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Abstract
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The CIE Lab color properties of chilled-stored (1±10Ñ) salmon (Salmo Salar) discs were investigated de-
pending on the pretreatment with solution containing either 0.05 g.l-1 or 0.1 g.l-1 of dihydroquercetin isolated from
Siberian larch (Larix sibirica Ledeb). The superficial treatment with 0.1 g.l-1 dihydroquercetin solution was
more effective in stabilizing cross-section appearance colour, as indicated by smaller decrease of C and H values
representing the color purity and tonality, respectively. It also contributed to an increase of the colour brightness
(L*) with 2.3% and of the */b* ratio with 38 %.
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Introduction

The oxidative changes of fish deteriorate its sen-
sory attributes and quality. The oxidative rancidity of
fish lipids is caused by the activity of tissue enzymes
and the oxygen radical spices. The accumulated sec-
ondary products are responsible for developing of yel-
low or dark color of the superficial subcutaneous layer
and subsequently in depth of muscle layers (Decker
and Xu, 1998). The type of fish handling influences
initiation of the lipid hydrolysis and oxidation. Fishes
of identical type show different oxidative stability
when are chilled whole, filleted, cut into discs and with

or without skin (Undeland et al., 1999). For inhibition
of the lipid oxidation in chilled fish it is necessary to
limit or avoid the oxygen admission (Decker and Xu,
1998). For avoiding the oxygen admission several
approaches are suggested: vacuum packaging (Osogul
et al., 2004); wrap with low density polyethylene
wrapping folio, covered with butylhydroxitoluene
(BHT) (Torres-Arreola et al., 2007); superficial treat-
ment with grape phenol extracts (Pazos et al., 2005)
or immersing into erythrobate solutions (Santos and
Regenstein, 1990).

The possibilities for inhibition of chilled fish lipid
and pigment oxidations using antioxidant treatments
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are discussed during the last few years. Banerjee
(2006) suggests inhibition of the muscle lipoxigenase
by treatment of fish with polyphenols form green tea
or synthetic antioxidants, such as butylhydroxianisol
(BHA), BHT, esculetin, caffeic acid, ascorbic acid
and ethylenediaminetetraacetic acid (EDTA). Becker
et al. (2007) demonstrated that the rutin is effective
antioxidant only towards liposomes, where showed
pronounced synergism with quercetin, but not for
whole muscle. Studies on the cytotoxicity of different
flavonoids proved, that in contrast to other compounds
the rutin and dihydroquercetin (DHQ) do not show
cytotoxic properties (Matsuo et al., 2005).

The objective of the present study is to determine
the effect of pre-treatment with the natural antioxi-
dant dihydroquercetin (DHQ) on the instrumentally
measured color characteristics of salmon (Salmo
salar) discs during their storage at 1±10Ñ.

Materials and Methods

Fish and handling procedures
Atlantic salmon (Salmo salar) farmed by

“Hallward Leroy” AS (Åfta, Norway) was used in
this study. The fish was delivered by plain from Grieg
Seafood Rogaland avd. Bokn (Tollaskholmen, Nor-
way) with the intermediation of Metro Bulgaria SA
(Sofia, Bulgaria). The fish was bought after the sixth
day from the death (post mortem). The fish was size
6/7 with excellent quality.

Natural antioxidant dihydroquercetin
isolate „Flavit”®

The natural antioxidant dihydroquercetin isolate
„Flavit”® (DHQ) was extracted from Siberian larch
(Larix sibirica Ledeb). The product was manufac-
tured by Flavit Ltd (Pushchino, Russia) in coopera-
tion with the Biological Instrument-making Institute of
the Russian Academy of Sciences. DHQ appears like
white or pale yellow crystal powder, without odor,
with melting point 220-2220Ñ. It has good solubility
in acetone, methanol, ethanol, ethylacetate and very

poor solubility in water. The natural antioxidant
dihydroquercetin isolate „Flavit”® contains 96 %
dihydroquercetin, 3 % dihydrokaempferol and ap-
proximately 1% naringenin.

Experiment design
The fish was cut on 1.5-2.0 cm discs by saw, model

Bizerba, type FK 32 (Bizerba GmbH, Balingen, Ger-
many). The discs were divided into nine equal por-
tions, each of them including peaces from different
fishes and different parts of fish’s body. The experi-
ments were carried out with three samples: first - con-
trol samples, packed without antioxidant treatment;
second - experimental samples 1, packed after su-
perficial treatment with a 0.005 % solution of DHQ
and third - experimental samples 2, ðacked after
superficial treatment with a 0.01 % solution of DHQ.
Four portions representing control samples were
hermetically packaged in multilayer barrier polyethyl-
ene/polyamide folio bags Oberfolien, type 406
INC80/500 (Sudpack Verpackungen GmbH & Co.
KG, Ochsenhausen, Germany) immediately after dos-
age. The vacuum-making and the thermal conglom-
eration was made with vacuum-packaging machine
Multivac, Model A300/15 (Multivac Sepp
Haggenmuller GmbH & Co. KG, Wolfertschwenden,
Germany). Three portions representing experimen-
tal samples 1 were spray treated by solution con-
taining 0.5 g DHQ.l-1 5 % ethanol water solution be-
fore packaging, and the remaining three portions (ex-
perimental samples 2) representing were spray
treated by solution containing 1.0 g DHQ.l-1 5 % etha-
nol water solution. The salmon discs were drained
away for 15 min at 0±10C and packed. After pack-
aging the samples were quickly chilled at a tempera-
ture of -180C until the temperature in the samples’
center reached 20C, measured by an electronic ther-
mometer EBI-2T-F (Ebro Electronic GmbH,
Ingolstadt, Germany). They were then stored for 12
d at 1±10C. The color surface properties changes
were measured on 1, 4, 7 and 12 d of storage (e.g. 6,
9, 12 and 17 d post mortem).
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Instrumentally determination of color
characteristics of fish discs cross-section
appearance
The color of salmon plays crucial role when the

consumer is making decision for purchasing. The color
characteristics of Atlantic salmon (Salmo salar) were
determined instrumentally according to the CIE Làb
system. The chromameter Konica Minolta, model CR
410 (Konica Minolta Sensing, Inc., Tokyo, Japan)
was used and the brightness of the color (L*), red
(a*) and yellow (b*) colour components, the hue of
the colour tone (H) and the colour saturation (C) were
measured.

Data analysis
Data were analyzed using the Microsoft Excel pro-

gram, Version 5.0 (SPSS Inc., Chicago, IL, USA).
All determinations were carried out in triplicate and
data were subject to analysis of variance (ANOVA).
ANOVA was carried out with the General Linear
Models (GLM) with a significant level of P  0.05
(Draper and Smith, 1998). The Fischer’s test with a
significant difference set at P    0.05 was used to com-
pare sample means (Kenward, 1987). In addition,
the correlation coefficient between colour properties

of the samples was calculated (Draper and Smith,
1998).

Results

The data from the instrumental determination of
the color properties of chilled salmon discs showed
that the color brightness (L*) values varied slightly for
all samples – between 40.86 and 47.20. At the be-
ginning of the experiment the color brightness (L*)
value of control samples was 43.23. At 4 d it de-
creased by 5.48 %. After that an increase was ob-
served and color brightness (L*) value of 46.10 was
reached at the 12 d. Such changes in color brightness
(L*) could be explained by the initial oxidation of color
pigments in fish muscles tissue. The oxidation process
is followed by moisture loss, which concentrates the
pigments in the sample. Despite of the higher b–caro-
tene content of salmon muscles, the lipids and muscle
pigments oxidize to à great extent during the 12 d of
storage. Thus the color brightness (L*) values increase
during the refrigeration. A little bit higher color bright-
ness (L*) values were determined for experimental
samples 1 (Table 1). For the first 4 days of experi-
ment the color brightness (L*) did not change signifi-
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Day 
of storage

Brightness 
of the color ( L*)

Red color 
component (a*)

Yellow color 
component (b*)

 Hue of the 
color tone (H)

Color 
saturation (C)

1 43.23± 0.11 26.76± 0.15 24.21± 0.13 33.57± 0.31 44.88± 0.36
4 40.86± 0.12 22.34± 0.17 22.70± 0.18 30.87± 0.39 41.99± 0.46
7 42.84± 0.19 22.29± 0.20 25.10± 0.21 31.55± 0.25 41.79± 0.33
12 46.10± 0.18 19.84± 0.23 18.54± 0.22 25.96± 0.49 41.27± 0.50
1 43.23± 0.11 26.76± 0.15 24.21± 0.13 33.57± 0.31 44.88± 0.36
4 43.11± 0.14 23.27± 0.13 20.98± 0.18 31.41± 0.49 44.87± 0.49
7 45.37± 0.13 23.50± 0.21 24.86± 0.21 34.42± 0.37 45.08± 0.47
12 46.50± 0.16 21.11± 0.19 18.05± 0.20 26.75± 0.44 41.75± 0.35
1 43.23± 0.11 26.76± 0.15 24.21± 0.13 33.57± 0.31 44.88± 0.36
4 44.45± 0.13 23.32± 0.17 20.52± 0.12 31.90± 0.43 45.42± 0.48
7 46.51± 0.14 25.17± 0.19 22.13± 0.23 35.75± 0.51 46.83± 0.52
12 47.20± 0.20 23.75± 0.18 17.43± 0.17 28.10± 0.38 42.19± 0.37

Control 
sample

Sample    
1

Sample    
2

Table 1

Samples
Color characteristics of the fish discs cross-section appearance

The instrumental readings of fish discs cross-section appearance color properties
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cantly (*P > 0.05) and reached values of 43.11. After
that up to the 12 d of storage it increased significantly
(*P < 0.05) by 7.8 % (Table 1). The color brightness
(L*) of experimental samples 2 increased constantly
during the storage and reached the highest values
(Table 1). Significant (*P < 0.05) increase of color
brightness (L*) values from the initial level of 43.23
(at the first day of experiment) to 47.20 (at the 12 d
of experiment) was observed (Table 1). The results
obtained showed that the superficial treatment of
salmon discs by spray containing 1 g DHQ.l-1 5%
water solution of ethanol, causes greater increase in
the color brightness (L*) at the 12 d of storage com-
pared to the control samples and samples treated by
spray containing 0.5 g DHQ.l-1.

The color redness (a*) of control samples de-
creased significantly (*P < 0.05) during the 12 d of
chilled storage (Table 1). For the first 7 days of stor-
age the colour redness (a*) of experimental samples
1 did not change significantly (*P > 0.05), but de-
creased by 11 % during the last five days (Table 1).
The color redness (a*) of experimental samples 2 did
not change significantly (*P > 0.05) during the chilled
storage and gained the highest values (Table 1). Obvi-
ously, the superficial treatment of salmon discs by
spray containing 1 g DHQ.l-1 5% water solution of

ethanol, contribute to preservation of color redness
(a*) of fish muscle tissue by increasing the reflection
in higher wave length 600-700 nm and perception of
red color (a*) or hue of the colour tone (Ñ). Between
this two parameters color redness (a*) and hue of the
color tone (H) was found moderate correlation (Table
2).

It was established that the colour yellowness (b*)
of the control samples varied during the chilled stor-
age. Significant (*P < 0.05) decrease and the lowest
values of 18.54 for color yellowness (b*) were es-
tablished at the end of experiment (12 d). Similar ten-
dency was found for the experimental samples 1 and
experimental samples 2 (Table 1). The lowest values
of color yellowness (b*) for specific storage period
were determined for the experimental samples 2 (Table
1). It was found that the superficial treatment of salmon
discs by spray containing 1 g DHQ.l-1 5% water solu-
tion of ethanol contributed to significant (*P < 0.05)
decreased color yellowness (b*) values of salmon discs
cross-section appearance by 6-12 %. The trends in
color alterations could be determined by fallowing the
changes in red and yellow color components ratio (à*/
b*) (Figure 1). For the control samples à*/b* ratio
slightly increased by 0.28 % up to the 4 d, after that
decreased significantly (*P < 0.05) by 9.51 % to the
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Yellow color component (b*) 0.50 0.72 0.10

Yellow color 
component (b*)

Color brightness 
(L*)

Hue of the color 
tone (H)

Table 2

Color saturation 
(C) 

Red color component (à*) 

Color brightness (L*)

Hue of the color tone (H) 0.06

Determination of statistically significant correlation between examined parameters 
using correlation coefficient |r|

Footnote: |r|  ≥ 0.85 – strongly pronounced correlations; 0.70 ≤ | r| < 0.85 – moderately strongly 
pronounced correlations; 0.60 ≤ | r| < 0.69 → moderately pronounced correlation; 0.50 ≤ | r| < 0.59 – 
slightly pronounced correlation

0.29 0.06 0.69 0.05

0.15 0.07
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Fig. 1. Changes of red component/yellow component
of the color (a*/b*) ratio of examined salmon disks

7 d and increased again to the end of experiment when
reached values 9 % higher than in the beginning. Similar
changes in the à*/b* ratio were found for the experi-
mental samples 1 (Figure 1). Compared to the con-
trol samples they reached higher à*/b* values and
greater increase (with 16%) at the end of the storage
period. The highest values of à*/b* ratio were found
for the experimental samples 2 (Figure 1). At the end
(12 d) of storage à*/b* increased significantly (*P <
0.05) by 38-39% (Figure 1).

The changes in the hue of the colour tone (H) of
studied samples were similar to those in the color yel-
lowness (b*) (Table 1). It was established a moder-
ately strong correlation (|r| = 0.72) between these two
parameters (Table 2). The hue of the colour tone (H)
values of control samples decreased by 8.04 % at the
4 d (Table 1). The registered increase at the 7 d was
not significant (*P < 0.05). At the end of experiment
(12 d) an increase by 8.00% compared to the 7 d
was observed. The hue of the colour tone (H) of ex-
perimental samples 1 take a medium values compared
to the control samples and experimental samples 2.
After 12 d of storage the hue of the colour tone (H)
decreased significantly (*P < 0.05) by 20.00%. The
highest (*P < 0.05) values of hue of the colour tone
(H) were determined for experimental samples 2 (Table
1). At the 12 d of experiment hue of the colour tone

(H) decreased significantly (*P < 0.05) by 16 – 17%.
The results obtained showed that the superficial

treatment of salmon discs by spray containing 1 g
DHQ.l-1 5% water solution of ethanol contributes to
significant (*P < 0.05) increase by 3 to 12% of the
hue of the colour tone (H) values and consequently of
the differentiation between light and dark colors.

The changes of color saturation (C) fallowed dif-
ferent trends comparing to the other color character-
istics (Table 1). During the 12 d storage of the control
samples, color saturation (C) decreased by 8.00 -
9.00% and reached its minimum of 41.27 at the end
of experiment (Table 3). The color saturation (C) of
experimental samples 1 did not change significantly
(*P > 0.05) up to the 12 d of storage (Table 1), and
afterwards decreased significantly (*P > 0.05) and
reached minimum value of 41.75 at the 12 d. There-
fore the superficial treatment of salmon discs by 0.005
% solution of DHQ preserves the color saturation (C)
of fish muscles up to the 7 d of chilled storage. The
highest (*P < 0.05) values of color saturation (C) were
determined for experimental samples 2 (Table 1). The
color saturation (C) increased significantly (*P < 0.05)
by 4.34% during the first seventh days of storage and
after that decreased by 10.00% to the minimum lev-
els of 42.19 (Table 1). It was established that the su-
perficial treatment of salmon discs by spray contain-

Effect of pretreatment with natural antioxidants on the colour surface....
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ing 1 g DHQ.l-1 5% water solution of ethanol did not
effect significantly (*P < 0.05) the color saturation (C)
of cross-section appearance.

Discussion

Better color characteristics were established for
the samples superficially treated by spray containing
1 g DHQ.l-1 5% water solution of ethanol. The colour
of salmon muscles remained stable during the chilled
storage.

It has to be noted, that the fish was delivered fresh,
chilled in flake ice. Therefore the muscle enzymes,
which are responsible for the lipid oxidation, keep their
higher activity. The dihydroquercetin shows high inhi-
bition activity towards the lipoxygenase (LD50 = 1 ìM)
(Yamamoto et al., 1984), inhibits the phosphodi-
esterase of AMP (adeninemonophosphate) and GMP
(guaninemonophosphate) (Ferrell et al., 1979;
Ruckstuhl and Landry, 1981), effectively inhibits the
cupper ions catalyzed oxidation of low density lipo-
proteins (Frankel et al., 1993), as well as the 10 -
500 µM cupper, vanadium and cadmium catalyzed
lipid peroxidation (Sugihara et al., 1999).

The natively higher b-carotene content of salmon
meat also takes part in antioxidant defend system of
fish muscles (Zhong et al., 2007) and thus affects the
obtained results. The impossibility for entering of the
antioxidant solution in the depth of fish muscles also
limits its effect. That is also a limitation of the effect of
DHQ. Nevertheless the treatment by 1 g DHQ.l-1 5%
water solution of ethanol preserves to the greater ex-
tend the color of salmon muscles compared to the
control samples and experimental samples 1.

Conclusions

The obtained results showed that the superficial
treatment of salmon discs by spray containing 1 g
DHQ.l-1 5% water solution of ethanol minimized the
color alterations of cross-section appearance at the
conditions of experiment. After 12 d of storage at
1±10Ñ the colour brightness (L*) increased by 2.3%,
the a*/b* ratio increased by 38 to 39%, the hue of

the colour tone (H) decreased by 3 to 12% and the
colour saturation (C) decreased by 2%. The colour
of fish muscles was preserved bright, fresh and or-
ange red. The superficial treatment of salmon discs
by spray containing 0.5 g DHQ.l-1 5% water solution
of ethanol was not so effective and the color of cross-
section appearance faded to some extend.  The pre-
treatment with a 0.1 % solution of DHQ was found
as a most effective for stabilizing the fish colour.
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