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ABSTRACT

The objective of this study was to evaluate the
effects of feeding pigmented feed (50 ppm
astaxanthin) to diploid or triploid Arctic charr,
Salvelinus alpinus, on growth rate, color of fil-
lets, and the variability of color within fillets.
Arctic charr with an average weight of 419.9 g +
83.3 g, including both diploid (n = 72) and trip-
loid (n = 72) fish, were allotted to each treatment:
0, 3 or 6 months of pigmented feed before
slaughter. Color assessment was made using a
portable reflected light colorimeter in the CIE
1976 L* a* b* color system mode. Feeding a pig-
mented diet to Arctic charr delayed sexual ma-
turity in male Arctic charr and to a certain extent
in females, but also slightly reduced the rate of
growth. With increasing time on the pigmented
diet, color parameters of the flesh increased as
well as the variability in color. Triploid fish had
more intense color assessments for each dietary
treatment than the diploid fish.

Keywords: Arctic charr; Pigment; Color; Maturation

1. INTRODUCTION

The Arctic charr, Salvelinus alpinus, is a salmonid
species well-suited for commercial production in north-
erly conditions. The development of the Arctic charr in-
dustry in Eastern Canada has been hindered in part by
quality concerns of the fillets. Color and appearance are
important attributes for consumer acceptability [1], with
pricing based on the intensity of the red hue [2] in some
salmonids. Variable fillet pigmentation has frequently
been reported for Arctic charr [1], and athough increas-
ing the dietary pigment concentration may improve flesh
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pigmentation, this will also increase the cost of supple-
mentation above 10% - 15% of feed costs [3].

In addition, early sexual maturation may be one of the
greatest constraints to commercial success of the industry
[4]. Sexual maturation of the fish results in reduced
growth due to increased gonadal growth, poorer flesh
quality and pigmentation, and decreased marketability
[5]. The use of triploidy induction to produce sterile
populations of fish is the most effective way to reduce
the negative effects of sexua maturation in Arctic charr [6].

This study was designed to evaluate the effects of
feeding pigmented feed (50 ppm astaxanthin) to diploid
or triploid Arctic charr for different lengths of time on
growth rate, color of fillets and the variability of color
within fillets.

2. MATERIALS & METHODS

Arctic charr with an average weight of 419.9 g + 83.3
g, including both diploid (non-sexed) (n = 72) and trip-
loid (n = 72), were dlotted to each treatment: O months
of pigmented feed, three months of pigmented feed or six
months of pigmented feed before slaughter. The feeds
used were Ewos Vita (0 ppm astaxanthin) and Ewos Pa-
cific (50 ppm astaxanthin). The feeding rates were 1.2%
of biomass per day for Months 0 to 3, and 1.0% for
Months 4 to 6 according to the manufacturer’s recom-
mendations. Information about the background of the
fish and triploidy induction was reported by [4]. All fish
were branded and fin-clipped for identification.

The fish were housed in two 4 m® tanks recirculated at
95% with injected oxygen and town water passed
through carbon filters to extract chlorine and under a
natural photoperiod with alight intensity of about 40 lux
throughout the experimental period. Because of the con-
straints of available tank space, PO and P3 fish were
housed in the same 4 m® tank while the P6 fish were
housed in a similar tank at 12°C. After three months, the

OPEN ACCESS


mailto:mcniven@upei.ca

230

P3 fish were removed from the tank containing fish fed
the non-pigmented feed and were housed in the tank
containing fish fed the pigmented diet. After 6 months of
feeding, al fish were weighed and slaughtered at the
same time. The gonads were dissected out and weighed,
and the fillets were held at 4°C until color assessment
was made within 24 h.

Color assessment on the fillets and skin was made us-
ing a portable reflected light colorimeter (CR200, Mi-
nolta Co. Ltd. Osaka, Japan). The instrument was cali-
brated to a standard white plate and recordings were
made in the CIE 1976 L* a* b* color system mode [7].

Results were analyzed using a two-way analysis of
variance with dietary treatment and sex as the main ef-
fects and interaction [8]. To calculate the degree of vari-
ability in color in the flesh, the standard deviations of
five measurements of color assessment were determined
and two-way analysis of variance with dietary treatment
and sex as the main effects and interaction was used.

3. RESULTS

The mean body weights (+SEM) according to sex and
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dietary treatment are shown in Table 1. The interaction
between dietary treatment and sex was significant for
both parameters. All male fish, and female or triploid fish
on the non-pigmented diet, had significantly higher body
weights at slaughter compared to female or triploid fish
on pigmented feed.

The weight of the gonads and the gonadosomatic in-
dex (GSI) are shown in Table 1. The interaction between
dietary treatment and sex was significant for both pa-
rameters. In general, male and female fish had higher
gonad weights and GSI on the non-pigmented feed com-
pared to fish on any length of time on the pigmented feed
except for the female fish which had similar gonad
weights and GSI for 0 and 3 months on the pigmented
feed. At any length of time on the pigmented diet, female
fish had a higher GSI than the males or the triploid fish.

Color parameters for the Arctic charr flesh are shown
in Table 2. There was a significant interaction between
dietary treatment and sex for al three parameters. For
each sex, the length of time on a pigmented diet had a
marked effect on the lightness, redness and yellowness of
the flesh. For the lightness parameter (L*), female fish

Table 1. Body and gonad weight, and gonadosomatic index of Arctic charr fed a pigmented diet for 0, 3 or 6 mo. and slaughtered
after 6 mo. The number of fish per treatment (0, 3 or 6 mo.) and sex were: Female, 15, 10, 11; Male, 9, 14, 13; Triploid, 24, 24, 24,

respectively.
Weight, g Gonad weight, g Gonadosomatic index
Months on pigmented feed Months on pigmented feed Months on pigmented feed
0 3 6 SEM 0 3 6 SEM 0 3 6 SEM
Female 9935z 870.0 yx 914.1 yx 60.0 101.7z 1011z 77.2y 6.47 10.5zy 117z 89y 0.67
Male 1088.6 z 1016.1 zy 999.2 z 60.0 46.4 x 12.6 w 145w 6.49 441 x 145w 143w 0.67
Triploid  1051.0z  923.5yx 853.5 x 41.8 8.03w 3.04w 275w 453 0.80 w 032w 034w 047
zyxw means within a parameter with different letters are different (P < 0.001).
Table 2. Color parameters of flesh and skin from Arctic char fed a pigmented diet for 0, 3, or 6 months.
L* Lightness a Redness b* Yellowness
Months on pigmented feed Months on pigmented feed Months on pigmented feed
Flesh? 0 3 6 SEM 0 3 6 SEM 0 3 6 SEM
Female 55.6z 551z 546z 0.48 222u 415w 6.07 x 0.26 841t 127w 154y 0.38
Male 546z 533y 51.0x 0.45 1.83u 3.32v 7.26y 0.24 8.48t 9.99u 13.5 xw 0.35
Triploid 524y 49.8w 495w 0.32 297v 5.72x 8.80z 0.17 11.4v 14.0x 171z 0.25
Skin®
Female 61.1 60.2 59.6 2.89 0.97 1.00 1.60 0.36 9.87 9.97 10.2 0.81
Male 64.8 63.9 68.3 2.58 042y 194z 169z 0.32 10.1 9.31 8.59 0.72
Triploid 73.8 70.6 69.6 2.02 135 1.46 122 0.25 6.71 7.86 7.37 0.57
Variability in flesh color measurements (standard deviations)”
Female 1.95 2.09 2.49 0.40 141 151 2.03 0.24 231y 331z 342z 0.29
Male 240 2.83 3.24 0.40 1.09y 141y 213z 0.24 211 1.83 2.38 0.29
Triploid 3.65 3.83 3.79 0.28 1.70 1.76 1.96 0.17 251 2.53 2.39 0.20

a Significant interaction between sex and dietary treatment. Means within Flesh and Color parameter with different letters are significantly different (P <
0.0001); b. Means within Skin and Variability and Color parameter with different letters are significantly different (P < 0.01).
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were not affected by length of time on the pigmented diet
while male fish and triploids had a decreasing amount of
lightness with increasing length of time on the pigmented
diet. For the redness parameter (a*), all sexes of fish had
an increase in @ with increasing time on the pigmented
diet, although the effect was most pronounced for the
triploid fish. For the yellowness parameter (b*), again all
sexes of fish had an increase in b* with increasing time
on the pigmented diet and the effect was more pro-
nounced for the triploid fish. In fact, the b* level for the
triploids on the non-pigmented diet was a so significantly
higher than for the males or females.

Variahility in flesh pigmentation was estimated by the
standard deviation of five measurements of color as-
sessment for each fillet (Table 2). Overall, there was a
significant increase in the variability of redness with six
months of dietary pigmentation (2.04 £ 0.123) compared
with three months (1.56 + 0.124) or zero months of die-
tary pigmentation (1.40 + 0.126) primarily due to a sig-
nificant increase in the variability of the a* of the mae
fish. For the lightness parameter, triploid flesh had the
highest degree of variability, and the female fish had the
lowest. The female fish had the highest degree of vari-
ability in the yellowness parameter and had a signifi-
cantly higher variability of b* for either pigmented feed
treatment than femal e fish on the non-pigmented feed.

For skin color parameters (Table 2), the only treatment
difference within sex was for the male fish and @ which
was significantly higher for fish on either pigmented feed
compared to fish on the non-pigmented feed.

4. DISCUSSION

The pinkish-red color of salmonid flesh is due to the
accumulation of carotenoids from the diet into the mus-
cle. During growth, dietary carotenoids accumulate in the
muscle, and then are released for several uses during the
reproductive process. During sexual maturation, feeding
behavior is reduced or stopped, and the resultant negative
nutrient balance results in white muscle breakdown to
support the development of gonads and eggs. During this
muscle degradation, there is an accompanying increase
in free radical production, and this additional oxidative
stress load is large enough to have caused the evolution
of compensatory processes in iteroparous fish [9].
Astaxanthin is avery powerful antioxidant and its release
from muscle during sexual maturation may play arolein
maintaining tissue integrity [9].

In addition, in females, carotenoids are thought to
function during fertilization by stimulating and attracting
spermatozoa to the eggs [10], and to be beneficia to the
viability of the fertilized eggs during incubation and the
growth and development of the fry [11]. In male fish,
carotenoids are redistributed to the skin from the muscle
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during sexua maturation and contribute to the increased
skin pigmentation needed to signal fighting ability to
other males [12], and to act as an attractant to females
[13]. Pigmentation of the flesh is also used as an attrac-
tant for consumers, as redness of fillets contributes to the
overall enjoyment of cooked salmonid fish [14] and may
have a signaling value as an indicator of product quality
[15].

In the present study, exposure to dietary carotenocids
delayed sexual maturation in the female and male Arctic
charr (Table 1). Thisis contrary to the report of [16] who
found that sexual maturation was delayed in female
rainbow trout on non-pigmented diets compared with
those fed diets containing astaxanthin. In the present
study, the triploid fish which were not monosexed had
overall no sexual maturity resulting in more intense flesh
pigmentation at each dietary level (Table 2).

Obvious differences in color parameters were meas-
ured for all groups of fish and dietary treatments, and the
intensity of color increased with increasing time on the
pigmented feed. The difference in yellowness may have
been due to differences in the relative proportions of ca
rotenoids in the flesh. Idoxanthin, a metabolite of astax-
anthin, was found in greater proportions in mature fish
compared to immature fish and might contribute to the
increased yellowness of the flesh [17]. At maturity,
astaxanthin is mobilized from the flesh to the skin (males)
or gonads (females), leaving a greater proportion of other
carotenoids. However, in the present study, the fish that
had sexually matured had lower levels of yellowness
than the immature fish. In addition, the triploid fish
which do not mature sexually had the highest yellowness
levels at the longest dietary pigment treatment so the
increase may have been due to an increased supply of
precursors to idoxanthin rather than a readjustment of the
proportions of the carotenoids.

At each dietary treatment time period, the triploid fish
had higher redness levels compared to the males or fe-
males demonstrating that some of the carotenoids were
being diverted for use when sexually mature.

Consumption of a pigmented diet adversely affected
body weight for al sexes of Arctic charr in this study. A
decrease in feed intake may have been the cause, al-
though the decrease may have been expected for the
non-pigmented diet rather than the pigmented diets since,
with the onset of sexual maturity, feed intake declines or
ceases. This was not the case with the male and female
fish on the non-pigmented diet in this study which had
the highest body weights with the highest GSI. The fish
density for the non-pigmented tank was 34.6 kg/m® and
the density for the pigmented tank was 57.8 kg/m®>. Al-
though the difference in density was not optimal from an
experimental point of view, both were in the ideal range
for Arctic charr and, therefore, should not have affected
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fish growth to a great extent [18].

As the intensity of the pigmentation increased, so did
the variability of the pigment within the flesh, in particu-
lar for the male fish and the red pigmentation, and the
females and the yellow pigmentation. Although the trip-
loid fish had large increases in the color intensity from
non-pigmented feed to six months of pigmented feed,
there was no related increase in the variability of pig-
mentation, probably because they were not sexualy ma
ture. During sexual maturation, carotenoids from the
flesh are mobilized and deposited in the skin of male fish
and into the gonads of female fish [19], and this transfer
is thought to be influenced by the steroid sex hormones
11-ketotestosterone and 174-estradiol [20]. The male fish
in the present study had increased skin pigmentation on
the pigmented diets but a lower GSI compared to males
on the non-pigmented diet. Reference [19] suggested that
the deposition of carotenoids in the skin may be mark-
edly influenced by dietary supply, the feeding of carote-
noid-rich diets appearing to promote pigment deposition
in the skin irrespective of the maturational status of the
fish.

In the present study, the variability of red color (a*)
increased for male fish, and of yellow (b*) for female fish
as the time on the pigmented feed increased, which is the
opposite relationship that [21] found with rainbow trout.

Precocious maturation in Arctic charr is a problem in
commercial farming operations because the maturation
process is accompanied by a decrease in growth rate and
a reduction in flesh quality [1]. In the present study, for
the fish on the non-pigmented feed, over 10% of the
body weight of the females and over 4% of the body
weight of the males consisted of gonadal weight, demon-
strating a diversion of dietary nutrients from the flesh to
the gonads. The use of triploid fish, even non-sexed ones,
seems warranted as both growth rate, nutrient partition-
ing and pigmentation was focused on the flesh. More
studies are needed to determine if the presence of caro-
tenoids in the diet can influence the onset of sexual ma-
turity in Arctic charr.

5. CONCLUSION

Feeding a pigmented diet to Arctic charr delayed sex-
ual maturity in male Arctic charr and to a certain extent
in females, but also dightly reduced the rate of growth.
With increasing time on the pigmented diet, color pa
rameters of the flesh increased as well as the variability
in color. Triploid fish had more intense color assessments
for each dietary treatment than the diploid fish.
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