth
2

Texture
In rigor 0
Firm, elastic 1
Less elastic, flexible, (finger

mark disappears slowly)
2

Eyes
Color Transparent, bright 0

Slightly opaque, filled with
jelly fluid

1

Opaque, bloody, yellow-white
spots, filled with jelly fluid

2

Form
Convex 0
Slightly convex to flat 1
Sunken 2

Gills
Color Characteristic red 0

Pale red, pink/slightly brown 1
pink, yellowish-brown 2

Odor Metal, shellfish, slightly
stale-smelling

0

Neutral, boiled potato,
slightly oily

1

Oily, rusty 2
Rancid, very sour off odor,

cardboard rising damp,
TMA

3

Vent
Shut 0
Slightly open 1
Open 2

Quality index (QI) 0–20

values for both BF (Figure 2a) and BW samples (Figure 2b). The
precision of predictability was 1.4 d for BF and approximately 1
d for BW. Similar correlation coefficients between QI scores and
the storage time, and accuracy of prediction were observed during
QIM scheme development of other Sparidae species, using 7 to

Figure 1–Quality index (QI) score of bogue samples caught from popula-
tions aggregated around fish farm cages (BF) and area not influenced by
the fish farming cages (BW) against storage time on ice. Each point repre-
sents the mean of 8 fish evaluated by individual assessor with vertical bars
denoting standard deviation.

Figure 2–PLS regression models of QI scores of bogue samples caught
from populations aggregated around fish farm cages (BF) and area not
influenced by the fish farming cages (BW) compared with predicted values.
Traces lines represent 95% confidence limits of regression.
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8 parameters and 15 to 16 demerit points scales (Huidobro and
others 2000; Lougovois and others 2003).

The PCA analysis revealed the proportion of variance accounted
for by the first 2 principal components (PC1 and PC2) was 90.22%,
while the remaining components each account for less than 3%
of the total variance. The correlation loadings plot showed high
correlations of all parameters studied (Figure 3). The catching
ground (CG) showed the highest contribution and factor-variable
correlation to PC2 (74.51% and 0.974). Spoilage evolution over
time given as the sum of all demerit points (QI) showed higher
correlation (R > 0.99) then single parameters itself, indicating
that the individual parameters could not replace the usage of 20
demerit points QIM scoring scheme in sensory assessment. Also,
the developed QIM scheme successfully described different fresh-
ness levels of bogues and it sustained individual panelist variation.
The obtained results for both BF and BW samples confirmed the
importance of validation of QIM scheme either through storage
experiment at another location, season, or catching ground.

The results of the sensory evaluation of the cooked fillets of
bogue are shown in Figure 4. Statistically significant negative
correlation (P < 0.05) was observed between storage time and
Torry scores in bogue samples. The sensory rejection point of 5.5
was characterized by traces of slightly off odors, bitter, and sour
flavor of both BF and BW samples, with slightly rancid taste of BF
samples. The analysis of the sensory panel performance showed
the best performance and repeatability for odor. T-test showed
statistically significant difference between BF and BW samples
(P < 0.05). Probably due to its age, size, and fat content the meat
of BF samples was less robust in flavor and softer in texture, which
resulted in higher grades. The storage life of bogue samples was
estimated on day 17 for BF and 12 for BW samples. In a study by
Koustomanis and Nychas (1999) the shelf life of Mediterranean

Figure 3–Correlation loading plot from PCA describing QI and individual
sensory parameters: skin appearance (S), skin odor (SO), texture (T), gill
color (GC), gill odor (GO), eye color (EC), eye form (EF), blood on neck (BN),
and vent appearance (VA) of all bogue samples from different catching
ground (CG) for bogue samples caught from populations aggregated around
fish farm cages and area not influenced by the fish farming cages during
different storage time (ST) on ice.

bogue stored aerobically at 0 ◦C was determined at 7.3 d; however,
the authors did not describe the storage conditions during the
experiment in detail and used a different scoring scheme based on
3 quality classes. The storage life of other Sparidae species evaluated
by sensory assessment of cooked fish has been reported to range
between 16 and 19 d (Kyrana and others 1997; Lougovois and
others 2003).

Biochemical determinations
There is great variation in the chemical composition of species

and individuals of the same type, which is mostly due to age, sex,
migration, environment, and seasonal changes (Hyldig and others
2007). No statistically significant difference was observed between
the proximate composition of bogue samples of the same group
determined on days 0, 5, 8, 11, and 16 of storage. The mean re-
sults of proximate analyses determined on these days are shown in
Table 3. Özogul and Özogul (2007) categorized bogue as low fat
fish with lipid content less than 3%. The lipid content of BW sam-
ples confirmed it. BF samples had significantly higher lipid con-
tent with correspondingly lower moisture content. Some studies
reported higher fat content of bogues (2.7% to 10.1%) than of the
other Sparidae species (FAO 1989); however, the extremely high
lipid content found in BF samples was not previously reported.
Fernandez-Jover and others (2007) observed a considerably higher
body fat content in wild Mediterranean horse mackerel sampled
from populations aggregated around fish farms than in natural con-
trol populations. The average lipid content observed in farmed fish
ranged from 6.5% to 10.5% (Grigorakis 2007) which was signif-
icantly lower compared to the BF samples. Although the bogue

Figure 4–Changes in cooked sensory scores (Torry score) for bogue samples
caught from populations aggregated around fish farm cages (BF) and area
not influenced by the fish farming cages (BW) against storage time on ice.
Each point represents the mean of 4 fish evaluated by individual assessor
with vertical bars denoting standard deviation.

Table 3 –Mean values of proximate composition of bogue
samples.

Measured parameters

Fish samples Moisture (%) Protein (%) Fat (%) Ash (%)

BFa 55.18 (0.64)A 18.70 (0.47)A 19.79 (0.29)A 1.28 (0.07)A

BWa 77.09 (0.74)B 18.83 (0.32)A 1.96 (0.14)B 1.24 (0.08)A

aBF—bogue samples caught from populations aggregated around fish farm cages;
BW—bogue samples caught area not influenced by the fish farming cages; Mean (standard
deviation); A−B values in the same column labeled with the same uppercase letters do not
differ significantly (P > 0.05); n = 15.
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samples differed in age, the extremely high fat content of BF sam-
ples could be attributed to the extra feed available around the fish
farm cages and the security obtained by the prohibition of com-
mercial fishing 300 m around the cage installations. The panel
scored the BF lower for the majority of QIM descriptors. Similar
results were presented for herrings. Larger herrings with high lipid
content had superior quality compared to small herrings with low
lipid content (Nielsen and Hyldig 2004).

At the beginning of storage mean Torrymeter values (>12) of
BF and BW samples indicated “very fresh fish.” Changes in di-
electric properties over storage in ice for bogue samples are shown
in Figure 5. T-test showed a statistically significant difference
between the samples (P < 0.05) and good negative correlation
with storage time for both BF and BW samples was observed.
Lipid is known to have an effect on the dielectric properties of
fish and tends to make observed Torrymeter values more variable
(Pivarnik and others 1990; Šimat and others 2011), similar obser-
vations were found in our study. QI and Torry scores showed the
spoilage evolution of bogues in ice to be slower in BF samples;
however, significantly higher lipid content of BF samples may have
accounted for the observed lower and more variable readings of
dielectric properties, so BF would appear less fresh than BW. The
fish were kept under the same conditions, so the effect of storage
conditions would be the same on both fish; however, muscle de-
terioration caused by harvesting would result in lower and more
variable dielectric properties indicating an apparently advanced
spoilage (Lougovois and others 2003).

The changes in pH values over storage in ice are shown in
Figure 6. The difference between the means of pH values of the
bogue samples was statistically significant (P < 0.01). These differ-
ences might be influenced by fish size, since muscle of the larger
fish tends to equilibrate to a lower pH after death, but also dif-
ferent nutritional state of the fish and feed intake, and buffering
capacity of muscle components (lactic acid, phosphates, and ni-
trogenous substances) might explain slower increase of pH values
in BF samples. The initial pH of BF samples was higher but in-
creased significantly slower over time compared to BW samples.
Until day 14 of storage no significant changes in pH values for BF
samples were observed. In BW samples statistically significant (P <

0.05) increase of pH was observed after 1 d of ice storage. Since

Figure 5–Regression line for GR Torrymeter readings of whole, ungutted
iced bogues samples caught from populations aggregated around fish farm
cages (BF) and area not influenced by the fish farming cages (BW) against
storage time. Each point represents the mean of 3 measurements obtained
on 8 fish with vertical bars denoting standard deviation.

decomposition of nitrogenous compounds is known to increase
the pH in fish flesh, the accumulation of volatile bases (Table 4)
could have attributed to the increase of pH in bogue samples. Pos-
itive statistical correlation was observed between days of storage
and pH values in both samples (RBF = 0.815; RBW = 0.916). Pre-
vious study of aerobically stored bogues at different temperatures
showed the increase of pH values due to the L-lactic acid decrease
and deamination of amino acids (Koutsoumanis and Nychas 1999);
however, the changes in the concentrations of nucleotide metabo-
lites in the muscle tissue of bogues were not studied.

The increase in the TBA (mg MA/kg) values of both BF and
BW was found to be significant during the time of ice storage
(P < 0.05) (Figure 7). Better positive correlation between TBA
and storage time was observed for BW samples (RBF = 0.859;
RBW = 0.942). No statistically significant difference between the
means of TBA values of BW and BF at 95.0% confidence level
was observed, despite the considerable difference in the lipid con-
tent. According to Nunes and others (1992) TBA levels between
5 and 8 mg MA/kg are generally considered the limit of sensory
acceptability of fish. In the present study, the rancid flavor was ob-
served in cooked samples of BF at the end of sensory evaluation,
when TBA was 3.28 ± 0.28 mg MA/kg. Differences between the
bogues may be a result of different feed intake, body composition,
and fatty acid content. Arechavala and others (2011) found signif-
icant differences in feeding habits and fatty acid profile between

Figure 6–Changes in pH values of bogue samples caught from populations
aggregated around fish farm cages (BF) and area not influenced by the fish
farming cages (BW) against storage time on ice. Each point represents the
mean of 3 analyses with vertical bars denoting standard deviation.

Table 4–Total volatile basic nitrogen (TVB) and trimethylamine
(TMA) content in bogue samples over storage time.

TVB (mg/100 g) TMA (mg/100 g)

Days in ice BFa BWa BFa BWa

0 5.83 (0.63)A 7.43 (0.25)A 0.18 (0.04)A ND
2 5.82 (0.84)A 8.88 (0.59)A 0.22 (0.08)A 0.21 (0.09)A

5 6.45 (0.57)B 7.84 (1.38)A 1.02 (0.16)B 0.28 (0.05)A

8 7.39 (0.96)B 10.82 (1.76)B 1.05 (0.37)B 1.57 (0.26)B

11 7.31 (0.29)B 15.17 (0.37)C 1.69 (0.16)C 4.13 (0.04)C

14 9.87 (0.59)C 19.83 (0.36)D 3.53 (0.16)D 5.15 (0.38)D

16 13.52 (0.30)D 20.79 (0.86)E 3.59 (0.46)D 5.26 (0.63)E

18 15.59 (0.48)E / 4.07 (0.21)E /
aBF—bogue samples caught from populations aggregated around fish farm cages;
BW—bogue samples caught area not influenced by the fish farming cages; Mean (standard
deviation); A−E values in the same column labeled with the same uppercase letters do not
differ significantly (P > 0.05); ND = not detected; n = 3.
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wild bogue aggregations at fish farms and their wild counterparts.
Higher levels of total polyunsaturated fatty acids were found in
wild samples, but increased levels of fatty acids originated from
terrestrial plant products found in pellets (linoleic acid 18:2n-6),
were detected in samples aggregated around fish farms. Besides
that, similar resistance to lipid oxidation of bogue samples could
also be explained by endogenous antioxidant system of the BF
samples, enhanced by consumed pellets containing high levels of
α-tocopherol (260 to 350 mg/kg, pellet diet characteristic data)
reported to reduce forced lipid oxidation in ice stored fish (Gatta
and others 2000). Results suggest that TBA index values from 5 to
8 mg MA/kg could be used as the limit of acceptance for bogues.

The concentration of TVB-N in freshly caught fish range
from 5 to 20 mg/100 g, while levels of 30 to 35 mg TVB-
N/100 g are considered the limit of acceptability for most marine
fish species (Ababouch and others 1996). Levels <8 mg TVB-
N/100 g were found in bogue samples at the beginning of storage
(Table 4). The increase of TVB-N levels with storage time was less
than 15 mg/100 g over 16 d. Significantly lower TVB-N levels
were observed in BF samples. Factors such as age, the condition
of individual fish before catch, season, handling after catch, and
storage time may influence TVB-N levels; these could be the pos-
sible causes for the differences among bogue samples. TMA-N is
not produced in significant amounts during the first few days in
ice storage, therefore not considered suitable spoilage indicator for
short-term storage. Fresh fish contains 2 to 4 mg TMA-N/100
g and levels found in the aerobically stored fresh fish rejected by
the sensory panel vary between 10 and 15 mg/100 g (Dalgaard
and others 1993). Concentrations found at the end of bogues
shelf life were less than 6 mg TMA-N/100 g. The production of
volatile bases is influenced by the specific spoilage micro flora on
the fish. Previously, Shewanella putrefaciens was identified as domi-
nant bacteria during aerobically stored bogues at 0 ◦C over 10 d
(Koutsoumanis and Nychas 1999). S. putrefaciens could be respon-
sible for reduction of TMAO to TMA-N in anaerobic respiration;
however, in this study microbial flora was not determined. Several
authors observed the late increase of volatile amines after 20 d of
storage in ice in Sparidae species (Kyrana and others 1997; Šimat
and others 2011). Low levels of volatile amines at the end of shelf
life did not reflect that the fish was spoiled, thus these should not

Figure 7–Changes in TBA values of bogue samples caught from populations
aggregated around fish farm cages (BF) and area not influenced by the fish
farming cages (BW) against storage time on ice. Each point represents the
mean of 3 analyses with vertical bars denoting standard deviation.

Table 5– Correlation results between storage time, quality in-
dex (QI), and Torry scores and physical and chemical analyses
performed for bogue samples.

Correlated parameters

QI scores Torry scorePhysical/chemical
parameter BFa BWa BFa BWa

pH 0.884b 0,863b −0.871b −0,881b

Torrymeter reading −0.910b −0.653 0.929b 0.730
TBA 0.936b 0.807 −0.941b −0,784
TVB-N 0.921b 0.924b −0.909b −0.943b

TMA-N 0.951b 0.920b −0.938b −0.911b

Storage time 0.962b 0.986b −0.993b −0.992b

aBF—bogue samples caught from populations aggregated around fish farm cages;
BW—bogue samples caught area not influenced by the fish farming cages; bindicates
statistically significant correlation (P < 0.05)

be taken as reliable indicator of bogue freshness regardless of the
high positive correlations with sensory assessment (Table 5). Sim-
ilar results were observed in studies of gilthead sea bream. The
authors suggested that existing regulations should be adopted in
the way that TVB-N level of acceptance for human consumption
is set to 25 mg/100 g (Kyrana and others 1997; Šimat and others
2011).

Torrymeter readings, pH, TBA, and volatile amine content
showed excellent correlation with sensory scores for both BF and
BW, indicating that all investigated parameters reflect postmortem
sensory changes during ice storage (Table 5). The high correla-
tion between pH and Torrymeter values and sensory attributes
has been previously reported for different fish species (Pivarnik
and others 1990; Lougovois and others 2003). For BW samples
correlation between Torrymeter values and sensory scores were
good but not significant, thus not as reflective of fish freshness as
other parameters. The observed high correlation between both
QI and Torry scores and storage time of bogues enables the use of
QIM instead of sensory evaluation of cooked fish, which is more
desirable as QIM is performed earlier in the production chain and
is more rapid.

Conclusions
The results obtained in this study indicated that the impact of

finfish farms on wild populations of bogues was strong, altering
the proximate composition of the fish and organoleptic and other
quality parameters over time. The scheme developed in this study
was found to be a reliable, precise, and rapid tool for measuring
sensory changes and estimate remaining shelf life for ice stored
bogues regardless of the significant effect of catching ground (in
this case area near farming cages) on quality and postmortem sen-
sory attributes, as well as pH values, TBA values, and dielectric
properties of the fish. The quality index developed for bogue con-
sisted of 9 parameters which gave a total of 20 demerit points and
the prediction of the storage life with an accuracy of 1.0 to 1.4
d. The PCA analysis was found very useful in determining the
importance of quality index over individual sensory parameters.
Despite the considerable difference in the lipid content and the
significant increase of TBA values of bogues no statistically sig-
nificant difference between the means of TBA indexes of BW
and BF was observed and the rancidity was observed at the end
of storage. The levels of volatile amines at the end of storage
were low indicating some changes but not reflecting the spoilage
evolution of fish. Further investigations should be carried out to
determine nucleotide catabolite changes over time, different and
complementary lipid damage indices, and microbiology activity
of the bogues, as they would most probably provide valuable data
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to contrast with the shelf-life study and confirmed the assessed
storage time.
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