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Effects of the use of synthetic astaxanthin
in the feeding of Lophiosilurus alexandri,
a neotropical siluriform fish
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Abstract: Aiming to test the capacity of retention of carotenoids in tissues, Lophiosilurus
alexandri juveniles were fed diets containing 0, 25, 50, 100, 200, and 400 mg/kg of
synthetic astaxanthin for 62 days. The inclusion of astaxanthin did not result in significant
differences in growth, weight gain, apparent feed conversion, and feed efficiency of the
fish. Blood biochemistry and liver histology did not change with the different treatments.
At the level of 100 mg/kg of inclusion, there were the highest levels of carotenoids in the
blood, and muscle and the smallest difference between the muscle x integument ratio.
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INTRODUCTION

Siluriform fish, also known as catfish, include
speciesthatmostlyhavegreatmarketacceptance,
being widely cultivated and commercialized.
Some genera such as Pseudoplatystoma,
Ictalurus, Rhamdia, and Clarias already have
a defined technological package and have a
consolidated production chain (Liranco et al.
2011, Liu et al. 2012, Charo-Karisa et al. 2013,
Martinelli et al. 2013). In other species such
as the pacama Lophiosilurus alexandri, the
characteristics related to its potential as viable
fish for aquaculture production are still being
studied (Costa et al. 2014, Silva et al. 2018). As
it is a species widely consumed by the local
population of the Sdo Francisco River (Brazil), a
certain concern already exists regarding natural
stocks. As a palliative action, the aquaculture
activity is already working with research actions
aimed at the production of L. alexandri in

captivity with aview to restockingand consuming
the species.

A common characteristic of fillets of
cultivated Siluriformes is naturally yellowish
pigmentation (Bicudo et al. 2012, Hu et al. 2013).
Which can give a positive aspect to the final
product and also differ the product from similar
ones. These fish can store several carotenoids
that give a natural appearance to your skin and
muscle (Tsushima et al. 2002, Maoka & Akimoto
2011, Liu et al. 2012, Costa & Miranda-Filho 2020).
However, there is a need to research a way to
use additives in the feed of these fish to provide
an efficient and attractive pigmentation that
stimulates the consumer to give preference to
these species.

Synthetic astaxanthin is the most widely
used pigment in aquaculture worldwide
(Breitenbach et al. 2016, Dananjaya et al. 2017)
and has an efficiency of use concerning natural
sources of precursor carotenoids for several
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aquaculture species (Gocer et al. 2006, Ingle de
la Mora et al. 2006, Baron et al. 2008, Aguirre-
Hinojosa et al. 2012, Costa et al. 2021a, b). In L.
alexandri and other South American siluriforms,
the efficiency of the use of synthetic astaxanthin
has not yet been determined to promote
increased pigmentation of muscles and skin.
Additionally, it is not known whether the use
of this substance could have any effect on the
performance of this fish.

In this work, we aim to elucidate the use
of synthetic astaxanthin in blood biochemistry,
productive performance, liver integrity, and
efficiency in the accumulation of the substance
in the fillet and skin of L. alexandri juveniles.

MATERIAL AND METHODS
Experimental diets

A commercial feed for carnivorous fish from 2
to 4 mm in diameter (Guabi® Animal Nutrition
and Health, Sales Oliveira, SP, Brazil) containing
90% dry matter, 42% crude protein, 11% stereo
layer, 3% crude fiber, and 14% mineral matter in
dry weight, having 16 mg/kg of total carotenoids
from its basal ingredients, was used as a control
diet and base of the other diets, in which 10%
synthetic astaxanthin pigment, Carophyll’
Pink (DSM Nutritional Products Ltd, Heerlen,
Netherlands) in the proportions of 25, 50, 100,
200, and 400 mg/kg of astaxanthin in the feed.
The pigment was dissolved in 70% alcohol and
sprayed on the feed which was subsequently
dehydrated at 30°C for 24 hours in a dark
environment.

Ethical note

This study was submitted for approval by
the UFMG Animal Use Ethics Committee and
approved through CEUA 202/2018 registration.

ASTAXANTHIN EFFECT ON THE FISH L. alexandri.

Fish and experimental conditions

The pigmentation experiment was designed
with a completely randomized design. Six fish of
medium weight 17.66 g were used per repetition
in 6 treatments with 4 repetitions in each of
them in 12 L tanks with a 48 L/h recirculation
system, with individual auxiliary aeration and
filtering using an aerated moving bed system.
with 15 x 30 mm nano media and density 192
kg/m’ type MBBR (Nanoplastic®, Sao Paulo, SP,
Brazil) in a single 250 L filter, 50% of which is
covered with nano media. The acclimatization
period was 7 days and the study was carried out
for 62 days and one day of fasting at the end. The
food was supplied twice a day in the proportion
of 5% of the initial average live weight of the fish
daily. Weighing was done on a precision scale
0.01 g BL series, (Shimadzu® do Brasil, Barueri,
SP, Brazil) and the measurements were made
with a 01 mm precision digital caliper.

The parameters of water quality,
temperature, pH and salinity were measured
with a Combo EC & pH multiparameter probe and
dissolved oxygen (OD) by the HI9146 oximeter
(Hanna Instruments®, Woonsocket, USA). Total
ammonia (TA-N), nitrite (NO,-N), nitrate (NO,’
-N) and phosphate (PO,*-P), were determined
according to the methodology described by
UNESCO (1983). The measured water parameters
were temperature = 27.48 + 0.97°C, dissolved
oxygen = 5.59 + 0.52 mg/L, oxygen saturation =
85.04 + 3.96%, pH = 6.91 + 0.42, salinity = 016 *
0.03%o, and total ammonia = 0.23 + 0.11 mg/L.

Zootechnical Indexes

The calculation of zootechnical indexes was
made based on the following equations:

- Weight gain (WG) - is the final weight of the
animal minus the initial weight of the animal.
This calculation is obtained by the following
formula (1):

An Acad Bras Cienc (2022) 94(Suppl. 4) €20210434 2|15



DANIEL P. DA COSTA et al.

WG = final weight [g] —initial weight [g]

- Length gain (LG) is the animal’s final
length minus the initial length. This calculation
is obtained by the following formula (2):

LG = final length [cm]—ﬁnallength [cm]

- Gain in width (GW) is the final width of the
animal minus the initial width. This calculation
is made with the following formula (3):

GW = final width [cm] —initial width[cm]

- Apparentfeed conversion (AFC) - equivalent
to the amount of feed needed for the animal to
gain 1 kg of live weight (4):

AFC = feed consumed [ g]

final weight [g] —initial weight [g]

- Feed efficiency (FE) - constitutes the
average weight gain per animal in the group,
divided by the average feed consumption per
individual. It demonstrates the efficiency that
the animal had to convert the feed consumed
into live weight (5):

mass gain [g] £100

FE (%)=
amount of feed ingested [g]
- Carotenoid retention rate% (CRR) in the
fillet was measured using equation (6) described
by Foss et al. (1984):

%ofcarotenoids in theﬁlletx(lOO)
CRR (%)=~

k—g of carotenoidsinthe diet

- Relative proportion of integument
carotenoids and muscle (RPC) given by equation

(7):

ASTAXANTHIN EFFECT ON THE FISH L. alexandri.

kg carotenoids in the integument
RPC="%
mg o
—2= carotenoids inthe muscle
kg
Blood Analysis

At the end of the experiment, L. alexandri
juveniles were deprived of food for 24 h, and
blood was sampled from the caudal vein using
heparinized needles in 1 mL syringes. Glucose
was measured with a portable glucometer
(Bioeasy BioCheck, TD4225, Diagnostica Ltda, MG,
Brazil) and hematocrit was determined by the
microhematocrit method for 15 min at 10,000
rpm (or 8944 x g), using Microspin-Spin1000;
Micros-spin (Mikro) (Laborline, Barueri, SP,
Brazil). Ethylenediaminetetraacetic acid (EDTA)
was added to the remaining blood at a rate of
10% and centrifuged (75 ¢ = 5 min and 679 g =
5 min) for plasma collection. Plasma protein
was determined by a standard refractometer.
Cholesterol and triglycerides were measured
on an automatic spectrophotometer (Roche
Cobas Mira Plus, Diagnostic Systems, Ramsey,
MN, USA) using commercial kits (Synermed:;
Synermed-Westfield, IN, USA). Commercial
kits (Synermed®) were used for the analysis
of alanine aminotransferase (ALT), aspartate
aminotransferase (AST), alkaline phosphatase
(ALP). After blood collection, the fish were
sacrificed by section of the cervical spine using
a slide.

Analysis of total carotenoids

The fish tissues were macerated in 96°GL
ethanol and analyzed using a Libra S22
spectrophotometer (Biochrom®, Cambridge,
UK) at a wavelength of 452 nm absorbance. The
calculation was done by the Rodriguez-Amaya
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(2001) and Rodriguez-Amaya & Kimura (2004)
methodology, following equation (8), namely:

ABSxDFxV

[mg pigment/kg] = ACK [g]

Where:

ABS = Absorbance of the pigment in the
ethanol solution [nm]

DF = Dilution factor

V = Volume of the solution

AC = Absorption coefficient E 1% 1 cm of the
pigment in ethanol

[g] = grams of sample used

Histological analyzes

After blood collection and euthanasia, the
liver of four fish per treatment was fixed in
Bouin’s solution for 12 h and then transferred
to 70% ethanol for later histological analysis
and stained with hematoxylin and eosin. The
slides were examined and photomicrographs
were performed with a light microscope for
histopathological examination. The observed
cells were classified according to Bernet et al.
(1999) in three factors: (1) minimal pathological
importance, where the damage is reversible
after the end of the exposure to the toxic agent;
(2) moderate pathological importance, in which
the lesion is reversible in some cases after the
end of the exposure; and (3) severe pathological
importance, in which the lesion is typically
irreversible and leads to the partial or total loss
of organ function. All slides were assessed using
a scale ranging from: 0 = unchanged, 2 = mild
occurrence, 4 = moderate occurrence and 6 =
serious occurrence.

Statistical Analysis

To test the working hypothesis, a Unifatorial
Analysis of Variance (One-Way ANOVA), Model
, and significance level o = 0.05 was used (Zar
2010). In cases where the assumptions were not
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met, the transformation of the data through
Log (X + 1) was applied. When the results were
significant after the application of ANOVA, the
assumptions of Normality of Distribution and
Homogeneity of Variances were verified, through
the application of the Shapiro-Wilk (W) and
Levene tests, respectively, both with the level of
significance o = 0.05 (Zar 2010).

To identify significant differences among
treatments (pigmentation), the Tukey contrast
test (HSD) was applied, with a significance level
of a = 0.05 (Zar 2010). In situations where the
tests for the transformed data rejected the
assumptions of ANOVA, an alternative solution
was the use of an ANOVA by Stations (ANOVA by
Ranks), through the application of the Kruskal-
Wallys test (Zar 2010). The tests were performed
with the statistical program Infostat” version
2017 according to instructions in the software
manual (Casanoves et al. 2012).

RESULTS

Zootechnical indexes

The Zootechnical indices did not have significant
differences (P>0.05) regarding the treatments
used (Table I).

Blood tests

Among the blood parameters observed, only the
ASTwas shownto beinfluenced by thetreatments
(P<0.05), being higher in the treatment with the
addition of 400 mg/kg of astaxanthin, compared
tothe control and the treatment of 25 mg/kg. The
other blood variables did not show significant
differences (P>0.05) (Table II).

Analysis of total carotenoids

The concentration of total carotenoids in the
blood plasma (Fig. 1) was shown to be higher
in the treatment with 100 mg/kg of inclusion of
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Table I. Zootechnical index in juvenile L. alexandri feed 62 days by diets with different level of synthetic

astaxanthin.

Astaxanthin added in feed (mg/kg)

Variables 0 25
. ) mean 1917 18.09
Initial Weight (g)
+SD 3.59 3.81
) ) mean 36.47 36.43
Final weight (g)
+SD 4.06 7.58
Weight gain (2) mean 17.30 18.35
ei ain
ghts 5 +SD 2.50 3.85
N mean 11.81 11.80
Initial length (cm)
+SD 0.29 0.50
. mean 1442 14.73
Final length (cm)
+SD 0.58 0.51
) mean 2.61 2.93
Length gain (cm)
+SD 0.45 0.33
o . mean 1.81 1.88
Initial width (cm)
+SD 016 0.35
) . mean 2.50 2.60
Final width (cm)
+SD 018 0.26
) ) mean 0.69 0.72
Width gain (cm)
+SD 0.30 013
AFC mean 1.63 1.51
+SD 0.09 om
FE (%) mean 61.64 66.47
+SD 3.62 497

50 100 200 400 Total
16.24 17.24 16.81 17.80 17.56
1.35 0.79 142 1.21 2.30
32.54 34.93 32.95 3798 35.22
217 0.85 3.99 6.66 4.7
16.30 17.70 16.15 2018 17.66
1.51 1.50 2.71 6.30 3.38
11.49 11.63 11.36 11.66 11.63
0.28 010 0.54 0.26 0.36
1412 14.33 14.01 14.42 14.34
0.66 0.55 091 0.28 0.59
2.63 2.70 2.65 2.75 2.71
0.44 0.58 0.84 0.07 0.46
1.70 1.82 1.68 1.85 1.79
0.25 0.29 0.09 0.37 0.25
248 2.49 243 2.24 246
013 0.09 0.09 012 018
0.78 0.66 0.75 0.39 0.67
0.20 0.35 013 0.43 0.28
1.57 1.57 1.66 1.38 1.55
018 0.06 013 0.04 015
59.24 63.79 60.61 72.73 64.07
5.82 2.35 4.57 214 5.88

AFC = Apparent Feed Conversion, FE = Feed Efficiency. Different letters on the same line demonstrate significant differences by

Tukey’s test (P<0.05).

astaxanthin concerning the control groups and
25 mg/ kg (P<0.05).

As for the tegument pigmentation (Fig. 2),
the treatments with 100, 200, and 400 mg/kg
of astaxanthin obtained significantly superior
results in comparison to the control (P<0.05). The
treatment with 400 mg/kg is also higher than the
treatments with 25 and 50 mg/kg (P<0.05).

In Figure 3a, it is possible to observe the
greater muscle accumulation of total carotenoids
in the treatment with the addition of 100 mg/kg
of astaxanthin (P<0.05), in relation to the other

treatments with the exception of the 200 mg/kg
treatment, which showed similarity (P>0.05).

In Table Ill, we can see that the correlations
between carotenoids in muscle x blood plasma
(P = 0.2267) were not significant. Carotenoids
in blood plasma x integument (P = 0.0002) and
carotenoids in integument x muscle (P = 0.0046)
showed a positive correlation with each other.

Muscle retention of carotenoids (Fig. 3b)
has been shown to suffer a gradual drop in the
percentage of utilization of carotenoids added to
food as the level of inclusion increased (P<0.05).
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Table II. Blood parameters in juvenile L. alexandri feed by diets with different levels of synthetic astaxanthin.

Variables
Alanine aminotransferase mean
+SD
Aspartate aminotransferase mean
+SD
Glucose mean
+SD
Alkaline phosphatase mean
+SD
Cholesterol mean
+SD
Triglycerides mean
+SD
Total plasmatic protein mean
+SD
Hemoglobin mean
+SD
Hematocrit mean
+SD

(]
215
0.26

68.23"
17.47
54.81
20.90
8.4l
2.39
7275
7.99
245 51
1472
212
013
6.21
0.52
22.81
1.96

Astaxanthin added in feed (mg/kg)

25 50 100 200 400 Total
2.33 2.65 2.64 3.83 2.08 2.61
0.98 048 0.75 152 0.88 1.00

7616° | 5938 | 4653 | 5546 | 27.23° 55.50
1131 30.51 12.29 7.51 15.92 2227

4577 40.03 36.93 3418 46.44 43.03
16.95 10.59 11.06 10.00 22.24 15.87

6.52 9.73 5.72 8.59 8.20 7.86
3.57 2.57 1.03 2.86 212 2.64
67.76 73.53 70.72 80.54 83.54 74.80
14.25 11.58 11.68 6.97 13.93 11.55

243.35 23015 203.45 261.67 263.75 241.32
50.38 51.24 24.28 3718 45.56 40.79

215 214 2.20 2.32 244 2.23
0.33 0.26 019 0.03 0.45 0.26
612 6.94 599 6.31 574 6.22
0.27 0.74 0.61 0.55 019 0.59
22.44 19.38 22.06 20.75 22.06 21.58
218 2.95 177 0.54 0.83 2.06

Different letters on the same line demonstrate significant differences by Tukey's test (P<0.05).
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Figure 1. Total carotenoids

y =-0,0005x2 + 0,2337x + 13,691 in the blood plasma of

bc

200 250

R? = 0,7209 L. alexandri fed a diet
containing different levels

bc of inclusion of synthetic

T astaxanthin. Different

letters above the data show

a significant difference

RPN (P<0.05) by the Kruskal -

Wallis nonparametric test.

300 350 400 450

Addition of synthetic astaxanthin to the feed mg/kg

The treatment with the inclusion of 100 mg/
kg of astaxanthin was the one that obtained
the least disproportion among the carotenoids
accumulated in the integument and the muscle

(Fig. 4) concerning the control a to the treatment
of 400 mg/kg, which obtained the disproportion
for all groups with added pigment (P<0.05). In this
case, and the control group, there was a greater
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Figure 2. Total carotenoids
in the integument of L.
alexandri fed with ration
containing different levels
of inclusion of synthetic

bc weerent astaxanthin. Different letters
.............. show a significant difference
........... ¥ (P<0.05) by the Kruskal -

Wallis nonparametric test.

y=0,0152x + 7,4014
R*=0,9289
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Figure 3. a - Total carotenoids in
the muscle of L. alexandri fed
y = -SE-05:2 + 0,0192¢ + 1,78 with food containing different
R? = 0,8628 levels of inclusion of synthetic
de astaxanthin. b - Retention of
total carotenoids (%) in the
muscle of L. alexandri fed
with food containing different
ab levels of inclusion of synthetic
astaxanthin.
Different letters above the data
show a significant difference
(P<0.05) by the Kruskal - Wallis
nonparametric test.
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Table Ill. Correlation between tecidual and plasma levels of total carotenoid content in L. alexandri analyzed by

Spearman correlation (r).

Material R*
Muscle x plasma 0.25
Plasma x tegument 0.70
Tegument x muscle 0.56
10
2
Q 8 9 _ 2
<3 y = 8E-05x2 - 0,0206x + 4,0836
= E 8 R? =0,9868
85 7
2
3 c 6 bC
°2 5 b
g o 2
w L 4 -.T ab ab
= } ----- a G
o= 3 i ...... Beevrrnnnnnnnent
£ o 2
9 £
Q5
S w1
a 3
£ 0
-50 0 50 100 150 200 250

0.2267
0.0002

0.0046

Figure 4. Proportion of
total carotenoids of the
integument in relation
to the muscle (x:y) in L.
alexandri fed with ration
containing different
levels of inclusion of
synthetic astaxanthin.
Different letters show

a significant difference
(P<0.05) by the Kruskal-
Wallis nonparametric
test.

300 350 400 450

Addition of synthetic astaxanthin to the feed mg/kg

accumulation of carotenoids in the skin than in
the muscle compared to the other treatments.

Histological analyzes

The images of hepatic tissue, hepatic
venous tissue, and hepatic ducts showed
no morphological or histopathological
differences between treatments. All carotenoid
concentrations were similar, becoming
impossible to make a scoring assignment (Fig.
5).

DISCUSSION

Astaxanthin presented in the diet promotes
several benefits for fish such as increased
resistance to stress and increased immunity
in yellow catfish Pelteobagrus fulvidraco (Liu
et al. 2016); increased growth, weight gain, and

An Acad Bras Cienc (2022) 94(Suppl. &)

coloration in wells catfish Silurus glanis (Zatkova
et al. 2011); increase in egg fertility and survival
of Gadus morhua cod larvae (Hansen et al. 2014);
increase in the size of juveniles of long snout
seahorse Hippocampus guttulatus (Palma et al.
2016). In the present study, zootechnical indices
were not altered by the inclusion of astaxanthin
in the diet as observed in juveniles of other
fish species such as channel catfish, Ictalurus
punctatus (Li et al. 2007), large yellow croaker
Larimichthys croceus (Yi et al. 2014), discus fish
Symphysodon spp. (Song et al. 2016) characins,
Hyphessobrycon callistus (Wang et al. 2006), and
Australian snapper Pagrus auratus (Doolan et
al. 2009).

The addition of natural or synthetic
astaxanthin promotes liver integrity in fish and
this can be assessed through the concentration
of liver enzymes in the blood (Nakano et al. 1995).

€20210434 815



DANIEL P. DA COSTA et al.

SRR
"h(;‘hmk 0

\

m»
Page et al. (2005) found no significant differences
between AST levels in the blood plasma of
rainbow trout Oncorhynchus mykiss fed with 100
mg/kg of astaxanthin. Sheikhzadeh et al. (2012)
worked with the same species and had the same
result up to 3 g/kg of the addition of green algae
Haematococcus pluvialis included in the feed as
a source of astaxanthin. However, by increasing
theamountto 10 g/kg, they obtained lower levels
of this enzyme in the blood of this fish. Which
suggests an improvement in the liver condition
by using this food supplement. The same
happened in the present study concerning the

ASTAXANTHIN EFFECT ON THE FISH L. alexandri.

' Figure 5. Photomicrograph of

liver of juveniles of pacama

L. alexandri submitted to
4 diets with different levels
- of astaxanthin. 0 (a), 25 (b),
% 501(c), 100 (d), 200 (e) and

~ 400 mg/kg (f) of pigment.

.+ 400X magnification and

500 pum scale on all images.

Hepatocytes are regular and

no morphological differences

have been detected between

. treatments.

Hepatic tissue —

- Venous tissue ------

Hepatic ducts ----

control and 25 mg/kg when the highest pigment
concentration (400 mg/kg) was used. Although
the ALT enzyme did not differ in our work, it
can also indicate the liver condition of the fish,
being influenced in some cases by the pigment
concentrations in the diet of fish subjected
to high-temperature stress as recorded in
pufferfish Takifugu obscurus (Cheng et al. 2017)
or a high concentration of ammonia in tetra-
serpae Hyphessobrycon eques (Pan et al. 2011).
In the case of oxygen availability in water, both
in normoxia and hypoxia, ALT concentration was
lower with the supplementation of astaxanthin
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in the Tetra-Blood H. callistus diet (Pan et al.
2010).

In the case of ALP, in some cases its
concentration may increase depending on the
amount of astaxanthin in the diet (Rehulka
2000), suggesting that astaxanthin could
increase serum levels of ALP, and neutralize the
impact of environmental stressors (Cheng et al.
2017). But this was not seen in the present study.
In addition, the increase in astaxanthin levels
did not influence the levels of triglycerides
and cholesterol in the blood of pufferfish
(Cheng et al. 2017) and cholesterol in Atlantic
salmon O. mykiss (Chimsung et al. 2013), similar
to the results obtained with L. alexandri. The
hemoglobin, hematocrit, and plasma protein
values did not change in the blood of common
carp Cyprinus carpio (Jagruthi et al. 2014). In the
study by Li et al. (2014), with L. crocea, the blood
glucose index decreased as the astaxanthin
increased, and the cholesterol and triglyceride
data had a response significantly proportional
to the glucose level in the treatments. However,
in the present study, despite the averages
showing the same trend until the addition of
200 mg/kg, it was not possible to observe this
difference due to the heterogeneity of the data
with a high standard deviation (P>0.05). But, as
in the previous case, the response was similar in
the three indicators, with no significant change
in any of them in the current case.

The amount of carotenoid in the blood
can be influenced by its concentration in the
diet, as observed with rainbow trout fed with
various levels of cyanobacteria Spirulina as a
source of pigments (Teimouri & Amirkolaie
2013). The presence of astaxanthin or beta-
carotene in the diet also significantly increased
the presence of pigment in the blood of tetra-
serpae Hyphessobrycon eques (Pan et al. 2011).
In the case of L. alexandri, an increase in the
rate of carotenoids in the blood was observed

ASTAXANTHIN EFFECT ON THE FISH L. alexandri.

up to the inclusion of 100 mg/kg, after this
concentration, the levels were lower, probably
due to the physiological limitation of the
animal to assimilate/transport this pigment in
the blood when in large amounts in the food
due to the action of fish enzyme inhibitors as
suggested by Tyssandier et al. (2002). Or the
dietary amount of carotenoid transporters
in the blood such as triglyceride, cholesterol,
cholesteryl ester, and phospholipid associated
with lipoproteins, which can limit the amount of
circulating carotenoids in the plasma (Chimsung
et al. 2013).

Song et al. (2016) observed that discus fish
Symphysodon spp. increased skin pigmentation
with the inclusion of astaxanthin in the diet
up to 200 mg/kg of feed. However, with higher
values (300 and 400 mg/kg), the authors
observed the same accumulation values as in
the 200 mg/kg treatment. In the present study,
the concentration of carotenoid pigments in
the integument increased according to the
proportion of astaxanthin supplemented in the
diet up to the highest concentration (400 mg/
kg). The highest concentration of carotenoids in
the L. alexandri muscle was between treatments
with 100 and 200 mg/kg of astaxanthin. However,
the rate of carotenoid retention in the muscle
was inversely proportional to the proportion of
inclusion of astaxanthin in the diet as noted by
Song et al. (2016). For Choubert et al. (1995), the
use of different amounts of carotenoids does
not always result in better results of retention
of carotenoids in the muscle, as this depends
on the digestive/accumulative physiology of
the fish. The fact was also observed by Safari &
Atashi (2015).

Againinthetreatmentwiththeaddition of100
mg/kg of astaxanthin, there was the lowest index
of carotenoid concentration in the integument
concerning the muscle than in the treatments
of lesser and greater supplementation. In a way,
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this result is interesting from the point of view
that, in the case of L. alexandri, we commercially
recommend the color of the fillet and the
color of the skin is of secondary importance.
Differences in the concentration of carotenoids
in the skin and muscle occur and differ as the
supplemented amount of carotenoids in the
fish diet changes (Teimouri & Amirkolaie 2013),
making it necessary to establish the priority (skin
or muscle) according to the specificity of the
use of fish (ornamental or for food). The higher
accumulation of carotenoids in the integument
in relation to the muscle is the result of the
higher concentration of lipids, cholesterol, and
monounsaturated fatty acids (MUFA) in this
tissue, as observed by Merdzhanova et al. (2018)
in a study with African catfish C. gariepinus.
Although astaxanthin is widely used as the
normal carotenoid for muscle pigmentation
in aquatic organisms, some species may
have a greater capacity for assimilation and
accumulation of other pigments, since the ability
to use a given carotenoid for pigmentation
varies according to the fish species (Matsuno et
al. 1980, Metusalach et al. 1997, Olsen & Baker
2006, Choubert 2010). Future studies may show
that L. alexandri has better muscle retention
rates than other xanthophylls, such as another
siluriform, channel catfish I. punctatus, which
accumulates more carotenoids when its diet
is supplemented with lutein or canthaxanthin
than with astaxanthin, beta carotene, and
zeaxanthin (Li et al. 2007). Astaxanthin was
detected minority or was absent in the
pigmentary profile of 12 species of siluriforms
from 8 different families by Tsushima et al.
(2002), where the predominant carotenoids were
zeaxanthin and lutein. According to Parolini et
al. (2018), the physiological conditions of the
liver may be indicative of the beneficial action
of carotenoids in the fish organism. Histology
is one of the tools to identify and compare
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data on the physiological condition associated
with the cellular morphology of the liver of fish
and the use of additives in their artificial diets
(Rodriguez-Lozano et al. 2017). This study did not
find any morphological difference that shows
the effect of treatments on the histological
or histopathological condition in the hepatic
tissues of L. alexandri.

CONCLUSIONS

The L. alexandri manages to take advantage
of the dietary astaxanthin for deposition of
carotenoids in the muscle and skin, without
influencing its development and nutritional
condition in the life phase studied for the
period of cultivation of two months. However,
high doses of this pigment seem to contribute to
the reduction of liver enzyme AST levels without
influencing the histological condition of the
liver. For the best use of synthetic astaxanthin
as pigmentation and a more balanced coloring
between the muscle and the integument, the
level of inclusion in the L. alexandri diet of 100
mg/kg of this carotenoid is recommended.
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