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ABSTRACT. This work aimed to improve reproductive maturation in two penaeoid species (Artemesia
longinaris and Pleoticus muelleri) by using carotenes added in artificial feeds and comparing antioxidant activity
and carotenoids profiles. Immature females were kept for 45 days at salinity 33, temperature at 18°C, pH 7,
12:12 h photoperiod, ammonium <0.2mg L* and seawater exchanged at 100% per day. Feeding regimes
consisted of 50% fresh frozen ingredients (clam muscle and squid mantle) and 50% dry pellets. For each species,
three pelletized feeds were tested, one as a control (C) and two supplemented each one with 300 mg astaxanthin
(A) and B-carotene (B) kg of diet. At the end of the trials, ovaries, midgut gland, and integument were sampled.
In both species, the addition of carotenoids improved ovarian development: 100% of females fed A or B diets
were mature, but of the females fed with diet C only 75% (P. muelleri) and 64% (A. longinaris) matured. Ovaries
of mature females exhibited the highest concentration of carotenoids. The abundance of free astaxanthin
regarding total carotenes, suggests that excess of free astaxanthin could be biotransformed to esterified
astaxanthin. The scavenging properties were evaluated against the stable 1,1-diphenyl-2-picrylhydrazyl (DPPH)
radical by electron resonance spectroscopy (EPR). For all feed treatments, the extracts exhibited strong DPPH
scavenging activity, without significant differences among them.

Keywords: Artemesia longinaris; Pleoticus muelleri; crustacean; maturation; nutrition; supplemented feed

INTRODUCTION

The prawn Artemesia longinaris Spence Bate, 1888,
and the red shrimp Pleoticus muelleri (Spence Bate,
1888) are two Argentine native penaeid species
distributed along the southwestern Atlantic coastal
waters, from Rio de Janeiro (Brazil) to Patagonia
(Argentina). Both with high commercial value and
potential for culture in temperate-zone. It is advisable
to perform complete cycle in captivity, or at least
capture impregnated females at sea, rear the larvae and
make them grow to market size. For this, it is essential
to understand the biology of these species, which
requires understanding maturation processes, mating,
larval culture, fattening, and special nutritional require-
ments.

The use of an optimal diet is known to be a crucial
factor for sexual maturation and reproduction. Most
shrimp broodstock diets consist of fresh-frozen seafood
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such as squid, mussels, worms, and clams, among
others, but the nutritional quality of these foods can
vary according to season. Fresh-foods also present
several disadvantages, such as the increased risk of
disease transmission, variable nutritional quality,
unpredictable supply, and the potential to cause
deterioration of water quality in hatchery culture
systems (Harrison, 1990, 1997). The use of pelletized
diets is advantageous because they are easier to
manage, store, and they present less danger of
pathogenic contamination (Wouters et al., 2002).
Commercially available broodstock pellets have been
successfully used to replace fresh compounds in
various proportions. Prepared dry feeds are frequently
used as supplements comprising 20-50% of a
maturation diet (Bray et al., 1990; Diaz & Fenucci,
2004; Ghorbani-Vaghei et al., 2017).

Use of bioactive substances such as nutritional
additives to improve cultured shrimp yields is receiving
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increased attention, for example, there are efforts to
define the biological function of carotenoids as a dietary
supplement (Huang et al., 2008; Sawanboonchun et al.,
2008; Niu et al., 2012). Carotenoids are a group of
pigments that cannot be biosynthesized by animals;
therefore, these must be incorporated through diet or by
metabolic transformation derivative of some dietary
carotenoid. In crustacean, carotenoids' metabolic route
involves an oxidative sequence that starts with B-
carotene of dietary origin involving hydroxy or keto-
carotene carotenoids as intermediaries, and its final
product is astaxanthin (Katayama et al., 1973). Benefits
of carotenoids in the diet include stimulating the
immune system, increasing tolerance to stress, improving
embryonic and larval development (Regunathan &
Wesley, 2006), and enhancing reproduction and matu-
ration of shrimp broodstock (Pangantihon-K#hlmann et
al., 1998; Paibulkichakul et al., 2008). Additionally,
carotenoids are a source of vitamin A (Lifian-Cabello et
al., 2002).

Carotenoids also play an essential role in animal
health as antioxidants through the inactivation of free
radicals produced from regular cellular activity and
various stressors (Chew, 1995). The antioxidant
behavior of a carotenoid molecule depends on its
structure and the nature of the oxidizing species itself.
Quenching constants for 1O, is directly related to the
position of conjugated double bonds but may be
influenced by other structural features as the nature and
position of substituent groups on the carotenoid
molecule (Young & Lowe, 2001). Consequently,
carotenoids have been reported to be the most efficient
quenchers of singlet oxygen (*O2) and the astaxanthin
as a member of the carotenoid family reduces the
oxidation rate (Pu et al., 2010).

The body produces several endogenous antioxidants
capable of scavenging these harmful reactive oxygen
species (ROS) to maintain an optimal oxidant-
antioxidant balance. However, under conditions of high
oxidative stress, these antioxidants' ability to eliminate
ROS is often inadequate and, therefore, dietary sources
of antioxidants or drugs are required (Chew & Park,
2004). Free radical scavenging activity of carotenoids
can be evaluated by spectroscopy and electron para-
magnetic spin resonance (EPR) spectroscopy methods,
considered the most accurate method for detecting free
radicals (Halliwell & Gutteridge, 2001).

The present study focused on improving the
maturity of reproductive shrimp stocks of A. longinaris
and P. muelleri, by using bioactive substances like
carotenes (astaxanthin and p-carotene) added in
artificial feeds, to define their potential as bioactive
dietary supplements, comparing antioxidant activity
and carotenoids profiles.

MATERIALS AND METHODS

Chemicals

The DPPH standard was obtained from Aldrich.
Astaxanthin  (98%) and p-carotene (93%) were
obtained from Sigma-Aldrich and stored in the dark at
253 K. All other reagents were analytical grade. The
solvents were from Merck, and they were carefully
purified following the literature method to have them
free of alkenes and carbonyl compounds. All solvents
used were dried conveniently.

Experimental conditions

Experiments were carried out with immature females of
the two penaeid species, Pleoticus muelleri (initial
mean weight of 18.5 + 4.37 g) and Artemesia longinaris
(initial mean weight of 2.55 + 0.71 g) obtained from the
coastal waters of Mar del Plata, Argentina (38°05'S,
57°00°W). They were held at Nagera Station (Marine
Science Department, Mar del Plata National Univer-
sity, Argentina) in black circular tanks of 3,500 L with
aeration. During the first week, shrimp were fed squid
mantle for acclimatization. Later, a random sample of
three immature females of each species was collected
for initial body carotenoid analysis (initial). Females
were unilaterally eyestalk ablated by cutting with
ophthalmologic scissors close to the carapace (Diaz &
Fenucci, 2004). Experimental conditions were: water
temperature between 20-21°C, salinity 33, pH 7,
ammonium <0.2 mg L™, photoperiod 12:12 h; seawater
was exchanged entirely daily, and the temperature was
maintained with an L style heaters of titanium. Gonad
development was monitored daily. Females were
classified according to Petriella & Diaz (1987): stages
I, I, 11, and IV as mature and stage V as immature. At
the beginning and the end of the experiment, animals
were weighed and tagged (Diaz & Fenucci, 2004). At
the end of the experiment, mature females from each
treatment were dissected, and ovaries, integument, and
midgut gland were extracted and lyophilized. Ovaries
and integument were used to analyze carotenoids and
the midgut gland to analyze the antioxidant activity.

Feeding trials

After the acclimation period, three groups of 40
immature females of each species were used for the
feeding trials. For 45 days, the feeding regimes
consisted of 50% fresh frozen ingredients (squid mantle
and clam muscle, with no carotenoid detected in their
composition at a ratio of 1.5:1) and 50% dry feed pellets
(Table 1). Three feed was tested in duplicate; two
supplemented with two different carotenoids: asta-
xanthin (A) and f-carotene (B), each at a concentration
of 300 mg kg™ diet and formulated diet without carote-
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Table 1. Ingredient composition of experimental feeds. 2Agustinier S.A. Mar del Plata, Argentina, °Melrico S.A. Argentina,
°g kg™: cholecalciferol 1.8, thiamin 8.2, riboflavin 7.8, pyridoxine 10.7, calcium pantothenate 12.5, biotin 12.5, niacin 25.0,
folic acid 1.3, By, HCI 1.0, ascorbic acid (Rovimix Stay C) 39.1, menadione 1.7, inositol 0.3, choline chloride 0.2,

a-tocopherol acetate 75, vitamin A acetate 5.0.

Experimental feed

Ingredient (g 100 g1) C A B

Fishmeal (65% crude protein)? 415 415 415

Squid meal (78% crude protein) 250 25.0 250

Clam meal (73% crude protein) 4.0 4.0 4.0

Soybean meal (42% crude protein)® 4.5 4.5 4.5

Manioc starch 15.0 150 15.0

Astaxanthin 0 0

[-carotene 0 0

Fish oil 3.0 3.0 3.0

Fish soluble 3.0 3.0 3.0

Soybean lecithin 1.0 1.0 1.0

Cholesterol 1.0 1.0 1.0

Vitamins supplement® 0.5 0.5 0.5

Proximate composition (% dry matter)

Moisture 7.0 7.0 7.0

Crude protein 545 545 545

Total lipid 13.7 137 137

Ash 7.0 7.0 7.0

Ingredient (g 100 g1) C A B Clam muscle  Squid mantle
Fishmeal (65% crude protein)? 415 415 415

Squid meal (78% crude protein) 250 250 25.0

Clam meal (73% crude protein) 4.0 4.0 4.0

Soybean meal (42% crude protein)® 4.5 4.5 4.5

Manioc starch 150 15.0 150

Astaxanthin 0 0.03 0

[-carotene 0 0 0.03

Fish oil 3.0 3.0 3.0

Fish soluble 3.0 3.0 3.0

Soybean lecithin 1.0 1.0 1.0

Cholesterol 1.0 1.0 1.0

Vitamins supplement® 0.5 0.5 0.5

Proximate composition (% dry matter)

Moisture 7.0 7.0 7.0 79.4 82.5
Crude protein 545 545 545 71.8 78.0
Total lipid 13.7 137 137 3.9 15.0
Ash 7.0 7.0 7.0 2.2 1.9

noid supplementation served as control (C); this feed
has 0.9 mg kg™ of total carotenoids. All diets were
analyzed by methods of the Association of Analytical
Chemists (AOAC, 1997). Dietary ingredients were
mixed and cold pelletized by extrusion (<50°C) to
obtain 3 mm diameter pellets, oven-dried at 50°C for
24 h, air-dried, flushed with argon gas, and stored in
darkness at -4°C. Animals were fed "ad libitum" three
times a day (09:00, 13:00 and 17:00 h). The feeding rate
was adjusted daily to minimize feed waste. Individual
shrimp weights were determined at the beginning of the
experiment and after 45 days. Growth performance and

survival were measured in terms of final individual
weight, percentage of weight gain [[(final mean weight
- initial mean weight) / initial mean weight] x 100], and
percentage of survival.

Carotenoid analysis

The dissected parts were freeze-dried. Lyophilized
samples were homogenized in an argon atmosphere in
darkness, and carotenoids were analyzed following the
technique proposed by Schiedt et al. (1993) and
modified by Diaz et al. (2013). p-carotene was
extracted three times with hexane in an argon atmos-



752 Latin American Journal of Aquatic Research

phere in darkness, and free astaxanthin was separated
by partitioning with dimethyl sulphoxide (DMSO)/
acetone (1:3) until colorless in an inert atmosphere.

Absorption peaks of the carotenoids were identified
by scanning the spectrum between 200 and 750 nm
using a diode array spectrophotometer (Shimadzu UV-
2102 PC, UV/Visible Scanning Spectrophotometer).
Carotenoid concentrations were calculated using standard
curves of B-carotene in hexane (1.88x10° M) and
astaxanthin in DMSO/acetone (4.19x10° M) using the
specific extinction coefficients 122,000 and 124,000 M
cm?, respectively (Britton et al., 1995).

Electronic paramagnetic resonance (EPR) measure-
ments

Antioxidant activity of lyophilized midgut gland was
investigated based on the scavenging activity on the
stable 1,1-diphenyl-2-picrylhydrazyl radical (DPPH)
using EPR with a Bruker ELEXSYS E 500 T
spectrometer, operating at X-band. About 25 mg of
tissue of each treatment was mixed with 1 mL of
chloroform in an argon atmosphere and darkness.
Aliquots of 50 pL with 50 pL of DPPH solution
(1.53x10° M) were analyzed at a constant room
temperature of 19.85°C and at fixed time intervals for
60 min. Control or blank preparations containing 50 pL
of DPPH in chloroform solvent remained unaltered
after an extended period, DPPH proved to be a very
stable free radical (Diaz et al., 2014); the intensity of
the signal decays with time and represents the radical-
tissue reaction. Amplitude signals were transformed in
radical concentrations by comparing the area under the
EPR absorption spectrum of the sample to a chloroform
solution of the concentration standard, DPPH. Measu-
rements were repeated at least three times to minimize
random errors. The standard plotting program Origin
Pro was used to fit all sets of points whenever
necessary.

Statistical analysis

The percentage gain in mean weight and tissue
carotenoid content was calculated. Results were presented
as mean = standard error. Statistical differences among
the experimental data were determined using analysis
of variances (ANOVA) to compare means. For all
analyses, statistical differences were considered signifi-
cant at P < 0.05 (Sokal & Ronhlf, 1995).

RESULTS

Feeding trials

After 45 days of feeding immature females with
combined diets (natural food organisms and pellets),

maturation was 100% in individuals fed with diets
supplemented with both carotenoids. However, only 75
and 64% of P. muelleri and A. longinaris females fed
control diet reached maturity (Table 2).

Survival in all treatments was high for A. longinaris,
ranging between 80 and 95%, while P. muelleri varied
between 60 and 70% (Table 2). Neither penaeid species
showed a significant difference in the survival percen-
tage between treatments.

Significant differences were determined for weight
gain between control and treatments with carotenoids,
in A. longinaris, percentage increment in mean weight
varied between 56.7 and 81.0%. In P. muelleri, there
were no statistical differences in weight gain between
treatments, with values ranging between 20.8 and
24.9% (Table 2).

Carotenoid analysis

Carotenoid composition of integument and ovaries are
shown in Tables 3 and 4. In both species, results of
guantitative analysis of the carotenoid showed that -
carotene was more abundant that astaxanthin in initial
animals and those under experimentation.

Concentrations of B-carotene in integument were
similar among treatments in both species; however,
amount of this compound in initial shrimp was lower,
with values of 1.67 + 0.62 and 0.63 + 0.06 g g for P.
muelleri and A. longinaris, respectively.

Integument concentrations of astaxanthin of P.
muelleri fed diet B (0.46 = 0.06 pg gt were
significantly lower than animals fed with other diets
and initial animals. The highest levels of this compound
were found in animals fed with diets C (1.26 + 0.23 g
gl and A (1.15 +0.31 pg g1). Values for A. longinaris
were: 0.71 +0.09 pg g (initial), 0.79 + 0.56 pug g (fed
diet C) and 0.81 + 0.33 pg g (fed diet A).

Ovarian B-carotene content was similar in both
species ranging between 5.35 + 1.30 to 3.19 + 0.55 pg
gt in P. muelleri, and from 4.37 + 0.16 to 2.03 + 0.39
mg glin A. longinaris. For both species, astaxanthin
values in ovaries of animals fed diet A were
significantly higher than to initial.

Electronic paramagnetic resonance (EPR) measure-
ments

Antioxidant protective capacity in P. muelleri,
measured as the DPPH radical's decay with time,
showed antioxidant protective capacity in all the
treatments, without significant differences among
treatments (Fig. 1a). Similar kinetics curves were
observed for initial and captive shrimps; however, the
lowest activity was determined in initial organisms'
samples.
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Table 2. Percentage of mature female, average weight gain and survival rate of Pleoticus muelleri and Artemesia longinaris
fed different feeding regimes. MF: mature female percentage, GWP: gain weight percentage, S: survival. Values are means
of two testing tanks. Different superscript letters in the same row show statistical differences (P < 0.05).

Pleoticus muelleri

Artemesia longinaris

Diet C A B C A B

MF (%) 758 100° 100° 642 100°  100°
GWP (%)  20,76° 24,942 23,78 56,74 79,58 81
S (%) 70° 60° 70° 95° 80° 90

Table 3. Carotenoids concentration (ug g™ tissue) in integument and ovary of initial and captive shrimp Pleoticus muelleri
fed with different feeding regimes. Values are means * standard error; n = 3. Means in a row with different superscript

letters significantly differ (P < 0.05).

Experimental diet

Initial

C

A B

B-carotene

Integument 1.67 + 0.62?

1.93+0.40°

1.90+0.55° 2.04 +0.20°

Ovary 3.88+0.172

5.32 +0.52°

3.19+0.55° 5.35+1,30°

Astaxanthin

Integument 1.05 + 0.09?

1.26 £0.23*

1.15+0.31* 0.46 + 0.06°

Ovary 0.90 £ 0.232

1.92+0.10°

2.15+0.65" 2.89+0.11°

Table 4. Carotenoids concentration (ug g™ tissue) in integument and ovary of initial and captive shrimp Artemesia
longinaris fed with different feeding regimes. Values are means + standard error; n = 3. Means in a row with different

superscript letters significantly differ (P < 0.05).

Experimental diet

Initial

C A B
[-carotene
Integument  0.63+0.06° 2.85+0.92° 4.69+1.38" 3.32+0.24
Ovary 3.70+£0.55° 3.63+0.24° 4.37+0.16° 2.03+0.39°
Astaxanthin
Integument  0.71+£0.09° 0.79+0.56° 0.81+0.33* 0.21+0.05
Ovary 0.6+0.15° 0.70+0.17° 1.07+0.24° 0.82+0.19°

Antioxidant protective capacity in A. longinaris
(Fig. 1b) showed significant differences between
treatments respect to initial. The signal decayed at three
minutes around 70% in captive animals and 50% in
initial ones, recording a DPPH remaining 12% in the
initial after 12 min, unlike treatments C (3%), B (6%),
and A (6%).

DISCUSSION

Under captive conditions, broodstock shrimps are fed
with fresh or fresh-frozen food to ensure optimal
reproductive output; however, studies of alternative
diets are necessary to avoid the disadvantages of using
fresh food. Most shrimp broodstock diets consist of
fresh-frozen seafood such as squid, mussels, worms,
and clams, among others, but the nutritional quality of

these foods can vary according to season. Commer-
cially available broodstock pellets have been
successfully used to replace the fresh compounds in
various proportions. Prepared dry feeds are frequently
used as supplements comprising 20-25% of a
maturation diet. In a previous study conducted with
Pleoticus muelleri, Diaz & Fenucci (2004) determined
that supplementation of fresh food with 15% of dry
feed, significantly increases the percentage of mature
females compared to those fed with exclusively fresh
food. Diversified diet is expected to cover broodstock’s
nutritional requirements, which may be why shrimp fed
a mixed diet (pellets and natural food) has better
spawning performance than those fed only with natural
food. In the present study, 50% substi-tution of fresh
food with pelletized feeds (with and without
carotenoids) promotes 100%, mature females. Still,
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Figure 1. The kinetic reaction of tissue with the DPPH radical. Tissue extracts were tested for a pool of animals of both
species fed different feeding regimes, by mixing 0.025 g of tissue with 50 pL of DPPH solution (2.8x10° M). Al tests were
conducted in triplicate, and the means are used. a) Pleoticus muelleri, b) Artemesia longinaris. Values are the mean of three

determinations.

those fed with a control diet only matured 75% (P.
muelleri) and 64% (Artemesia longinaris). Similar
results were obtained by Wouters et al. (2002) in
Penaeus vannamei (Boone, 1931); these authors
concluded that substituting 50% of the fresh food with
artificial broodstock feed is feasible because fresh food
replacement did not affect the response variables
negatively. More recently, Ghorbani-Vaghei et al.
(2017) showed that substitution of 50% of fresh foods
for pelleted diets improves reproduction indices.

Feeding crustaceans in intensive farming is limited
to artificial diets, which may lack critical bioactive
metabolites for growth and survival. Previous studies
have shown an increase in survival of different species
due to carotenoids inclusion in artificial diets, although
data on growth were having a wide-ranging. In some
species of shrimp as P. vannamei and P. monodon
Fabricius, 1798 (Niu et al., 2009, 2012, respectively),
survival and growth are improved by supplementation
with various carotenoids. However, in Marsupenaeus
japonicus (Spence-Bate, 1888), only survival was
enhanced (Chien & Shiau, 2005). In the present study,
survival was not influenced by the inclusion of
carotenoids in both P. muelleri and A. longinaris;
however, the latter showed a higher percentage of
survival. Carotenoid supplementation not produced
variations in the growth of P. muelleri, as in previous
work with juveniles of the same species (Diaz et al.,
2011), but they increased significantly weight gain of
A. longinaris for B-carotene (81%) and astaxanthin
(79.6%) treatments.

The effects of carotenoids could be related to the
transcription of hormone genes directly involved in the

ovary's maturation. The action of hormones such as
gonad stimulating, crustacean hyperglycemic, gonad
inhibitory, and red pigment concentrating hormone
could be involved (Lifidn-Cabello & Paniagua-Michel,
2004). The high levels of ovarian carotenoids in mature
females (initial and reared) suggest that dietary carote-
noids work not only as a source of pigments but so as a
source of precursor molecules for metabolic conversion
to retinoids and other bioactive molecules (Bonnie et
al., 1994; Beckett & Petkovich, 1999; Durica et al.,
1999).

Tissue carotene analysis, both in integument and
ovary, in P. muelleri and A. longinaris, showed that
non-polar carotenes (B-carotene) were more abundant
than polar ones (free astaxanthin). The smaller ratio of
free astaxanthin concerning -carotene can be related to
the fact that free astaxanthin suffers biotransformation
towards esterify astaxanthin, storing itself as lipidic
globules or forming complexes of carotenoproteins
(Wade et al., 2005). Availability of dietary carotene
sources affects its content and concentration in
crustaceans, total carotenoid concentrations in the
tissue of the shrimp fed supplemented diets did not
significantly differ from those in shrimp fed the control
for both species. In P. monodon, regardless of whether
the administered carotenoid was astaxanthin or pB-
carotene, carotenoid content in shrimp fed a diet
supplemented with carotenoid was greater (two or four-
fold) than that of shrimp fed an unsupplemented diet
(Boonyaratpalin et al., 2001). A previous study in P.
muelleri showed similar results: carotenoid levels were
higher in the shrimp fed with supplemented diets with
50 and 100 mg astaxanthin kg after seven weeks of
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rearing under controlled conditions than initial animals
(Diaz et al., 2011). The main carotenoids in penaeid
exoskeletons are astaxanthin, astaxanthin esters, and p-
carotene (Négre-Sadargues et al., 1993; Meyers, 1994;
Pan & Chien, 2003). Carotenoids lead to deposition of
mainly astaxanthin esters in the integument (carapace
and epidermis), but the time required for each conver-
sion (step) has never been established or documented
(Chien & Shiau, 2005; Sachindra et al., 2005).

Nevertheless, in the present study, concentrations of
carotenoids in integument were lower than in ovaries
for all treatments. In early ovarian development, free
and esterified carotenoids are accumulated in the
midgut gland; during secondary vitellogenesis, they
seem to be mobilized from the midgut gland,
transported in the hemolymph as caroteoglycoli-
poproteins, and sequestered to the ovaries where they
accumulate in the oocytes as part of a significant egg
yolk protein, lipovitellin (Vicent et al., 1988; Harrison,
1990). In tissues of mature wild P. vannamei females,
a higher carotene concentration was observed
compared with the reared ones, probably due to the
higher concentrations and availability of carotenoids in
the natural environment. Insufficient levels of carote-
noids in captive shrimp might be related to unilateral
eyestalk ablation of females because of its role in
hormonal control in multiple processes, such as
molting, metabolism, glucose balance, heart rate,
gonadal maturation, and changes in color and pigment
migration (Lifian-Cabello et al., 2003).

Oocytes require large amounts of energy to
synthesize macromolecules during gonadal maturation,
increasing the generation of singlet oxygen excessively.
Antioxidant protective capacity was observed in shrimp
under all treatments without significant differences
among them; nevertheless, there were differences with
initial individuals. The efficiency of carotenoids as
antioxidants does not follow their capability as radical
scavengers or the order of their oxidation potential
(Han et al., 2006). The long-standing controversy of
carotenoids' function as antioxidants may be related to
extrapolation of properties determined in homogenous
solutions to more complex biological systems, where
other factors such as spatial organization and inte-
raction between antioxidants become important (Liang
et al., 2009).

The present study results show that astaxanthin and
B-carotene added in broodstock diets promote gonadal
maturation in both species. Carotenoids, such as
astaxanthin and [-carotene, increase tolerance to
oxidative stress, enhance the immune response, maybe
an intracellular supply of oxygen, and protect cells by
removing free radicals. The design of inexpensive,
high-quality diets is fundamental as feed costs represent

more than 50% of most aquaculture enterprises'
production costs. The addition of carotenoid pigments
as bioactive additives, which affect physiological and
molecular processes under controlled conditions, is
more evident from not being synthesized. It can be
concluded that results indicate the usefulness of the
addition of carotenoids addition in the diet of breeding
females. Further studies may be performed to deter-
mine the important protective function of carotenoids
to improve reproductive performance and transfer these
dietary supplements to the early stages via the egg yolk.
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