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Abstract: This research was done in order to compare the effect of two astaxanthin sources (synthetic and
algal) on egg quality of rainbow trout. Tt was considered 7 groups consisting ¢ treatments by two different
astaxanthin sources and a control (without astaxanthin). So, algal astaxanthin (H. pluvialis) i three levels of
2.67,3.55 and 8 gm/kg food (T1, T2, T3) and synthetic source m three levels of 40, 80 and 120 mg/kg food in diet
(T4, T5, T6) examined on 140 trout broods (3-4years) for 4 months, before the spawning season. Egg quality
analyzed through indices such as egg diameter, fecundity, fertilization, eved egg and hatching rates. Significant
difference between treatments in terms of fecundity, eyed eggs rate and the number of eggs per gram was
observed (P<0.05), although m some factors such as diameter, egg weight per body and fertilization rate, no
significant differences was observed. By increasing level of astaxanthin in both sources of algal and synthetic,
hatching and eyed egg rates increased, but the effect of alga source on these indices was more perfect.
Comnsidering the results, the best result related to treatment of 8 gm/kg alga (T3). Observations during this
research indicated no disease and mortality and also proper coloration and freshness of fishes. Overall the
results asserted that the application of astaxanthun improves egg quality of rainbow trout. It also concluded
that natural astaxanthin (Heamatococcus pluvialis) for the reason that contains supplementary nutritious,
15 extraordinary preferable than synthetic astaxantlhin to improve reproductions indices and egg quality of
ramnbow trout.
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INTRODUCTION attributed to the type, composition and concentration of

the pigments contained [1-3, 7, 8], digestibility of the

Carotenoids are liposoluble pigments that are
responsible for many animal colors in the range of yellow
to red. They are biosynthesized by plants and certain
bacteria and fungi and may be absorbed and metabolized
by animals such as fishes. However, fish and other
animals are unable to biosynthesize carotenoids de novo
and must obtain them from their diets; for this reason the
carotenoids are added m the diet. Several source materials
such as yeast Phaffia rhodozyma, alga Dunaliella salina
and blue green alga Spirulina mavima and synthetic h-
carotene, canthaxanthin and astaxanthin have been used
for pigmentation of aquatic animals [1-6]. Efficiency
variation in pigmentation from the above sources can be

material itself [2] and possibly the presence of cofactors
in the material involved in absorption and deposition [9].
The green unicellular freshwater alga, Haematococcus
pluvialis, a potent producer of astaxanthin [10-13] has
been demonstrated to enhance the pigmentation of
rainbow trout [14-16], gilthead Seabream [17] and
omamental fish [18].

Astaxanthin (3,3’ -dihydroxy-p, B-carotene-4,4” -dione)
is one of the major carotenoids in aquatic animals
including salmonid [19]. The colour of salmonids is an
important criterion of quality. The typical red to pink
muscle color of salmomnids is due to astaxanthin, a
carotenoid from dietary origin that fish cannot synthesize.
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Today Astaxanthin is the preferred pigment added to
salmon feed. This pigment 1s present in nature;
nevertheless it can also be produced by chemical
synthesis [20]. The mgested carotenoids are deposited in
muscle, liver and skin along with their metabolites. Known
or suspected functions of astaxanthin m aquatic ammals
mclude: mproved provitamin A activity, antioxidant,
improved embryonic and larval development, Cellular
protection from photodynamic damage, enhanced growth
and maturation and formation of in-chain epoxides that act
as oxygen reserves under anoxic condition [21].

The iflnuence of nutrient availability on reproductive
physiology and broodstock performance in fish has been
These
of a number of nutrient

reviewed previously [22-24]. studies have
investigated the effects
supplements including polyunsaturated fatty acids,
vitamins C and E and the carotenoid pigment astaxanthin.
The quality of eggs i1s unportant because poor quality
eggs result in mcreased larval mortality and deformities
during egg and larval rearing which results in reduced
production effciency as well as fish health and welfare
problems. At present it is generally accepted that the best
source of eggs comes from wild caught fish, as these fish
tend to produce better quality eggs and larvae than
farmed broodstock. In cod, differences in carotenoid
plgment concentration have previously been identified
between wild and farmed cod broodstock [25]. A number
of studies have been carried out on other species of
farmed fish and numerous parameters have been reported
to mfluence egg quality such as broodstock nutrition,
environmental conditions and husbandry practices
[23, 26, 27]. If nutritional factors are responsible for quality
problems, then manipulation of broodstock diets should
provide a practical means of improving egg quality via
supplementation with essential nutrients.

Numerous functions have been proposed for
carotenoids in fish eggs include UV protection,
provitamin A activity, improved respiratory function
[28, 29] and antioxidant protection against free radical
damage [30]. These findings suggest that carotenoids are
important in ensuring normal embryonic development
and could alse affect hatching rates and larval survival
[28, 31, 32]. Caretonoids are also a source of pigmentation
in the embryo [33] and may be involved in photoreception
processes [34]. Supplementation of broodstock diets with
astaxanthin has also been shown to improve egg quality
m red sea bream and yellow tail [35, 36]. Dietary
carotenoid supplements have also shown a positive
relationship between egg pigmentation and fertilization as

well as survival of rainbow trout eggs [28, 36], wiule

Svensson et al [38] found the coloration of female G.
flavescens was strongly related to the carotenoid content
of the eggs.

This study was thus designed to systematically
compare various pigment sources including natural
(Heamatococcus pluvialis) and synthetic in different
levels i diets, for their effects on some mdices related to
reproduction efficiency of rainbow trout.

MATERIALS AND METHODS

Experimental Design and Diets: The experiment carried
out in seven cement ponds (5x1x1) at a trout hatchery in
Zagros of Iran. Twenty randomly tagged 3-4 years-old
broods of rainbow trout female in average weight of 2800
gm were stocked in each pond. Six parts of BFT diets were
supplemented by 2 sources of astaxanthin consisting
algal (H. pluvialis) and synthetic astaxanthin; each at
three concentrations, respectively: 2.67, 3.55 and 8 gmkg ™
alga (T1-T2-T3) and 40, 80 and 120 mgkg ~' (T4-T5-T6).
Group C was considered as control (without astaxanthin)
(Table 1). Except for the differences in source and
concentration of  astaxanthin, the other feed
characteristics in all seven diets were similar (Table 1).

Fish were fed with prepared foods two times a day.
Daily Food quantity until spawning season was 0.6-0.7%
of biomass and then decreased to 0.3-0.4% during
spawning season. The feeding period lasted for 120 days.
Due to better dissolution of carotenoids in oil, soybean oil
was used as algae and synthetic astaxanthin solvents
(30 mlkg food). The supplemented o1l sprayed slowly
onto the food, while food stirred simultaneously until all
the pellets were well coated with o1l and pigment.

Table 1: Treatments supplemented by different levels of astaxanthin in two

Sources

Treatment Astaxanthin source Concentration

T, Algal astaxanthin (H.pluvialis) 2.67g kg™! food
T, " 5.33g kg ! food
T, " 8¢ kg ! food

T, Synthetic astaxanthin 40 mg kg ~! food
Ts " 80 mg kg ~! food
Ts " 120 mg kg ~! food
C (control) Without ASTA

Diet composition of used food

Crude protein (%) 38.0
Crude fat (%6) 12.0
Ash (96) 10.0
Fiber (%0) 3.5
Phosphorus (26) 1.0
Moisture (%0) 11.0
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Some environmental factors such as water
temperature, pH and dissolved oxygen were measured

daily by a digital apparatus.

Egg Quality Assessment: The spawning period was
about three weeks so during this period, all of fish were
checked ndividually for their ripemuing stage once every
ten days so ready fishes were stripped and the obtained
eggs from each female were mixed by milt from at least
2 matured males. For this purpose, one group of selected
male was holed in a distinct pond by using usual BFT
food during experiment. Tn each stripping, about 10 gm
eggs were collected to measure indices mcluding egg
diameter and number in gm. Other egg quality indices
involving fecundity, fertilization, eyed egg and hatching
rates were calculated during artificially propagation
stages.

Egg samples were counted and weighted and then
number in grams was calculated as number of eggs/ egg
weight. The diameter of these eggs was determined by a
caliper. The total weight of eggs obtained from each fish
was measured and fecundity rate was calculated as weight
of obtained eggs to body weight of fish.

The fertilized eggs were placed into troughs and
incubated at temperature of 10.5+£0.5°C. Eight days post
fertilization (formation of the neural streak), white eggs
were counted to determine the fertilization rate. It was
calculated as the eggs number fertilized/ total egg. At the
eved egg stage at 18-20 days after fertilization, all dead
eggs were counted and eyed egg rate measured as the
number of eyed egg / total eggs fertilized. After hatching
(35 days after fertilization), the fry was counted. Hatching
rate was calculated as the number of hatched larvae/ total
incubated eggs.

Statistical Analysis: Data were processed using the SPSS
(Version 11.5) software. The results are presented as
meant SE of two replicates of grouped samples.

Homogeneity of variance test was conducted before
applying the parametric statistical analysis and when
necessary the data were transformed. The effect of the
treatments on measured indices was evaluated with a one-
way analysis of variance (ANOVA), considering as
factors the experimental diets and the samples. Tukey's
HSD test was applied to determine the sigmificant
differences between diets and samples.

RESULTS

Variation in some egg quality indices for the
feeding trial is shown in Table (2). The overall weight of
eggs obtained from a broodstock ranged between
3655 (T4) to 481.25g (T3) with non- significantly
different between diets. By increasing mn level of
astaxanthin in both sources, the weight of obtained eggs
increased. There was a sigmificant difference between
treatments among egg diameter (P<0.05) as broods fed
diet containing & gmkg'alga (T3) had maximum egg
diameter (5.42 mm) while control diet (C) was lowest (4.72)
(Fig. 1).

Significant difference in number of egg in gram was
found among all treatments (P<0.05). Broods fed control
diets had significantly greater number of eggs (P<0.05)
than those fed diets contaming pigments. No significant
difference was found in diets containing different level of
algal astaxantlun while by increasing m synthetic
astaxanthin concentration, the number of eggs per gram
decreased significantly.

Treatments significantly influenced fecundity rate
this study (Fig. 2); T3 containing algal astaxanthin
produced highest rate of fecundity (14.4). However, no
significant difference was found between three levels of
astaxanthin m  both synthetic and algal
Fertilization percentages were similar between treatments.
The highest rate of fertilization obtained in T5 (96.05%)

and control treatment (C) produced lowest rate (82.7)

SOUICEs.

Table 2: Effect of different levels of synthetic and algal astaxanthin on some egg quality indices of rainbow trout (Mean + SE)*

Treatments
Parameter Control (C) T1 T2 T3 T4 Ts Té
Brood weight {(gm) 3287.5£70.16°  3317.54307.17  3147.5£280.8°  3322.5+121.95  3280.04286.12*  3315.54205.57  3071.5+165.04
Egg weight (gm) 452.0431.71* 380.75£62.28* 3982543377  481.75£24.98  365.5437.21° 438.75470.14*  455.25421.21*
Egg diameter (mm) 481.75:24.98  5.2240.11% 5.240.04%° 5.42+0.01* 4.92+0.01% 4,960,081 5.27+0.01%
Egg number in gram 16.140.22* 12,040,508 13.2240.0450  12.0240.381 15.37+0.35® 14.4+0.28® 13.67+0.6%
Fecundity (%) 11.44:+0.89% 14, 780,34 13.2440.55°  14.64%0.31* 10.2740.88° 12.62+0.65 12.4140.58%
Fertilization (%) 90.74+0.96° 93.13+0.56% 95.3£0.60° 95.75£0.55° 92.84+0.86% 96.17+0.12¢ 96.54+0.98°
Hatching (%) 75.52+0.424 82.35£047 84.00£0.64°  88.8240.47 78.10+0. 66" 83.3+0.64° 85.77+0.45°
Eyed egg (%) 72.02+0.400 89, 12+0.40¢ 93 .90+0. 640 98.12+0.41* 78.27+0.65 85.55+0.85¢ 85.65+0.44%

*Results represent means + SE of 20 fish per treatment. Means not bearing the same superscript letters are significantly different (P<0.05)
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Fig. 1: Egg diameter in treatments supplemented with different levels of algal and synthetic astaxanthin. Values are

means + SE (n=20 fish). Values with different letters are significantly different (p<0.05)
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Fig. 2: Fecundity rate analysis of eggs collected from the treatments. Values are means + SE (n=20fish). Bars with

different letters are significantly different (p<0.05)
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Fig. 3: Egg quality parameters (fertilization, hatching and eyed egg rates) affected by dietary astaxanthin levels from algal
and synthetic resources. Values are means + SE (n=20 fish). The different superscripts within each group at the
top of each line are significantly different, P <0.05
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(Fig. 3). Treatments (T2 & T3) and also (T5 & T6), with

same levels of astaxanthin in utilized resources,
showed sigmificant difference with control treatment in
fertilization rate.

Sigmificant differences were found among eyed egg
rate between treatments. Highest eyed egg rates obtamed
m T3 (Fig. 3). Broods fed diets contaming algal
astaxanthin had greater percentage of eyed eggs than
those fed synthetic (P<0.05), as T1 supplemented with
lowest level of algal astaxanthin produced greater value
than T6¢ which supplemented with highest level of
synthetic one.

About eyed egg rate, a significant difference
observed among treatments in term of astaxanthin levels.
Figure (3) shows the highest hatching rate in T3 (88.82)
and lowest mn control treatment (75.52). In overall, diets
containing algal astaxanthin had significantly greater

hatching rate than synthetic one.
DISCUSSTON

Egg quality and fecundity of broodstock are very
important for hatchery operators. Problems with egg
quality can affect the larvae and lead to later production
problems such as slow growth, high mortality and
This can affect the
profitability of production. Carotenoids have a wide range

ege
respiration, cell growth and proliferation, as a precursor of

deformities. economics and

of functions m fish mcluding reproduction,
vitamin A, in vision, as a source of pigment and as an
antioxidant [21, 24, 28, 39]. Tts role in reproduction may be
as a substance which increases fertilization rates [40].
Along with the salmon growth, the concentration of
cantaxanthin and astaxanthin increases in muscle [41],
But during the development of the ovaries, carotenocids
from muscle and liver moving toward to the growing
ovarian and accumulate in ovule [42-44]. Carotenoid
content of eggs and its color 18 full depended on amount
of carotenoid stored in egg during yolk formation [45, 46].
Such species with large eggs require higher amounts of
plgment than those with small eggs and it 15 correlated
between the time of embryonic development and the
concentration of carotenoids in eggs [47]. In rambow
trout, high levels of astaxanthin and canthaxanthin in
eggs were found to improve fertilization rates [31]. In
addition, Ahmadi et al [19] showed that dietary
supplementation with astaxanthin in rainbow trout
broodstock gave a significant improvement in egg quality.
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Milulin and Sein [48] found that astaxanthin may help
improve egg quality during embryonic development. It
has also been suggested that astaxanthin functions as an
antioxidant and protects agamst light induced free radical
production.

Many researchers have demonstrated the importance
of dietary supplementation with astaxanthin for a variety
of species including striped jack (Pseucocarany dentex)
[49], rainbow trout (Oncorhynchus mykiss) [19] and
Atlantic Cod (Gadus morhua 1..) [50]. Tt contributes to the
fertility and egg quality of females and positively affects
the growth and survival of young salmon [51].

In present study quality indices of eggs produced by
broods fed dietary
astaxanthin were deswable. The lighest egg weight

astaxanthin  especially natural
obtained m T3 contamning highest level of natural
astaxanthin. Egg diameter obtamed in diets supplemented
with algal astaxanthin was more than synthetic ones in
size which asserted better performance of natural
astaxanthin. Similar results were reported by Watanabe
et al. [52] on sea bream and striped jack brood stock.

The number of eggs per gram was significantly
affected by astaxanthin especially algal astaxanthin as
maximum number obtained in control group (without
astaxanthin) and minimum number in T3.

The fecundity was mcreased with increased dietary
astaxanthin levels and maximum value obtamned in broods
fed diet containing highest level (8 gmkg ™" alga) of algal
astaxanthin. Previous studies also showed astaxanthin
improved egg quality and mcreased fecundity in broods
of cod [53] and in Peraeus monodon [54]. Pangantihon-
Kuhlmann et al. [55] and Ribeiro et al. [56] also reported
that broods of Penaeus monodon fed diets containing
high level of astaxanhin produced more egg and
spermatozoa.

Previous findings suggest that carotenoids are
important in ensuring normal embryonic development
and could also affect hatching rates and larval survival
[28, 31]. Because of the mmportance of astaxantlun in
embryo growth and development and in increasing
fertilization rates [28, 48], the egg concentrations of this
compound might also be an indicator of egg quality [57].
In present study, although no significant differences was
found among different sources and levels of astaxanthin
on fertilization rates, but levels of 80 and 120 mgkg™
astaxanthin (in both algal and synthetic source) were
significantly difference with control group (without
astaxanthin), which was indicating effect of astaxanthin
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on fertilization rate improvement. This is in agreement with
previous findings [58, 59]. As well as, a lack of
carotenoids in the diet of broodstock has been shown to
result in low fertility and deformities in marine fish larvae
[24].

Results of hatching and eyed egg rates m this study
showed that algal astaxanthin in level of 8 gmkg ™" alga
(T3) significantly affected on these factors as broods fed
control diets (without astaxanthin) had lowest hatching
rate. On the other hand, diets containing algal astaxanthin
produced higher rates of hatching rates other synthetic
astaxanthin, which demonstrated more effective influence
of algal astaxanthin than synthetic ones in egg quality
umprovement as highest eyed egg rate obtammed in T3. In
present study, eved egg rate quite impressed by natural
astaxanthin in sofar as even in T1 containing lowest level
of algal astaxanthin, eyed egg rates was more than T6
containing hghest level of synthetic astaxanthin.

Observations during this research indicated no
disease and mortality and also proper coloration and
freshness of fishes which asserted the effect of
astaxanthin on stress resistance and immunity to diseases
immprovement. Recent studies showed that enhancement
of resistance to oxygen depletion stress [60], salinity
and thermal stress [61], ammonia stress [62] and
pathological stress [63] in penaeid post larvae was
associated with an increase in dietary and body
astaxanthin, It was also demonstrated that formulated
diets which carry the microbial carotenoids in the feed
resulted m recovery of skin carotenoids to the fishes
subjected to stress [64]. So, astaxantlin in addition to
pigmentation of tissue and sexual cells, adversely atfected
the efficacy of astaxanthin supplementation m stress
reduction and enhancement of immune function.

In overall, this study showed that supplementation of
astaxanthin in broodstock diets and also the type of
pigment resource was an effective factor on egg quality
enhancement and reproduction efficiency improvement.
Although among some factors such as diameter, weight
and fertilization rate was found no significant differences
between treatments but totally, best performance of trial
obtained in T3 (8 gmkg ™" alga). According to this study
and recent findings [52, 65, 66] natural astaxanthin have
proven far superior to synthetic astaxanthin in broods
feeding and mmproved breeding and increased both the
quantity of eggs as well as the quality of the eggs. Some
aquaculture companies are beginming to use natural
astaxanthin instead of synthetic even though it costs
more. Aquaculture is a highly competitive industry, so
paying more for a feed mgredient 1s only done when there
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is a clear reason why it makes economic sense. Similar to
all the research going on with natural astaxanthin for
human nutrition, and companies

researchers are

sponsoring feed trials for ammals with natural astaxanthin.
REFERENCES

Yamada, S., Y. Tanaka, M. Sameshima and Y. Tto,
1990. Pigmentation of prawn (Peraeus japonicus)
with carotenoids: T. Effect of dietary astaxanthin,
[-carotene and canthaxanthin on pigmentation.
Aquacult., 87: 323-330.

Chien, Y H. and S.C. Jeng, 1992. Pigmentation of
kuruma prawn, Penaeus japonicus Bate, by various
pigment sources and levels and feeding regimes.
Aquaculture, 102: 333-346.

Mensaveta, P., W. Worawattanamateekul, Y. Latscha
and I.8. Clark, 1993. Correction of tiger prawn
(Penaeus monodon Fabricus) coloration by
astaxanthin. Aquac. Eng., 12: 203-213.
Negre-Sadargues, G., R. Castillo, H. Petit, S. Sance,
G. Martinez, I.C.G. Milicua, G. Choubert and
TP. Trilles, 1993. Utilization of synthetic carotenoids
by the prawn Penaeus japonicus reared under
laboratory conditions. Aquaculture, 110: 151-159.
Liao, WL., S.A. Nur-E-Borhan, 3. Okada, T. Matsu,
K. Yamaguchi, 1993. Pigmentation of cultured black
tiger prawn by feeding with a Spirulina supplemented
diet. Nipp on Suisan Gaklkaishi/ Bull. Tpn. Sec. Sci.
Fish, 59: 165-169.

Okada, 3., S.A. Nur-E-Borhan and K. Yamaguchi,
1994. Carotenoid composition in the commaercial black
tiger prawns. Fish. Sci., 60: 213-215.

Howell, BK. and AD. Matthews, 1991. The
carotenoids of wild and blue disease affected farmed
tiger shrimp (Penaeus monodon Fabricus). Comp.
Biochem. Physiol., 98B: 375-379.

Petit, H., G. Negre-Sadargues, R. Castillo and
I. Trilles, 1997. The effects of dietary astaxanthin on
growth and moulting cycle of post larval stages of
the prawn Penaeus japonicus (Crustacea, Decapoda).
Comp. Biochem. Physiol., 117A: 539-554.

Shahidiy, F., R. Metusalach and J.A. Brown, 1998.
Carotenoid pigments in sea foods and aquaculture.
Crit. Rev. Food Sci. Nutr, 38: 1-67.

Czygan, F.C., 1968, Zum Vorkommenvon
Crustaxanthun  (3,3V_4,4V-Tetraoxi-h-carotin) und
opteron  (4-Oxo-a- carotin)
Aplanosporenvon Haematococcus pluvialis Flotow
em. Wille. Flora, Abt. A., 159: 339-345.

10.

Phoenic in



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

World J. Fish & Marine Sci., 3 (6): 339-347, 2011

Borowitzka, M.A., I M. Huisman and A. Osborn,
1991. Culture of the astaxanthin-preducing green
alga Haematococcus pluvialis: 1. Effect of
nutrients on growth and cell type. J. Appl. Phycol,,
3: 295-304.

Boussiba, S. and A. Vonshak, 1991. Astaxantlin
accumulation 1 the green alga Haematococcus
pluvialis. Plant Cell Physiol., 32: 1077-1082.

Grung, M., FM.L. D’Souza, M. Borowitzka and
S. Liaaen-Jensen, 1992, Algal carotenoids 351.
Secondary carotencids 2. Haematococcus pluvialis
aplanospores as a source of (35,3VS)-astaxanthin
esters. J. Appl. Phycol., 4: 165-171.

Sommer, T.R., W.T. Potts and N.M. Morrissy, 1991.
Utilization of micro algal astaxanthin by rambow trout
(Oncorhynchus mykiss). Aquaculture, 94: 79-88.
Sommer, T.R., FML. D’Souza and N.M. Morrissy,
1992, Pigmentation of adult rambow trout,
Oncorhynchus  mykiss, using the green alga
Haematococeus pluvialis. Aquaculture, 106; 63-74.
Choubert, G. and O. Heinrich, 1993. Carotenoid
pigments of the green alga Haematococcus pluvialis:
assay on rainbow trout, Owncorhynchus mykiss,

pigmentation in comparison with  synthetic
astaxanthin  and canthaxanthin.  Aquaculture,
112: 217-226.

Gomes, E., J. Dias, P. Silva, L. Valente, J. Empas,
L. Gouveia, J. Bowen and W. Young, 2002. Utilization
of natural and synthetic sources of carotenoids in the
skin coloration of gilt head sea bream (Sparusaurata).
Eur. Food Res. Technol., 214: 283-293.

Gouveia, I.., P. Rema, O. Pereira and J. Empis, 2003.
Coloring omamental fish (Cyprinuscarpio and
Carassiusauratus) with micro algal biomass. Aquac.
Nutr., 9: 123-129.

Ahmadi, MR., A.A. Bazyar, S. Safi, T. Ytrestey] and
B. Bjerkeng, 2006. Effects of dietary astaxanthin
supplementation on reproductive characteristics of
rainbow trout (Oncorhynchus mykiss), Applied
Ichthyol., 22: 388-394.

Rifer, CE.,]. Moeseneder, K Briviba, G. Rechkemmer
and A. Bub, 2008. Biocavailability of astaxantlun
stereo 1somers from wild (Oncorhynchus spp.) and
aquacultured (Safmo salar) salmon in healthy men: a
randomized, double-blind study. British J. Nutrition,
99: 1048-1054

Torrissen, O.J, 1990. Biological activities of
carotenoids in fishes, in the current status of fish
mutrition in  aquaculture, M. Takeda and T.
Watanabe, ed., Tokyo University of Fisheries,
Tokyo, Japan, pp: 387-399.

545

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33

Hardy, R., 1985. Salmon broodstock nutrition, in
Salmon Reproduction, (eds R. Iwamoto and S.
Sower), ed., Washington Sea Grant Programmer,
University of Washington, Seattle, pp: 98-108.
Bromage, N.R., 1995 Broodstock management and
seed quality - general considerations. In: Bromage,
N.R., Roberts, R.J., (Eds.) Broodstock Management
and Hgg and Larval Quality. Blackwell, London,
pp: 1-24.

Pavlov, D., E. Kjersvik, T. Refsti and . Andersen,
2004. Brood stock and egg production, in Culture of
cold-water marine fish, E. Moksness, E. Kjersvik and
T. Olsen, edn, Blackwell Publishing Ltd., Oxford,
pp: 129-203.

Salze, G., D.R. Tocher, W.J. Roy and D.A. Robertson,
2005. Egg quality determinants in cod (Gadus
morhua L.): Bgg performance and lipids n eggs from
farmed and wild broodstock. Aquacult. Res.,
36: 1488-1499.

Bruce, M., F. Oyen, G. Bell, I.F. Asturiano,
B. Farndale, M. Carrillo, S. Zanuy, I. Ramos and
N. Bromage, 1999. Development of broodstock diets
for the European Sea Bass (Dicentrarchus labrax)
with special emphasis on the importance of n-3 and
n-6 highly unsaturated fatty acid to reproductive
performance, Aquaculture, 177: 85-97.

Brown, I.A., G. Minkoff and V. Puvanendran, 2003.
Larvi culture of Atlantic cod (Gadus morhua):
progress, protocols and problems, Aquaculture,
227: 357-372.

Craik, J.C.A., 1985. Egg quality and egg pigment
content in salmonid fishes. Aquaculture, 47: 61-88.
Mikulin, A E., 2000. Functional role of pigments and
pigmentationin fish ontogeny. VNIRO, Moscow,
pp: 432 (In Russian).

Edge, R., D.I. McGarvey and T.G. Truscott, 1997.
The carotenocids as anti-oxidants - a review, T.
Photochemistry and Photobiol. Biol., 41: 189-200.
Torrissen, O., 1984, Pigmentation of Salmomnids. Effect
of Carotenoids in Eggs and Start Feeding Diet on
Survival and Growth Rate. Aquaculture, 43: 185-193.
George, 3.B., I.M. Lawrence, A.L. Lawrence, I. Smiley
and L. Plank, 2001. Carotencids in the adult diet
enhance egg and juvenile production in the sea
urchin  Lytechinus Variegates. Aquaculture,
199: 353-369.

Pan, C.H., Y.H. Chien and I.H. Cheng, 2001. Effects of
light regime, algae in the water and dietary
astaxanthin on pigmentation, growth and survival of
black tiger prawn Penaeusmonodon post-larvae.
Zool. Stud., 40: 371-382.



34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

World J. Fish & Marine Sci., 3 (6): 339-347, 2011

Rennestad, 1., 8. Helland and I. Lie, 1998. Feeding
Artemia to larvae of Atlantic halibut (Hippoglossus
hippoglossus L.) results m lower larval vitamin A
content compared with feeding copepods.
Aquaculture, 165: 159-164.

Watanabe, T. and W. Miki, 1993. Astaxanthin: an
effective dietary component for red sea bream
broodstock. Tn: 8.7, Kaushik and P. Lugquet, (Eds.)
Fish Nutrition in Practice INRA, Paris, pp: 27-36.
Veralunpiriya, V., K. Mushiake, K. Hawano and
T. Watanabe, 1997. Supplemental effect of
astaxanthinin brood stock diets on the quality of
vellow tail eggs. Fish. Sci., 63: 816-823.

Hamms, L E., 1984. Effects of a brood fish diet fortified
with canthaxanthin on female fecundity and egg
color. Aquaculture, 43: 179-183.

Svensson, P.A., C. Pélabon, I.D. Blount, P.F. Surai
and T. Amundsen, 2006. Does female Nuptial
coloration reflect egg carotenoids and clutch quality
in  the two-spotted  goby (Gobiusculus
Tavescens,Gobiidae)? Funct. Ecol., 20: 689-698.
Tacon, A.G.J., 1981. Speculative
possible carotenoid function in fish. Fish-Cult,
43: 205-208.

Christiansen, R. and O.J. Torrissen, 1997. Effect of
dietary astaxanthin supplementation on fertilization
and egg survival in Atlantic salmon (Salme salar L.).
Aquacultu., 153: 51-62.

Tormssen, O.J., RW. Hardy and K.D. Shearer, 1989.
Pigmentation of salmomds carotenoid deposition and
metabolism. CRCCrit. Rev. Aquat. Sci, 1: 209-225.
Steven, D.M., 1948. Studies Animal
Carotenoids 1. Carotenoids of Brown Trout. J. Exp.
Biol., 25: 369-387.

Loginova, T.A., 1967. Carotenoid of Rainbow
Trout in the Development of Gonads and the eggs.
In: The Metabolism and Biochemistry of fishes.
Vysshaya Shkova Press, Moscow, pp: 336-340
(in Russian).

Bromage, N., C. Randall, M. Thrush, B. Davis,
I, Springate, J. Duston and G. Barker, 1992.
Broodstock management, fecundity, egg quality and
timing of egg production m rambow trout
(Oncorhynchus mykiss). Aquaculture, 100: 141-166.
Kitahara, T., 1983. Behavior of Carotenods in the
Chum Salmon (Oncorhynchus keta) During
Development. Bull. Jap. Soc. Sci. Fish, 50: 531-536.
Torrissen, K.R. and O.J. Torrissen, 1985. Protease
Activities and Carotenoid Level During the Sexual

review of

on

Maturation of Atlantic Salmon (Salame salar).
Aquaculture, 50: 113-122.

546

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Mikulin, A.E., 2003. The influence of Carotenoids
Contamned in the Eggs Upon the Offspring Quality at
Artificial  Fish Breeding, Proceeding Book,
International Symposium, Cold Water Aquaculture,
September -13, 2003, Russia.

Mikulin, AY. and 3.G. Soin, 1975. The Functional
Significance of Carotenoids in the Embryonie
Development of Toleost. T. Ichthyol., 15: 749-759.
Vassallo-Agius, R., H. TImaizumi, T. Watanabe,
T. Yamazaki, S. Satoh and V. Kiron, 2001. The
nfluence of astaxanthin -supplemented dry pellets on
spawning of striped jack. Fisheries Sci., 67: 260-270.
Sawanboonchun, J., W.J. Roy, D.A. Robertson and
B.I. Gordon, 2008. The impact of dietary
supplementation with astaxanthin on egg quality 1n
Atlantic cod brood stock (Gadus morhua, L.).
Aquaculture, 283: 97-101.

Sigurgisladottir, 5., O. Tomissen, . Lie, M.
Thomassen and H. Hafsteinsson, 1997. Salmon
quality: methods to determine the quality parameters.
Rev. Fish. Sci., 5: 223-252.

Watanabe, T. and R. Vassallo-Auis, 2003. Brood
stock nutrition research on marine finfish in Japan.
Aquaculture, 227: 35-61.

Sawanboonchun, T, 2009. Atlantic Cod (Gadus
morhua L.) Broodstock Nutrition: The Role of
Arachidonic Acid and Astaxanthin as Determinants
of Egg Qualty. PhD Thesis. Institute of
Aquaculture, Umversity of Stirling, Scotland, pp: 212.
Chien, Y.H., CH. Pan and B. Hunter, 2003. The
resistance to physical stresses by Penaeus monodon
juveniles feddiets supplemented with astaxanthin.
Aquaculture, 216: 177-191.

Pangantihon-Kuhlmann, M.P., O. Millamena and
Y. Chern, 1998. Effect of dietary astaxanthin and
vitamin A on the reproductive performance of
Penaeus monodon broodstock.  Aquat.  Living
Resour., 11: 403-405.

Ribeiro, EA., G.C. Genofre and J.C. McNamara, 2001.
Identification and quantification of carotenoid
pigments during the embryonic development of the
fresh water shrimp Macrobrachium olf ersu
{(Crustacea, Decapoda). Mar. Freshw. Behav. Physiol.,
34:105-116.

Hartman M., F.G. Medem, R. Kuhn and H.J. Bielig,
1947, Untersuchngen Uber die Berfruchtungs Stoffe
der Regenbogeforellle. 7. Naturforsch, 2: 330-343.
Craik, J.C.A and S.M. Harvey, 1986. The carotenocids
of eggs wild and farmed atlantic salmon and their
changes during development to the start of feeding.
. Fish Biol., 29: 549-565.



59.

60.

61.

62.

63.

World J. Fish & Marine Sci., 3 (6): 339-347, 2011

Bazyar, A., M. Ahmadi and B. Mojazi-Amiri, 2005.
The effect of different astaxanthin concentrations
its and consequently
fertilization rate in rainbow trout. Iraman J. Natural
Res., 58:114-123.

Chien, Y.H., IM. Chien, C.H. Pan and K. Kurmaly,
1999. Oxygen depletion stress on mortality and lethal
course of juvenile tiger prawn Peraeus monodon fed
high level of dietary astaxanthin. J. Fish. Soc.,
Taiwan, 26: 85-93.

Chien, Y.H., CH. Pan and B. Hunter, 2003. The
resistance to physical stresses by Penaeus monodon
juveniles fed diets supplemented with astaxanthin.
Aquaculture, 216: 177-191.

Pan, CH., Y H. Chien and J.H. Cheng, 2003a. Effects
of light regime, algae mn the water and dietary
astaxanthin on pigmentation, growth and survival of
black tiger prawn Penaeus monodon post-larvae.
Zoological Studies, 40: 371-382.

Pan, CH., YH Chien and B. Hunter, 2003b.
Alterations of antioxidant capacity and hepato
pancreatic enzymes in Penaeus monodon (Fabricius)
juveniles fed diets supplemented with astaxanthin
and exposed to Vibrio damsela challenge. T. Fish. Soc.
Taiwan, 30: 279-290.

on retention 1 ovule

547

64.

65.

66.

Dharmaraj, 8. and K. Dhevendaran, 2011. Application
of Microbial Caroenoids as a Source of Colouration
and Growth of Omamental Fish Xiphophorus
helleri. World Journal of Fish and Marine Science
(IDOSI Publications), 3: 121-125.

Aqus, R, T. Wattanabe, S. Satoh, V. Kiromn,
H. Imaizumi, T.Yamazaki and K. Kawano, 2001.
Supplementation of paprika as a carotenoid source in
soft-dry pellets for broodstock vellow-tail.”Seriola

quinqueradiata  (Temminck  and  Schlegel).
Aquaculture Res., 32: 263-272.

Capelli, B. and B. Cysewski, 2007. Natural
Astaxanthin: King of the Carotenoids. Cyanotech
Corporation  Publication.  Holualea, Hawai, pp:
19-110.



