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ABSTRACT: Sensory and chemical analyses were performed dur-
ing the chilled storage of whole and filleted horse mackerel (Tra-
churus trachurus), an underutilized medium-fat fish species. For
both kinds of fish products, satisfactory correlations with the stor-
age time were obtained for amine formation (total volatile base-
nitrogen and trimethylamine-nitrogen), lipid damage (free fatty
acid formation), and formation of interaction compounds (fluo-
rescence detection in the aqueous phase). Sensory analyses
showed a gradual lower grading with time, with a shelf life of 14
d for whole-fish samples and 12 d for fillet samples. Correlation
and multivariate analyses between the sensory attributes and the
chemical indices showed that trimethylamine-nitrogen detection
was the most accurate chemical method for damage assessment
during the chilled storage of whole and filleted horse mackerel.
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Fish and other marine species are the raw materials for prod-
ucts of great economic importance in many countries. The
fish industry is currently suffering from dwindling stocks of
traditional species as a result of drastic changes in their avail-
ability. As a result, fish technologists and the fish trade have
turned their attention to some unconventional sources of raw
material (1,2).

One such species is horse mackerel (Trachurus trachurus),
a medium-fat species abundant in the northeast Atlantic (3,4).
Efforts have been made to utilize it in the manufacture of
smoked (5), canned (6), chilled and frozen (7,8), and restruc-
tured (9) fish products. The effects of cryoprotectants and an-
tioxidants on stability of frozen products have also been in-
vestigated (10,11).

During chilled storage of fish, important changes are known
to take place. Thus, significant deterioration of sensory quality
and loss of nutritional value have been detected as a result of
changes in the protein and lipid fractions, formation of amines
(volatile and biogenic) and hypoxanthine, and changes in the
physical properties of the muscle (12—14). Indeed, prolonged
chilled storage has proved to have a rather negative effect if fur-
ther processing is to be carried out on the fish material (15,16).

Like most fish species, horse mackerel has to be kept in ice
before it is consumed as such or otherwise processed. The pres-
ent work was undertaken to determine the preservability of
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whole and filleted horse mackerel during ice storage and to eval-
uate the validity of fast chemical methods to assess changes in
both kinds of fish products during normal trading practice.

MATERIALS AND METHODS

Raw material, processing and sampling. Fresh horse mack-
erel (T. trachurus) were obtained 10 h after being caught; dur-
ing this interval, the fish had been kept on ice. The length of
the horse mackerel was in the range 18-24 cm; the weight
was in the range 250-280 g. Upon arrival in our laboratory,
some of the fish were carefully dressed and filleted by hand;
the remainder were kept intact. Both the filleted and the
whole-fish samples were divided into three batches that were
stored (on ice) in isothermal rooms at 0°C and studied sepa-
rately for statistical analysis. Samples were taken for analysis
on days 0, 2, 6,9, 12, 14, and 19.

Sensory analyses. Sensory analyses were conducted by a
taste panel consisting of five experienced judges according to
the guidelines presented in Table 1 (17). Four categories were
ranked: highest quality, good quality, fair quality, and re-
jectable. Sensory assessment of the whole-fish samples in-
cluded the following parameters: skin, eyes, gills, flesh odor,
consistency, and flesh appearance. In the case of fillets, the
following attributes were considered: skin, flesh odor, consis-
tency, and flesh appearance.

At each sampling time and for both kinds of fish products
(whole fish and fillets), two individual fishes from each of the
three batches were taken for analysis. Scores among panelists
were averaged.

Chemical analyses were then carried out on the homoge-
nized white muscle of the individual fishes employed for the
sensory assessment.

Composition analyses. Water content was determined by
the difference between the weight of fresh homogenized mus-
cle (1-2 g) and the weight recorded after 24 h at 105°C. Re-
sults were calculated as g water/100 g muscle. Lipids were
extracted by the Bligh and Dyer method (18). Quantification
results were calculated as g lipid/100 g wet muscle.

Lipid damage measurements. Free fatty acid (FFA) con-
tent was determined by the Lowry and Tinsley method (19)
based on complex formation with cupric acetate—pyridine.
Results are expressed as g FFA/100 g lipids.

Conjugated diene (CD) formation was measured at 233 nm
(20). The results are expressed according to the formula CD
= B x V/w, where B is the absorbance reading at 233 nm, V
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TABLE 1

Scale Employed for Evaluating Freshness of Chilled Horse Mackerel

Attribute Highest quality Good quality Fair quality Rejectable

Skin Very intense pigmentation Insignificant pigmentation losses; ~ Pigmentation discolored and  Important pigmentation losses;
transparent mucus slightly turbid mucus without shine; milky mucus opaque mucus

Eyes Convex; transparent cornea;  Convex and slightly sunken; Flat; opalescent cornea; Concave and milky cornea;
bright and black pupil slightly opalescent cornea; opaque pupil grey pupil

black and cloudy pupil

Gills Bright red; without odor; Rose-colored; without odor; Slightly pale; fishy odor; Grey-yellowish color; intense

lamina perfectly separated lamina adhered in groups lamina adhered in groups ammonia odor; lamina totally
adhered
Flesh odor  Sharply seaweedy and Weakly seaweedy and Slightly sour and rancid Sharply sour and rancid

Consistency

Flesh
appearance

shellfish

Presence or partial
disappearance of rigor
mortis symptoms

Strongly hydrated and pinky;
myotomes totally adhered

shellfish

Firm and elastic; pressure
signs disappear immediately
and completely

Still hydrated and pinky;
myotomes adhered

Presence of mechanical
signs; elasticity notably
reduced

Slightly dry and pale; myo-
tomes adhered in groups

Important shape changes due
to mechanical factors

Yellowish and dry; myotomes
totally separated

denotes the volume (mL), and w is the mass (mg) of the lipid
extract measured.

The thiobarbituric acid index (TBA-i) (mg malondialde-
hyde/kg fish sample) was determined according to Vyncke (21).

Formation of protein-oxidized lipid interaction compounds.
Formation of interaction compounds was investigated by mea-
surements at 393/463 nm and 327/415 nm, as described earlier
(16,22), performed using a PerkinElmer LS 3B fluorimeter.
The relative fluorescence (RF) was calculated as follows: RF =
FIF, where F is the fluorescence measured at each excita-
tion/emission maximum, and F is the fluorescence intensity
of a quinine sulfate solution (1 pg/mL in 0.05 M H,SO,) at the
corresponding wavelength. The fluorescence ratio (8F) was
calculated as the ratio between the two RF values: 0F =
RF;95/463 N/RF;, 4 s nm. The 6F value was determined for
the aqueous (6F aq) and organic (8F ) phases obtained from
the lipid extraction (18).

Assessment of volatile amines. Ten grams of fish muscle was
extracted with perchloric acid (6%) and made up to 50 mL.

Total volatile base-nitrogen (TVB-N) values were measured
by the Antonacopoulos method (23) with some modifications
(24). TVB-N content was obtained by steam distillation of the
acid extracts made alkaline to pH 13 with NaOH (20%), fol-
lowed by titration of the distillate with 10 mM hydrochloric
acid. Data are expressed as mg TVB-N/100 g muscle.

Trimethylamine-nitrogen (TMA-N) values were obtained by
the picrate method performed according to Tozawa et al. (25) by
employing the same acid extracts as in the case of the TVB-N
detection. Data are expressed as mg TMA-N/100 g muscle.

Statistical analyses. Data from the different chemical qual-
ity measurements were subjected to one-way analysis of vari-
ance (P < 0.05); comparison of means was performed using a
least-squares difference method (26). Correlation analyses
and the Spearman test for nonparametric correlations were
performed (P < 0.01). Factor analysis (principal components)
was carried out with all parameters measured; a Varimax nor-
malized rotation was employed for factor rotation (26).
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RESULTS AND DISCUSSION

Composition analyses. Water contents ranged between 75 and
80% for the whole-fish samples and 76 and 84% for the fil-
lets. A slight increase in water content during the chilled stor-
age was observed in both kinds of fish products. This increase
could be explained as the result of contact with ice (27) and
was greater in the case of fillet samples.

Lipid contents ranged between 1.20 and 2.70% in both fillets
and whole fish: these are typical values for a medium fat con-
tent species. For each kind of fish product, lipid content varia-
tions measured during chilled storage were attributed to differ-
ences between individual fishes rather than to effects of storage.

Comparison with previous research showed a higher water
content than in fattier species (24) and a lower content than
in lean fish species (27,28) in accordance with an inverse re-
lationship between the two constituents (29).

Lipid damage assessment. FFA contents of the raw material
were rather similar to those of fatty fish species (tuna, sardine)
(24,30) and lower than those of lean fish (blue whiting, haddock,
cod) (27,28). In whole-fish samples, lipid hydrolysis increased
gradually during chilled storage (Table 2); a significant increase
was observed at day 6 compared to the unstored sample, and the
FFA content at the end of the experiment (day 19) reached
5.3%. A gradual increase in FFA content was also observed for
fillet samples, although a significant increase was only obtained
at day 14 (Table 3); the value at the end of the experiment (day
19) showed a large increase and was higher (P < 0.05) than the
value for the whole- fish samples, in accordance with the greater
access of microorganisms in the fillet samples.

CD formation did not show any significant trend during
the storage process for both kinds of fish products (Tables 2
and 3). In initial stages of oxidation, the measurement of CD
formation has been used satisfactorily for damage assessment
(31,32). However, in the present experiment, this index was
not suitable because dienes are relatively unstable and capa-
ble of interacting with other constituents (22,33).
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TABLE 2
Lipid Damage and Fluorescence Measurements During Chilled Stor-
age of Whole Horse Mackerel®?

Storage

time (d) FFA CD TBA-i SFaq SF,,

0 1.39a 0.90 a 0.10 a 1.52 a 0.74 a,b
2 2.14ab 1.04a 0.09 a 1.52a 0.57 a
6 2.63bc  091a 0.34a,b 1.28 a 0.62 a
9 2.81bc 1.03a 0.37ab 1.20a 0.76 a,b
12 2.74bc 1.18a 0.32 a,b 479ab 093ab
14 3.14c¢ 0.98 a 0.64 b,c 5.47b 0.89 a,b
19 5.28d 1.09 a 0.85 ¢ 58.85 ¢ 1.08 b

IAbbreviations: FFA, free fatty acids; CD, conjugated dienes; TBA-i, thiobar-
bituric acid index; 8F,, and 8F_,, fluorescence ratio values in the aqueous
and organic phases, respectively.

byalues are means of three independent determinations. Values in the same
column followed by different letters are significantly different (P < 0.05).

Secondary oxidation measured by the TBA-i showed a
gradual increase during the chilled storage in the case of the
whole-fish samples (Table 2); compared to the raw sample, a
significant increase was obtained at day 14. In the case of fish
fillets, a gradual increase in the TBA-i was observed up to day
12, followed by a decrease (Table 3); molecules that con-
tribute to this index may have interacted with other fish con-
stituents in the last stage of the chilled storage (12-19 d)
(20,22), so that a continuous increase was not served through-
out the experiment. TBA-i values were higher (P < 0.05) in
the fillet samples than in the whole-fish ones for the initial
2-12-d period, which can be attributed to a greater access of
oxygen and trace metals from melted ice and the presence of
higher levels of blood contaminants in the fillet samples (34).

Formation of interaction compounds. Analysis of the or-
ganic phase showed little significant differences in the 6F
values of whole-fish samples (Table 2) and a gradual increase
up to day 14 followed by a decrease at day 19 in the values of
fillet samples (Table 3). Accordingly, this analysis was unable
to afford damage assessment throughout the storage period
investigated.

In the case of the aqueous phase, 6F,  showed an increase ten-
dency with storage time in both kinds of fish products (Tables 2

TABLE 3
Lipid Damage and Fluorescence Measurements During Chilled
Storage of Horse Mackerel Fillets*?

Storage

time (d) FFA CD TBA-i SFaq SF,,

0 1.39a 0.90 a 0.10 a 1.52 a 0.74 a
2 1.82 a 1.00 a 0.33 a 1.57 a 0.68 a
6 1.97 a 1.24 a 1.10b 1.20a 1.99 a,b
9 2.46ab 0.92a 1.56 ¢ 2.14 a 2.73 b,c
12 2.47ab 1.03a 1.76 ¢ 5.08 a 6.95d
14 3.80b 1.09 a 0.74 b 27.65b 6.88 d
19 10.09 c 1.26 a 0.92b 283.80 c 3.89c

“See Table 2 for abbreviations.
bvalues are means of three independent determinations. Values in the same
column followed by different letters are significantly different (P < 0.05).
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and 3). This increase was especially high after day 12 and was
greater in the fish fillet samples than in the whole-fish ones. The
large increase obtained for fish fillets at days 14 and 19 agrees
with the decrease found in the TBA-i values for the same days.

The relative formation of fluorescent compounds that are
lipid- and water-soluble (8F_ /8F  ratio) was studied in pre-
vious research on fatty (24) and lean fish (27). It was observed
that, as long as lipid damage increased, fluorescence detected
in the aqueous phase predominated and was more accurate for
assessing quality changes. It can be argued that fluorescent
substances formed from oxidized membrane lipids remain at-
tached to the amino constituent, resulting in compounds that
are quite insoluble in organic solvents (35,36).

Formation in volatile amines. The TVB-N value showed a
gradual increase throughout the chilled storage in the case of
the whole-fish samples (Fig. 1); compared to the raw sample,
a significant increase was observed at day 12, followed by a
large increase at the end of the storage period. This increase
agrees with previous results for fatty (12,13) and lean (27,37)
fish species, which showed a sharp increase in total volatile
amine content after 9-10 d of storage, as a result of the end
of the lag phase of microorganisms.

In the case of filleted fish, a clear tendency could not be
discerned for the TVB-N values (Fig. 1). Compared to un-
stored samples, lower values were obtained in the 2—14 d pe-
riod, whereas a higher value was obtained at the end of the
storage period. It could be argued that contact with ice could
produce a loss of the volatile amine content present in the
muscle, especially ammonia, which is highly water soluble.
Throughout the storage period, lower values (P < 0.05) were
obtained for the fillet samples than for the whole-fish ones.

The TMA-N value showed a gradual increase with storage
time for both the whole-fish and fillet products (Fig. 2); com-
pared to unstored samples, a significant increase was ob-
served at day 9 in both cases. Higher TMA-N contents (P <
0.05) were obtained for the whole-fish samples than for the
fillets throughout the storage period. Values obtained for the
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FIG. 1. Total volatile base-nitrogen (TVB-N) measured during the chilled
storage of whole (W) and fillet (F) samples of horse mackerel.
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FIG. 2. Trimethylamine-nitrogen (TMA-N) measured during the chilled
storage of whole (W) and fillet (F) samples of horse mackerel.

whole-fish samples agreed with previous results for chilled
fish species (13,38). The relatively lower formation of
TMA-N in fillets could be explained by the absence of vis-
cera and other parts of the fish in which microorganisms that
are able to convert trimethylamine oxide into trimethylamine
are known to be concentrated (37). In this regard, Smith et al.
(7) found that during a short iced storage of horse mackerel,
gutted fish had lower formation of TMA-N than whole fish.

Correlation of chemical indices with storage time. Corre-
lations of all the chemical indices tested with the storage time
were studied (Table 4). Results for the whole-fish samples
showed satisfactory correlation with all the damage indices
except for the CD value; quadratic equations yielded the
best fits in all cases, especially for TMA-N (r>=0.97) and
TVB-N (> = 0.92).

In the case of the fish fillets, correlations of the chemical
indices tested with the storage time showed satisfactory val-
ues for most indices, except CD and TBA-i; with quadratic
fitting, good correlations were obtained for TMA-N (r’=
0.93), FFA (r* = 0.90), and 8F,, (> = 0.89).

TABLE 4
Linear Correlations Between the Chilled Storage Time and Chemical
Indices for Whole-Fish and Fillets?

Chemical index? Whole-fish Fillets

CD 0.24 (0.25) 0.37 (0.37)
SFor 0.59 (0.62) 0.69 (0.55)
SFaq 0.66 (0.83) 0.75 (0.89)
FFA 0.81 (0.86) 0.78 (0.90)
TBA-i 0.74 (0.74) 0.47 (0.24)
TVB-N 0.78 (0.92) 0.59 (0.80)
TMA-N 0.89 (0.97) 0.93 (0.93)

“Significant values (P < 0.01) are in bold type. Values in parentheses are for
quadratic fits.

bTVB-N, total volatile base-nitrogen; TMA-N, trimethylamine-nitrogen. See
Table 2 for other abbreviations.
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Freshness category

Whole-fish

Fillets
Chilled time (d)

FIG. 3. Sensory acceptance of whole and filleted horse mackerel dur-
ing chilled storage (0, 2, 6, 9, 12, 14, and 19 d). Freshness category
marks: 4 (highest quality), 3 (good quality), 2 (fair quality), and T (re-
jectable).

Sensory analyses. A gradual decrease in grading was ob-
served with time for whole-fish and fillets (Fig. 3); the fish
material was judged unacceptable for consumption at day 14
(whole-fish) and day 12 (fillets). All attributes studied showed
a satisfactory Spearman correlation with storage time
(Table 5).

Comparison with previous research carried out on commer-
cial fish species showed that shelf life in ice was shorter than
for lean fish species but longer than in the case of fattier species
(12,37,38). The lipid fraction in fish species has been shown to
be highly unsaturated (39) and thus very susceptible to damage
during processing (40), and a good correlation has been found
between lipid damage and shelf life time (41,42).

Correlation and multivariate analyses. In the case of the
whole-fish samples, significant values were obtained for
Spearman correlations between the sensory attributes consid-
ered and four of the chemical indices investigated (TMA-N,
TVB-N, TBA-i, and 5Faq) (Table 6); the best results were
obtained in the case of the TMA-N index.

TABLE 5
Coefficients of Spearman Correlations Between the Chilled Storage
Time and Sensory Attributes for Whole-Fish and Fillets?

Sensory attribute Whole-fish Fillets
Skin 0.96 0.93
Eyes 0.94 —

Gills 0.89 —

Flesh odor 0.97 0.97
Consistency 0.95 0.95
Flesh appearance 0.91 0.94

Significant values (P < 0.01) were obtained in all cases.
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TABLE 6

Coefficients of Spearman Correlations Between Chemical Indices and Sensory Attributes for Whole-Fish?

Chemical index? Skin Eyes Gills Flesh odor Consistency Flesh appearance
FFA 0.78 0.73 0.78 0.72 0.80 0.71
CD 0.16 0.15 0.18 0.17 0.14 0.11
TBA-i 0.83 0.83 0.76 0.81 0.82 0.71
fSFOr 0.61 0.64 0.56 0.68 0.58 0.57
SFaq 0.63 0.59 0.48 0.56 0.52 0.51
TVB-N 0.87 0.82 0.74 0.86 0.81 0.77
TMA-N 0.94 0.92 0.90 0.94 0.91 0.87
Significant values (P < 0.01) are in bold type.
bsee Tables 2 and 4 for abbreviations.

Spearman correlations were also studied in the case of TABLE 8

fish fillets. Significant values were obtained between the
four sensory attributes considered and four of the indices stud-
ied (TMA-N, 8F , 8Faq, and FFA) (Table 7). The best values
were obtained again for the TMA-N index.

In order to segregate the different parameters (chemical
and sensory indices) into different factors, principal compo-
nent analysis (PCA) was carried out. In the case of the results
obtained for whole-fish samples, 80.1% of the variability of
the variables under study could be explained with two factors.
Following a Varimax rotation (Table 8), it was found that fac-
tor 1 alone accounted for 69.1% of the variability. Factor 1
had relatively high loadings (>0.85) for four sensory attri-
butes (skin, eyes, flesh odor, and consistency) and three
chemical indices (TMA-N, FFA, and TVB-N); very high
loadings (>0.92) were obtained in the case of consistency,
TMA-N, and flesh odor. Factor 2 accounted for only 11.0%
of the variability. The results obtained by PCA indicated that
TMA-N detection would be the most accurate chemical
method to check the grading decrease of horse mackerel dur-
ing chilled storage as whole pieces.

The results for fillet samples were also studied by PCA.
With this method, 84.0% of the variability of all the parame-
ters under study could be explained with two factors. Follow-
ing a Varimax rotation (Table 9), it was found that factor 1
alone accounted for 63.0% of the variability. Factor 1 had rel-
atively high loadings (>0.92) for the four sensory attributes
and TMA-N. Factor 2 accounted for only 21.0% of the vari-
ability. As in the case of whole-fish samples, it was concluded

TABLE 7
Coefficients of Spearman Correlations Between Chemical Indices and
Sensory Attributes for Fillets?

Chemical Flesh Flesh
index? Skin odor Consistency appearance
FFA 0.71 0.77 0.82 0.76
CD 0.20 0.33 0.14 0.18
TBA-i 0.48 0.44 0.51 0.47
8F,, 0.88 0.86 0.85 0.89
SFaq 0.89 0.86 0.88 0.89
TVB-N 0.19 0.25 0.15 0.19
TMA-N 0.94 0.93 0.94 0.93

Significant values (P < 0.01) are in bold type.
bSee Tables 2 and 4 for abbreviations.

Factor Loadings from Principal Component Analysis of Chemical and
Sensory Parameters Measured in Whole-Fish Samples?

Parameter Factor 1 Factor 2
FFA 0.90 -0.25
CD 0.18 -0.34
TBA-i 0.82 0.01
SF,, 0.76 -0.61
SFaq 0.69 0.01
TVB-N 0.87 -0.48
TMA-N 0.94 -0.30
Skin 0.91 0.34
Eyes 0.90 0.34
Gills 0.80 0.40
Flesh odor 0.93 0.26
Consistency 0.96 -0.01
Flesh appearance 0.85 0.32

ISee Tables 2 and 4 for abbreviations.

TABLE 9
Factor Loadings from Principal Component Analysis of Chemical and
Sensory Parameters Measured in Fillet Samples?

Parameter Factor 1 Factor 2
FFA 0.78 -0.56
CD 0.44 -0.07
TBA-i 0.41 0.72
SF,, 0.75 -0.62
SFaq 0.73 0.57
TVB-N 0.62 -0.75
TMA-N 0.94 -0.04
Skin 0.93 0.27
Flesh odor 0.97 0.02
Consistency 0.94 0.25
Flesh appearance 0.94 0.25

9See Tables 2 and 4 for abbreviations.

again that measurement of the TMA-N content would be the
best chemical method to employ for assessment of damage
and grading decrease during chilled storage.

ACKNOWLEDGMENTS

The author thanks Marcos Trigo and Janet Ares for technical assis-
tance and the Comisién Interministerial de Ciencia y Tecnologia
(CICyT; Spain) for financial support through the research project
ALI 99-0869 (2000-2002).

JAOCS, Vol. 78, no. 8 (2001)



862

S.P. AUBOURG

REFERENCES

1.

10.

11.

12.

13.

15.

16.

17.
18.
19.
20.

21.

Flick, G., A. Bimbo, L. Enriquez, and R. Ory, Potential and
Physical Properties of Underutilized Species, Menhaden, in Ad-
vances in Seafood Biochemistry. Composition and Quality,
edited by G. Flick and D. Kitts, Technomic Publishing Co., Lan-
caster, Pennsylvania, 1992, pp. 1-23.

. Shahidi, F., and V. Venugopal, Water-Soluble Protein Prepara-

tive from Underutilized Fish Species, in Seafood Safety, Pro-
cessing and Biotechnology, edited by F. Shahidi, Y. Jones, and
D. Kitts, Technomic Publishing Co. Lancaster, Pennsylvania,
1997, pp. 181-186.

. FAO Inform, Fishery Statistics, in Food and Agriculture Orga-

nization of the United Nations, Yearbook 1996, Rome, 1998,
Vol. 82, pp. 187-188.

. Zimmermann, C., and C. Hammer, On the Biology of the Horse

Mackerel in North and North-East Atlantic, Inf. Fischwirtsch.
Fischereiforsch. 46:14-23 (1999).

. Garcia, 1., B. Pérez-Villarreal, and R. Pozo, Valorizacion de Es-

pecies Pesqueras Infrautilizadas, Alimentacion, Equipos y Tec-
nologia (January/February):145-149 (1996).

. Miinkner, W., Zur Rationellen Verwertung der Rohware Fisch.

II. Die Konservenherstellung aus Fischfarsch, Fischerei-
Forschung Rostock 25:120-122 (1987).

. Smith, J., A. McGill, A. Thomson, and R. Hardy, Preliminary

Investigation into the Chill and Frozen Storage Characteristics
of Scad (Trachurus trachurus) and Its Acceptability for Human
Consumption, in Advances in Fish Science and Technology,
edited by J. Connell, Fishing News Books, Farnham, Surrey,
England, 1980, pp. 303-307.

. Simeonidou, S., A. Govaris, and K. Vareltzis, Effect of Frozen

Storage on the Quality of Whole Fish and Fillets of Horse Mack-
erel (Trachurus trachurus) and Mediterranean Hake (Merluccius
mediterranean), Z. Lebensm. Unters. Forsch. 204:405-410 (1997).

. Alvarez-Parrilla, E., A. Puig, and M. Lluch, Preparation and

Chemical Microstructural Characterization of Surimi from Hake
(Merluccius merluccius) and Horse Mackerel (Trachurus tra-
churus), Food Sci. Technol. Internat. 3:49—-60 (1997).

Dondero, M., C. Sepilveda, and E. Curotto, Cryoprotective Ef-
fect of Maltodextrins on Surimi from Jack Mackerel (Trachurus
murphyi), Ibid. 2:151-164 (1996).

Vareltzis, K., D. Koufidis, E. Graviilidou, E. Papavergou, and
S. Vasiliadou, Effectiveness of a Natural Rosemary (Rosmari-
nus officinalis) Extract on the Stability of Filleted and Minced
Fish During Frozen Storage, Z. Lebensm. Unters. Forsch.
205:93-96 (1997).

Bennour M., A. El Marrakchi, N. Bouchriti, A. Hamama, and
M. El Ouadaa, Chemical and Microbiological Assessments of
Mackerel (Scomber scombrus) Stored in Ice, J. Food Prot.
54:784, 789-792 (1991).

Nunes, L., I. Batista, and R. Morao de Campos, Physical, Chem-
ical and Sensory Analysis of Sardine (Sardina pilchardus)
Stored in Ice, J. Sci. Food Agric. 59:37-43 (1992).

. Olafsdéttir, G., E. Martinsdéttir, J. Oehlenschlédger, P. Dalgaard,

B. Jensen, I. Undeland, 1. Mackie, G. Henehan, J. Nielsen, and
H. Nilsen, Methods to Evaluate Fish Freshness in Research and
Industry, Trends Food Sci. Technol. 8:258-265 (1997).

Slabyj, B., and R. True, Effect of Preprocess Holding on the
Quality of Canned Maine Sardines, J. Food Sci. 43:1172-1176
(1978).

Aubourg, S., and I. Medina, Quality Differences Assessment in
Canned Sardine (Sardina pilchardus) by Fluorescence Detec-
tion, J. Agric. Food Chem. 45:3617-3621 (1997).

Baremo de Clasificacion de Frescura, in Diario Oficial de las
Comunidades Europeas, No. L 5/21, 1989, pp. 5-6.

Bligh, E., and W. Dyer, A Rapid Method of Total Extraction and
Purification, Can. J. Biochem. Physiol. 37:911-917 (1959).
Lowry, R., and I. Tinsley, Rapid Colorimetric Determination of
Free Fatty Acids, J. Am. Oil Chem. Soc. 53:470-472 (1976).
Kim, R., and F. Labella, Comparison of Analytical Methods for
Monitoring Autoxidation Profiles of Authentic Lipids, J. Lipid
Res. 28:1110-1117 (1987).

Vyncke, W., Direct Determination of the Thiobarbituric Acid
Value in Trichloracetic Acid Extracts of Fish as a Measure of

JAOCS, Vol. 78, no. 8 (2001)

22.

23.

24.

25.

26.
217.

28.

29.
30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Oxidative Rancidity, Fette Seifen Anstrichm. 72:1084-1087
(1970).

Aubourg, S., Review: Recent Advances in Assessment of Ma-
rine Lipid Oxidation by Using Fluorescence, J. Am. Oil Chem.
Soc. 76:409-419 (1999).

Antonacopoulos, N., Verbesserte Apparatus zur Quantitativer
Destillation Wasserdampffliihtiger Stoffe, Z. Lebensm. Unters.
Forsch. 113:113-160 (1960).

Aubourg, S., C. Sotelo, and R. Pérez-Martin, Assessment of
Quality Changes in Frozen Sardine (Sardina pilchardus) by Flu-
orescence Detection, J. Am. Oil Chem. Soc. 75:575-580 (1998).
Tozawa, H., K. Erokibara, and K. Amano, Proposed Modifica-
tion of Dyer’s Method for Trimethylamine Determination in
Cod Fish, in Fish Inspection and Quality Control, edited by R.
Kreuzer, Fishing News Books Ltd., London, 1971, pp. 187-190.
Statsoft, Statistica for Macintosh; Statsoft and Its Licensors,
Tulsa, Oklahoma, 1994.

Aubourg, S., I. Medina, and J. Gallardo, Quality Assessment of
Blue Whiting (Micromesistius poutassou) During Chilled Stor-
age by Monitoring Lipid Damages, J. Agric. Food Chem.
46:3662-3666 (1998).

Aubourg, S., and I. Medina, Influence of Storage Time on Lipid
Deterioration During Cod (Gadus morhua) and Haddock
(Melanogrammus aeglefinus) Frozen Storage, J. Sci. Food
Agric. 79:1943-1948 (1999).

Piclet, G., Le poisson aliment. Composition et intérét nutrition-
nel, Cah. Nutr. Diét. XXII:317-335 (1987).

Aubourg, S., J. Gallardo, and I. Medina, Changes in Lipids Dur-
ing Different Sterilising Conditions of Albacore Tuna (Thunnus
alalunga) Canning, Int. J. Food Sci. Technol. 32:427-432
(1997).

Sergent, O., I. Morel, P. Cogrel, M. Chevanne, M. Beaugendre,
P. Cillard, and J. Cillard, Ultraviolet and Infrared Spectroscopy
for Microdetermination of Oxidized and Unoxidized Fatty Acid
Esters in Cells, Anal. Biochem. 211:219-223 (1993).

Vossen, R., M. van Dam-Mieras, G. Hornstra, and R. Zwaal,
Continuous Monitoring of Lipid Peroxidation by Measuring
Conjugated Diene Formation in an Aqueous Liposome Forma-
tion, Lipids 28:857-861 (1993).

Cho, S.-Y., Y. Endo, K. Fujimoto, and T. Kaneda, Autoxidation
of Ethyl Eicosapentaenoate in a Defatted Fish Dry Model Sys-
tem, Bull. Jpn. Soc. Sci. Fish. 55:545-552 (1989).

Richards, M., S. Kelleher, and H. Hultin, Effect of Washing
With or Without Antioxidants on Quality Retention of Mack-
erel Fillets During Refrigerated and Frozen Storage, J. Agric.
Food Chem. 46:4363-4371 (1998).

Shimasaki H., N. Ueta, H. Mowri, and K. Inove, Formation of Age
Pigment-Like Fluorescent Substances During Peroxidation of
Lipids in Model Membranes, Biochim. Biophys. Acta 792:123-129
(1984).

Tio, T., and K. Yoden, Fluorescence Formation from Hydroper-
oxide of Phosphatidylcholine with Amino Compound, Lipids
23:65-67 (1988).

Whittle, K., R. Hardy, and G. Hobbs, Chilled Fish and Fishery
Products, in Chilled Foods. The State of the Art, edited by T. Gorm-
ley, Elsevier Applied Science, New York, 1990, pp. 87— 116.

El Marrakchi, A., M. Bennour, N. Bouchriti, A. Hamama, and
H. Tagafait, Sensory, Chemical and Microbiological Assess-
ments of Maroccan Sardines (Sardina pilchardus) Stored in ice,
J. Food Prot. 53:600-605 (1990).

Ackman, R., Fatty Acids, in Marine Biogenic Lipids, Fats and
Oils, edited by R. Ackman, CRC Press, Boca Raton, 1989, Vol.
1, pp. 103-137.

Hsieh, R., and J. Kinsella, Oxidation of Polyunsaturated Fatty
Acids: Mechanisms, Products and Inhibition With Emphasis on
Fish, Adv. Food Res. Nutr. Res. 33:233-341 (1989).

Pigott, G., and B. Tucker, Science Opens New Horizons for Ma-
rine Lipids in Human Nutrition, Food Rev. Int. 3:105-138
(1987).

Undeland, I., G. Hall, and H. Lingnert, Lipid Oxidation in Fil-
lets of Herring (Clupea harengus) During Ice Storage, J. Agric.
Food Chem. 47:524-532 (1999).

[Received December 6, 2000; accepted June 7, 2001]



