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Effect of Different Astaxanthin Sources on Skin Pigmentation
of Red Sea Bream (Pagrus major)

Agus Kurnia!, Shuichi Sarou®*, Daisuke Kuramoto! and Satoshi Hanzawa?

Abstract: A study was conducted to investigate the effects of different dietary astaxanthin sources
on skin pigmentation of red sea bream (Pagrus major). Red sea bream (initial weight 91.8 g) were
randomly distributed in 60-/ glass tanks and fed four different experimental diets supplemented
with three kinds of astaxanthin sources, synthetic astaxanthin, Phaffia yeast and a marine bacte-
rium (Paracoccus sp.), at a level of 30 mg astaxanthin/kg diet, and a diet without supplement was
served as a control. Among the groups of fish fed astaxanthin diet, astaxanthin content in the skin
of fish fed with Paracoccus sp. and Phaffia yeast were higher than fish fed with synthetic astaxan-
thin. The results demonstrated that astaxanthin derived from Paracoccus sp. and Phaffia yeast
were effectively incorporated into the skin pigmentation of red sea bream and it might be sug-
gested that the other carotenoids in Paracoccus sp. induced to enhance the skin pigmentation.
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Introduction

Red sea bream, Pagrus major, is one of the
most popular finfish for marine aquaculture in
Japan. Due to its economic feasibility and the
traditional food habits of the Japanese people,
the aquaculture production of this fish is around
70.000 — 75.000 MT per year, being the second
largest in Japan after Seriola group (Koshio
2002). This species is highly prized for the pig-
mentation of their skin, which is due primarily
to the carotenoids, such as astaxanthin (Asx)
(Tanaka et al. 1976). The market value of red
sea bream is predominantly based on the visual
appeal of their skin. Product appearance and
quality implications play a significant role in
maintaining the highest consumer acceptance.
Shahidi et al (1998) associated the color of natu-
ral skin pigmentation with either acceptance or
rejection by the consumer.

The skin color of red sea bream is important
criterion. It has been found that this species
loses their natural color when subjected to
culture and this is caused by the lack of Asx in
their artificial diet (Katayama et al. 1965). And
the difference in skin color between cultured
and wild red sea bream has lowered the price of
cultured red sea bream. Therefore, to maintain
skin color in farmed fish, the Asx should be
supplemented in the diet.

Steven (1948) suggested that this species and
other aquatic animal are unable to synthesize
Asx de novo in their body, and only plants and
protists (photosynthetic bacteria, algae, fungi)
are capable of synthesizing carotenoid. In the
natural aquatic environment, Asx is accumu-
lated through the food chain from microalgae
or phytoplankton, so called at the primary
production level. Microalgae are consumed
by zooplankton, insects or crustaceans which
accumulate Asx, and they in turn are ingested
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by red sea bream and other fish (Kitahara 1984
and Foss et al. 1987).

Numerous trials have been conducted to
improve fish pigmentation by using common
Asx sources (Gomes et al. 2002; Choubert et al.
2006; Gouveia et al. 1998). In contrast, some new
Asx sources have been discovered. Paracoccus
sp. is a marine bacterium which produces Asx,
and was suggested to be a candidate source of
Asx (Yokoyama and Miki 1995). Therefore, the
current experiment was designed to investigate
the effects of supplementing red sea bream diet
with some new potential Asx sources on skin pig-
mentation. The potential of Paracoccus sp. and
Phaffia yeast as natural Asx sources was com-
pared with synthetic Asx.

Materials and Methods

Experimental diets

A control diet was formulated to contain 42%
crude protein and 13% crude lipid, without added
Asx (Table 1). With this basal diet, three other
diets were formulated to contain 30 mg Asx/kg
diet from three different sources: synthetic Asx,
Phaffia yeast and Paracoccus sp. Synthetic Asx
was derived from Carophyll pink® 10%, and the
Asx source which used in this study contains
at least 10% Asx and consisted in stereoisomers
BR,3'R), (3R,3'S) and (3S,3'S) occur in a ratio of
1:2:1 (DSM Nutritional Product 1996; Bernhard
1990). Phaffia yeast product is generated from
Phaffia rhodozyma. This product contained 4500
mg Asx/kg and was supplemented with 2000
mg ethoxyquin/kg. Phaffia rhodozyma contains
predominantly (93%) the 3R, 3'R enantiomeric
form of Asx and amounts to more than 70% of
the total carotenoids are Asx (ECHCP 2002).
Paracoccus sp. is one of the marine bacterium
which produces Asx. Formerly, it was known
as Agrobacterium aurantiacum and reclassi-
fied as Paracoccus sp. (Choi et al. 2005). The
genus Paracoccus consists of Gram-negative,
non-motile, rod-shaped and non-spore formers.
Colonies are orange to red in color and capable
of producing Asx (Lee et al. 2004). Asx content
in Paracoccus sp. was 3300 mg Asx/kg and con-
sisted in 3S,3'S isomers. Paracoccus sp. that

used in this experiment was obtained in extract
meal product and it is not alive bacterium. All
of the ingredients were mixed and pelleted by
using the laboratory pelletizer (AEZ12M, Hiraga-
Seikakusho, Kobe, Japan), dried with a vacuum
freeze-drier (RLE-206, Kyowa Vacuum Tech.,
Saitama, Japan) and stored at 4C. The diet was
protected from light to avoid degradation of Asx.

Fish, experimental conditions, and feeding

Red sea bream, Pagrus major, were obtained
from Seiho Suisan Co. Ltd. (Mie, Japan) and
fed commercial common carp feed (CP 35.1%,
CL 10.5%, and CA 9.6%) without supplemental
Asx. Sixteen fish (initial weight 91.8g) were
randomly distributed in each well-aerated 60-/
glass tanks. The feeding trial was conducted in
two replicates with re-circulated artificial sea-
water system (Sea Life®, Tokyo, Japan) at a flow
rate of 700 —800 ml/min. The water renewal
rate in the system was 50% a week. Important

Table 1. Formulation of the experimental diet of red sea
bream

Ingredients (g/100g) Diets’

ngredients (g Iy A p— —
Jack mackerel meal?® 45 45 45 45
Soybean meal® 10 10 10 10
Wheat flour? 215 215 215 215
Pregelatinized starch 5 5 5 5
Pollock liver oil 5 5 5 5
Soybean oil 35 3.5 35 35
Mineral mix.’ 1 1 1 1
Vitamin mix.® 3 3 3 3
Choline chloride 0.5 0.5 0.5 0.5
Vitamin E (50%) 0.1 0.1 0.1 0.1
Cellulose 54 537 437 449
Synthetic Asx 0 003 0 0
Phaffia yeast 0 0 0.67 0
Paracoccus sp 0 0 0 0.91

! Diets were recognized by their astaxanthin source: C = Control,
SA = Synthetic Asx, PY = Phaffia yeast, PR = Paracoccus sp.

2 Crude protein, 66%; crude lipid 13%.

3 Crude protein, 45%; crude lipid 3%.

* Crude protein, 17%; crude lipid 4%.

5 Pfree mineral mixture (g/100 g dry diet) contains: NaCl, 5.0;
MgS04.7H20, 74.5; FeC¢gHO7.7H20, 12.5; Trace element mix.,
5.0; Cellulose, 3.0.

Trace element mix (mg/g) contains: ZnSOy4.7H20, 353; MnSOy4.
5H20, 162; CuS04.5H20, 31; AlCl3.6H20, 10; CoCl 6H20, 1;
KIOs, 3; Cellulose, 440.

6 Vitamins mixture (mg/100 g dry diet) contains: Vitamin By, 6.0;
Vitamin By, 10.0; Vitamin Bg. 4.0; Vitamin By, 0.01; Vitamin C,
500.0; Niacin, 40.0; Ca-pantothenate, 10.0; Inositol, 200.0; Biotin,
0.6; Folic acid, 1.5; p-amino benzoic acid, 5.0; Vitamin Ks, 5.0;
Vitamin A, 4000.0IU; Vitamin D3, 4000.0IU.
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water quality parameters such as temperature,
pH and salinity were monitored daily and dis-
solved oxygen was measured fortnightly. All
the parameters were observed to be within the
acceptable limit for fish culture. Average daily
water temperature was 19.8C. The fish were
hand-fed each diet three times a day near satia-
tion for 12 weeks.

Sample collection and chemical analyses

Initial weight data were recorded at the begin-
ning of the experiment and growth of fish was
measured every 3 weeks subsequently. Feed
consumption was recorded weekly. After 12
week feeding, the fish were sampled to assess
growth response and to determine the feed
intake. The diets were analyzed for proximate
composition as described by Watanabe (1988).

Five fish from each tank were randomly sam-
pled for the skin, muscle and liver analyses. The
skin was collected by cutting around the dorsal
fin, while muscles were minced by a centrifugal
mill (Retsch ZM 100, Germany) fitted with a
0.25-mm screen. Liver samples were ground by
mortar. These samples were collected and kept
at —20C until analysis.

Total carotenoids content in diets, skin,
muscle and liver was determined by spectro-
photometer after extraction with acetone. For
carotenoid extraction, sample was weighted and
60 ml acetone and some sodium sulphate anhy-
drous were added. The mixture was ground and
filtered through glass microfibre filters (GF/A,
whatman paper) and rinsed with chloroform to
increase the boiling point of the mixture. After
mixing and phase separation between diethyl

Table 2. Results of proximate analysis and astaxanthin
content in the experimental diet

. . Diets!

Proximate analysis (%)

Control SA PY PR
Moisture 7.0 8.6 54 6.1
Crude protein 41.5 40.5 419 417
Crude lipid 13.2 128 133 138
Crude ash 8.3 8.1 8.4 84
Carotenoid contents (mg/Kkg)
Total carotenoids 2.03 34.8 745 258
Astaxanthin 1.00 31.0 358 377

IDiets were recognized by their astaxanthin sources : SA =
Synthetic Asx, PY = Phaffia yeast, PR = Paracoccus sp.

ether and water in separatory funnel, the upper
layer was taken and placed in a round bottle
flask to evaporate in a rotary evaporator at 35C.
The extract was concentrated and dissolved in
benzene. Total carotenoids concentration was
calculated from the absorbance of the benzene
solution according to the method of McBeth
(1972). The absorbance was measured by spec-
trophotometer (Shimadzu, Inc. Kyoto Japan), at
wavelength of 460 nm and 480 nm for yellow and
red carotenoids, respectively. Total carotenoids
was quantified by using an equation as follow:

) ABS  Dilution volume (ml)
Total carotenoid = TS - X 1000
(ppm) Eifm Sample weight (g)

ABS = Optical density
E = Extinction coefficient value=1900 (Red carotenoid in benzene)

=2500 (Yellow carotenoid in benzene)

Asx content of the diet, skin, muscle and liver
was determined by HPLC. The sample extract
which was still diluted with benzene was re-evap-
orated and then dissolved in 1mln- hexane
and 20u/ was used for injected into HPLC
(Shimadzu, LC-10 AD). This system consisted
of a 110 X 4.6 mm Lichosorb SI-60 (GL Sciences
Shimadzu, Inc. Kyoto Japan), with temperature
of 35C, using 20% acetone in 80% n-hexane as a
mobile phase and a flow rate of 1 ml/min. The
retention times and peak areas of Asx were com-
pared with those obtained from standard Asx (F.
Hoffman-La Roche AG, Switzerland).

Statistical Analysis

Means and standard deviations were cal-
culated for all fish for each parameter mea-
sured. All data were tested for normality and
homogeneity of variance. Differences among
groups were determined by one way ANOVA.
When appropriate, means were compared by
Duncan’s multiple range test. Statistical signifi-
cance was tested at a 0.05 probability level.

Results

No significant differences were found in
feed performance, such as specific growth
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Table 3. Effect of feeding carotenoids supplements on growth and feed utilization parameters after 12 weeks of

experiment
Diets
Control Synthetic Asx Phaffia yeast Paracoccus sp.
Initial (g) 93.1% 1.81‘ 92.5+0.3 92.0+£0.5 91.1+04
Final weight (g) 202 = 7.6 191£2.32 195+3.2° 198 +13%
Feed intake (g) 179+0.3° 167 +5.9° 151+6.1* 174 £ 10°
Growth® () 108 £5.8% 98.0x2.1% 103 +3.8° 107 £ 222
SGR! (g) 0.92+0.0% 0.86=0.0% 0.90+0.0* 0.92+0.12
FGR® (g 1.60=0.1° 1.71=0.0° 1.46+0.0? 1.60=0.2°

1Values (mean = SD of 16 fish) in the same column not sharing a common superscript letter are significantly different (P < 0.05).
% Different letter indicates significant differences among groups (P < 0.05).

3 Growth (g) = Final weight — initial weight.

4SGR: specific growth rate = 100 x (In final weight — In initial weight) /no.days.

> FGR: feed gain ratio = feed intake (g)/weight gain.
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Fig. 1. Total carotenoid content in the skin of red sea
bream after 12 weeks of experiment.

rate (SGR) and feed gain ratio (FGR) among
the dietary treatments (»>0.05) (Table 3).
However, total carotenoids content in the
skin of red sea bream fed the diets containing
Asx from natural sources (Paracoccus sp. and
Phaffia yeast) was significantly higher than that
of fish fed synthetic Asx (ANOVA, p <0.05)
(Fig. 1). In contrast, total carotenoids content
in the muscle and liver of red sea bream was
not affected by the dietary Asx sources. The
total carotenoids in the muscle of red sea bream
fed control, synthetic Asx, Phaffia yeast and
Paracoccus sp. diets were 1.5, 1.7, 1.2 and 1.0
mg/kg wet weight, respectively. On the other
hand, the total carotenoid contents in the liver
of red sea bream fed control, synthetic Asx,
Phaffia yeast and Paracoccus sp. diets were 2.2,
2.5, 2.5 and 2.0 mg/kg wet weight, respectively.
However, Asx contents were not detected in the
muscle and liver.

The use of the different Asx sources had sig-
nificantly (p < 0.05) effect on the Asx content in
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Fig. 2. Asx content in the skin of red sea bream after
12 weeks of experiment.

the pigmentation in skin of red sea bream (Fig.
2). Fish fed diet with Asx sources contained
higher levels of skin Asx than fish fed control
diet. Further, the skin Asx contents of fish fed
Paracoccus sp. and Phaffia yeast (as natural Asx
sources) were higher than that of fish fed the
synthetic Asx (p < 0.05).

Discussion

Carotenoids are known to have a positive role
in the intermediary of fish (Tacon, 1981; Segner
et al. 1989), that can enhance nutrient utiliza-
tion and may ultimately result in improved
growth (Amar et al. 2001). In the present study,
fish fed diets supplemented with Asx sources
did not show any difference in growth and
FGR from control group. These results are in
accordance with another study carried out with
Pagrus pagrus fed different carotenoid sources
for 105 days (Kalinowski 2005) and agreed well
with the growth performance of gilthead sea
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bream (Sparus auratus) fed different carotenoid
sources for 9 weeks (Katayama et al. 1976).
Carotenoid pigmentation in fish is affected
by dietary Asx source, dosage level, duration
of feeding and dietary composition (Bjerkeng
2000). Results on this experiment showed that
fish fed diet supplemented with Asx resulted
more reddish skin color; however, the skin was
colorless in the fish fed control diet. Among the
three sources of Asx, fish groups fed Paracoccus
sp. and Phaffia yeast, derived from natural Asx,
exhibited more reddish skin coloration than
that of synthetic Asx, suggesting better utiliza-
tion of the natural Asx. Numerous studies have
shown that natural Asx sources were more suit-
able carotenoid sources in fish feed compared
with synthetic Asx. For instance, Asx supple-
ment from shrimp shell meal in Pagrus pagrus
commercial diets could significantly improve
skin pigmentation (Kalinowski et al. 2005). In
another study with goldfish, the best coloration
obtained, as ascertained by total carotenoids
content, was achieved with using Chlorella
vulgaris biomass, and the red hue was maxi-
mum when used Haematococcus pluvialis bio-
mass (Gouveia et al. 2003; Harker et al. 1996). It
was also reported that the presence of phospho-
lipids in the algae might increase the absorp-
tion of carotenoids since dietary phospholipids
stimulated the absorption of dietary fatty acids
in post-larval turbot (Guerden et al. 1998).
Paracoccus sp., one of the natural Asx sources
containing free Asx, was considered to be more
efficient for skin pigmentation in fish from the
result of current study (Yokoyama and Miki
1995). It is a new and interesting phenomenon
because it was reported that the ester form of
Asx was more highly accumulated in the skin
than free form (Nakazoe et al. 1984; Lorenz
1998). Red sea bream fed a diet containing
100 mg/kg Asx in ester form presented a sig-
nificantly higher carotenoid accumulation in
the skin after one month feeding and 1.7-fold
higher Asx content after two month feeding
than the free form (Ito et al. 1986). However,
it was reported that Australian snapper fed the
diet supplemented with unesterified and esteri-
fied forms of Asx provided similar contents of

Asx accumulated in the skin (Booth et al. 2004).
The accumulation of Asx in the skin of fish fed
Paracoccus sp. was higher than Phaffia yeast. It
might be due to the form 3S,3'S of Asx produced
by Paracoccus sp., which is known as the carot-
enoid of alga Haematococcus pluvialis, while
Phaffia yeast contains only predominantly (97%)
of the 3R,3'R enantiomeric form. H. pluvialis, as
like Paracoccus sp., which contains 3S,3'S form
was superior as Asx source for skin pigmenta-
tion of red sea bream (Guerin and Hosokawa
2001). In this experiment, fish fed Phaffia yeast
could also accumulate Asx in the skin. It might
be due to proper preparation to remove the cell
wall before inclusion into the feed (Johnson et
al. 1980). However, some studies on rainbow
trout (Choubert and Heinrich 1993; Gouveia et
al. 1996b) using a natural Asx, H. pluvialis bio-
mass, showed no significant differences in flesh
pigmentation from fish fed Phaffia yeast and
synthetic Asx. This might be due to thickness of
cell wall in Phaffia yeast. Johnson et al. (1980)
demonstrated that the most efficient deposi-
tion of Asx in trout occurred when the cell wall
of Phaffia rhodozyma was partially removed by
enzymatic digestion.

In addition, higher Asx content in supple-
mented diets with Paracoccus sp. and Phaffia
yeast (Table 2) lead to significantly higher
Asx accumulation in skin than the fish admin-
istered diet with synthetic Asx. This finding
is in agreement with the report of Bjerkeng
(2000) who suggested that Asx accumulation
in the skin was not only affected by carotenoid
sources but by the dosage level. Among the
experimental diets, total carotenoids content
in the Paracoccus diet was higher than those of
Phaffia yeast and synthetic Asx diets. Thus, it
might be considered that the other carotenoids
except Asx in the diet supplemented with
Paracoccus sp. induced to enhance the accumu-
lation of Asx more than the other diets.

This study showed that fish fed diets supple-
mented with Asx did not show any pigmentation
in the muscle of red sea bream. Generally, red
sea bream could not accumulate carotenoids
in their muscle (Fujita et al. 1983; Ito et al.
1986). As like gilthead sea bream; it is well in
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accordance with the market image that red
sea bream has white muscle (Katayama et al.
1965). Whereas, hepatic Asx contents were not
affected by the various dietary Asx sources.

The data obtained in this study demonstrated
that Paracoccus sp. and Phaffia yeast might be
better Asx sources to enhance the skin pigmen-
tation in red sea bream.
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