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Abstract
The present study evaluated the hematological, antiparasitic and growth responses in tambaqui (Colossoma 
macropomum) fed with diets supplemented with the microalgae Arthrospira platensis and Chlorella vulgaris (0%; 
10% A. platensis; 10% C. vulgaris; and 5% A. platensis+5% C. vulgaris). Tambaqui (n=60, 62.57 ± 8.76 g) were fed for 
20 days with experimental diets. Blood samples collection was done to determine hematological parameters, and 
gills were removed to identify and count monogenetic parasites. Supplementation with A. platensis 10% reduced 
red blood cells count, in consequence mean corpuscular volume and mean hemoglobin concentration increased. 
Total leukocyte, monocyte, eosinophil, and basophil counts reduced with the use of A. platensis. Higher monocytes, 
eosinophil, and basophil numbers in tambaqui fed with diet supplemented with 10% C. vulgaris were observed 
and may have been due to the presence of immunostimulants in this microalga composition. Reduction on total 
cholesterol in tambaqui that received both microalgae (A. platensis 5%+C. vulgaris 5%) may indicate that combined 
supplementation presented greater benefits to the health for C. macropomum than separately. Both microalgae 
were efficient against monogenetic parasites of tambaqui. Thus, the dietary use of the microalgae A. platensis and 
C. vulgaris provided immunostimulant and antiparasitic efficacy in C. macropomum.

Keywords: health status, microalgae supplementation, immunostimulant action, cholesterol, monogenea.

Resumo
O presente estudo avaliou as respostas hematológicas, antiparasitária e de crescimento de tambaqui (Colossoma 
macropomum) após alimentação com dietas suplementadas com microalgas Arthospira platensis e Chlorella 
vulgaris (0%; 10% A. platensis; 10% C. vulgaris; e 5% A. platensis+5% C. vulgaris). Exemplares de tambaqui (n=60, 
62,57±8,76 g) foram alimentados por 20 dias com as dietas experimentais. Amostras de sangue foram coletadas 
para determinação dos parâmetros hematológicos e brânquias foram retiradas para contagem de parasitos 
monogenéticos. A suplementação com A. platensis 10% reduziu o RBC, consequentemente aumentando os valores 
de VCM e HCM. As contagens de leucócitos (total) e de monócitos, eosinófilos e basófilos reduziram com o uso 
de A. platensis. Números altos de monócitos, eosinófilos e basófilos em tambaqui alimentado com dietas com 
10% C. vulgaris foram observados e podem ter ocorrido devido à presença de imunoestimulantes na composição 
da microalga utilizada. Redução dos níveis plasmáticos de colesterol total em tambaqui indicou que a inclusão 
das duas microalgas (A. platensis 5%+C. vulgaris 5%) pode indicar que maiores benefícios à saúde do peixe do que 
quando separadamente suplementada. Ambas mostraram eficácia contra parasitos monogenéticos das brânquias 
de tambaqui. Assim, conclui-se que o uso das microalgas C. vulgaris e A. platensis promovem ação imunoestimulante 
com eficácia antiparasitária em C. macropomum.

Palavras-chave: condição de saúde, suplementação com microalgas, ação imunoestimulante, colesterol, monogenea.
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inclusion of 10% C. vulgaris; c) A10, with inclusion of 10% A. 
platensis; d) C5+A5, with inclusion of 5% C. vulgaris and 5% 
A. platensis. The microalgae A. platensis (batch 202110405, 
China) and C. vulgaris (batch 997734, China), both in 
powdered form, were acquired commercially in Macapá, AP. 
The microalgae were analyzed using an optical microscope 
in the Environmental Sanitation Laboratory, Federal 
University of Amapá (UNIFAP), Macapá, AP, to confirm the 
degree of purity of the products. The experimental diets 
with the following levels of microalgae supplementation 
were obtained: a) C10, with incorporation of 100 g of 
C. vulgaris per 1 kg of extruded commercial feed (i.e. 
inclusion of 10% C. vulgaris); b) A10, with incorporation 
of 100 g of A. platensis per 1 kg of extruded commercial 
feed (i.e. inclusion of 10% A. platensis); c) C5+A5, with 
incorporation of 50 g of C. vulgaris+50 g of A. platensis 
per 1 kg of extruded commercial feed (i.e. inclusion of 5% 
C. vulgaris and 5% A. platensis); and d) Control, consisting 
of extruded commercial feed without incorporation of any 
microalgae (0% C. vulgaris+0% A. platensis). All experimental 
diets were prepared with a volume of 50 mL of soybean 
oil. In the case of diets with microalgae, soybean oil was 
used to incorporate the microalgae into each one kg of 
extruded commercial fish feed. After experimental diets 
were homogenized well and left to dry in a chamber heated 
to 60 °C about for 24 h.

The daily offered feed was equivalent to 5% of the 
total biomass of each experimental tank, slowly and 
carefully in order to permit fish quickly capture the 
granules of ration, avoiding loss of microalgae to water and 
ensuring the arrival of feed ration (and it supplemented 
product) to the digestive tract. To analyze centesimal 
composition of the experimental diets, 100 g of feed 
from each experimental diet was collected in triplicate 
(IAL, 2008; AOAC International, 1995; Silva and Queiroz, 
2002). Table  1 shows the chemical composition of the 
experimental diets. During the period of the experiment, 
the oxygen levels, temperature, and pH of the water were 
monitored using a multiparametric probe (Hanna, USA, 
mod. HI 9829, Kyoto, Japan). The following means and 
standard deviations were obtained: dissolved oxygen, 
5.2±1.88 mg/L; temperature, 28.45±1.00 ºC; and pH, 
6.8±0.89. The water quality in experimental tanks was 
adequate for tambaqui farm (Corrêa et al., 2018).

2.2. Growth and hematological analysis

After the feeding period, five tambaqui specimens from 
each replication (n = 60) were caught and anesthetized with 
0.1% benzocaine to minimize the stress of handling. After 
blood collection, the specimens were euthanized by spinal 
transection to obtain the total weight and total length; 
removal and weighing of the to check the hepatosomatic 
index (HSI=liver weight/body weight x 100).

A blood sample was obtained from each specimen 
by puncturing the caudal vein with a syringe containing 
anticoagulant (EDTA 5%). The following hematological 
parameters were determined: hematocrit (Ht, %), which 
refers to the percentage of erythrocytes in the blood, 
obtained through centrifugation of capillary tubes in 
a microhematocrit centrifuge (Micro Spin, model SPIN 

1. Introduction

Aquaculture as a sustainable activity produces 
healthy foods and has social benefits through providing 
employment and income. Moreover, it is highly profitable 
and produces high-quality animal protein (Valenti et al. 
2021). Considering that the production costs are high, it 
is very important to seek ingredients for these farmed 
animals diet that functionally go beyond their nutritional 
needs. Thus, the use of natural supplements instead of 
antibiotics has been strongly sought by the aquaculture 
industry (Abdel-Warith and Elsayed, 2019; Iftikhar and 
Hashmi, 2021; Rahimi  et  al. 2022). Within this trend, 
the use of microalgae biomass such as from Chlorella sp. 
(Trebouxiophyaceae) and Arthrospira sp. (Cyanophyceae) 
has been gaining ground (Valenti et al. 2021), given that 
it has high nutritional value consisting of approximately 
60% protein and 1 to 70% lipids, along with a wide 
variety of essential minerals and aminoacids (Abdel-
Warith and Elsayed, 2019; Silveira Júnior  et  al., 2019; 
Alagawany et al., 2021). In addition, microalgae biomass 
may present beneficial action against infectious and 
parasitic diseases (Andrade et al., 2018; Bratchkova and 
Kroumov, 2020; Zielinski et al., 2020). Tambaqui is a native 
fish species of the Amazon basin that is prominent within 
Brazilian aquacultural production given that it presents 
rapid weight gain and is highly appreciated for culinary 
purposes. However, the major obstacle to expansion of 
the market for this species is the high production costs 
mainly relative to feeding and maintenance of fish health 
(Izel and Melo, 2004; Ribeiro  et  al., 2016; Aride  et  al., 
2021). Thus, the aim of the present study was to evaluate 
growth, hematological, and antiparasitic responses of 
tambaqui (Colossoma macropomum) after feeding them 
with microalgae Arthrospira platensis and Chlorella vulgaris 
supplemented diets.

2. Materials and Methods

The present study was authorized by the Embrapa 
Amapá Ethics Committee for the use of Animals in 
Experiments (CEUA), protocol nr. 018-CEUA/CPAFAP and 
it is registered in the Brazilian National System for the 
Management of Genetic Heritage and Associated Traditional 
Knowledge (SisGen), under number A0D6DC.

2.1. Experimental design and diets

The experiments were carried out at the Aquaculture 
and Fisheries Laboratory, Embrapa Amapá, Macapá, AP. 
Tambaqui (C. macropomum) specimens (n = 60) of initial 
mean weight 62.57±8.76 g were randomly divided among 
12 experimental tanks (polypropylene water containers 
of 250 L capacity). Fish were fed with commercial 
feed containing 40% crude protein (Agronorte Rações, 
Tocantinópolis, TO, Brazil) four times a day (at 08:00, 
11:00, 14:00 and 17:00h) during acclimatization and the 
experiment period.

The experimental groups of the present study were run 
in triplicate, as follows: a) Control (without inclusion of 
microalgae: 0% C. vulgaris + 0% A. platensis); b) C10, with 
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1000), followed by reading the results using a reading 
card (Goldenfarb et al., 1971); hemoglobin concentration 
(Hb, g.dL-1), determined using the cyanmethemoglobin 
method, with absorbance readings at 540 nm in a 
spectrophotometer (Biospectro, SP-220) (Collier, 1944); 
and red blood cells count (RBC, 106 μL-1), performed 
through dilution of blood in a formol-citrate solution, 
with counting done in a Neubauer chamber under an 
optical microscope (Boeco, model BOE-01) (Ranzani-
Paiva et al., 2013). From these results obtained, the following 
hematimetric indices were calculated: mean corpuscular 
volume (MCV, fL), mean corpuscular hemoglobin (MCH, 
g.dL-1) and mean corpuscular hemoglobin concentration 
(MCHC, g.dL-1) (Ranzani-Paiva et al., 2013). Blood smears 
were prepared in duplicate and were stained with the 
May-Grünwald-Giemsa-Wright to obtain total leukocytes, 
total thrombocytes, and differential leukocytes counts, by 
indirect method (Ishikawa et al., 2008). After centrifugation 
of the blood (at 75 G, for 10 minutes) (Centrifuge 5424, 
Eppendorf, Hamburg, Germany), the plasma obtained was 
used to determine the total protein, albumin, glucose, 
total cholesterol, and triglyceride concentrations (Labtest 
Diagnóstica S.A., Minas Gerais, Brazil). The samples were 
read using a spectrophotometer (Biospectro SP-220, 
Curitiba, Paraná, Brazil), at wavelengths specific for each 
metabolite.

2.3. Parasites identification and quantification

After 20 days of feeding, the gills (n = 60) from each 
specimen were collected from fish and fixed in 5% formalin, 
for quantification and identification of the monogeneans. 
These parasites were prepared for identification using 
previous recommendations (Eiras  et  al., 2006). After 
quantification, the prevalence, mean intensity, and mean 
abundance were calculated (Bush et al., 1997). The efficacy 
of each treatment was also calculated, according to 
Zhang et al. (2014).

2.4. Statistical analysis

All data were previously evaluated to normality 
and homoscedasticity using Shapiro-Wilk and Levene, 
respectively, at one-way analysis (ANOVA), with a post-hoc 
Tukey test. As the data did not follow a normal distribution, 
the Kruskal-Wallis test was used, and the differences 
between the medians were compared using Nemeyer 
post-hoc test All at a significance level of α=0.05 (Zar, 
2010). All these statistical analyses were performed in 
the R Core Team software (2020).

3. Results

During the 20-day period of feeding, fish showed growth 
through comparing the initial and final weights and the 
initial and final standard lengths. However, there were no 
significant differences between the experimental groups. 
Fish mortality was not observed, with 100% of survival as 
indicated at Table 2. The HIS was similar (p > 0.05) between 
the experimental groups (Table 2).

The hematological parameters and plasma levels of 
glucose, total proteins, albumin, total cholesterol, and 
triglycerides of the tambaqui fed with diets containing 
different concentrations of microalgae are presented in 
Table  3. The Ht, Hb and MCHC values did not present 
significant differences through use of A. platensis and 
C. vulgaris in the diets, compared with those fed only with 
commercial feed. The plasma concentrations of glucose, total 
proteins and triglycerides were similar (p > 0.05) in all the 
experimental groups. The plasma levels of total cholesterol 
and albumin of the fish in group A10 increased (p < 0.05) in 
relation to C5+A5. According to the results showed on Table 3, 
RBC was significantly lower in tambaqui that received 10% 
A. platensis in their diet, compared with all other groups. 
The MCV of the group A10 was significantly higher than 
those of the Control group. The MCH of A10 were also higher 
(p < 0.05) than all other treatments.

Table 1. Proximal chemical composition (%) of the experimental diets: Control (0% C. vulgaris+0% A. platensis); C10, 10% supplementation 
with the microalga C. vulgaris; A10, 10% supplementation with the microalga A. platensis; and C5+A5, supplementation with % C. vulgaris 
and 5% A. platensis.

Parameters Control C10 A10 C5+A5

Dry matter (%) 93.86±0.51 96.21±0.25 97.13±0.11 96.93±0.21

Crude Protein (%) 33.19±1.15 36.01±0.45 31.42±3.29 32.92±3.52

Ether extract (%) 4.29±0.58 8.59±0.34 13.14±0.95 11.26±0.57

Ash (%) 13.31±0.22 11.68±0.41 11.57±0.35 11.59±0.15

Fiber (%) 5.92±2.38 7.29±1.85 8.56±1.93 7.96±1.62

Calcium (%) 1.83±0.06 1.71±0.13 1.66±0.21 1.74±0.07

Phosphorous (%) 1.54± 0.07 1.50 ± 0.03 1.42 ± 0.12 1.50 ± 0.01

Iron (%) 515.78±41.94 390.57±46.35 405.54±45.07 413±14.28

Copper (%) 35.22±5.56 24.59±2.77 22.57±2.80 23.48±0.93

Zinc (%) 319.02±36.77 233.79±21.86 218.43±18.68 213.54±4.88

Manganese (%) 68.77±9.96 51.05±3.49 46.46±4.27 48.80±2.91

Data expressed as mean±standard deviation.
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The total thrombocyte and the total and differential 
leukocyte counts of the tambaqui are presented in Table 4. 
The thrombocyte, lymphocyte, and neutrophil and PAS-LG 
counts did not show statistically significant differences 
between the experimental groups. The total leukocyte, 
monocyte, eosinophil, and basophil counts were lower 
(p < 0.05) in the blood of tambaqui fed with A. platensis 
(A10) than the Control and C10 groups.

All fish evaluated, regardless of the diet that 
they received, were parasitized by monogeneans 
(Anacanthorus spathulatus, Notozothecium janauachensis, 
Mymarothecium boegeri and Linguadactyloides brinkmanni) 
(Table 5). The abundance of monogeneans on the gills of 
C. macropomum varied between the treatments. All the 
treatments with microalgae (C10, A10 and C5+A5) showed 
antiparasite activity against monogeneans on the gills of 
the tambaqui and, thus, all the treatments showed good 
efficacy.

4. Discussion

Tambaqui presented body growth, with weight and 
length increases. However, A. platensis e C. vulgaris 
microalgae dietary supplementations were not the 
promoter of this growth, since this was similar to 
Control group. These findings differed from those of 
Faheem et al. (2022), that reported there was a weight 
gain of Ctenopharyngodon idella fed with diets containing 
1 to 5% A. platensis. Likewise, Simanjuntak et al. (2018) 
reported that there was an increase in the total weight 
of Osphronemus gouramy with addition of A. platensis at 
6 g/kg. Using diets in which 10 to 30% of the fish meal was 
replaced by A. platensis, Abdel-Warith and Elsayed (2019) 
observe that Nile tilapia grew after 12 weeks. According 
to those studies, microalgae effects on fish growth are 
dependent on some factor of the fish species studied such 
as physiological responses, feeding period used, levels 
of supplementation and development stage of the fish.

Table 2. Initial and final weight and length and hepatosomatic index (HSI) of juvenile tambaqui (Colossoma macropomum) fed diets 
supplemented with the microalgae Arthrospira platensis and Chlorella vulgaris: Control (0% C. vulgaris+0% A. platensis); C10, 10% 
supplementation with C. vulgaris; A10, 10% supplementation with A. platensis; and C5+A5, 5% supplementation with C. vulgaris and 
5% supplementation with A. platensis.

Control C10 A10 C5+A5

Initial weight (g) 62.96±8.77a 65.07±9.59a 59.51±7.47a 62.73±9.08a

Final weight (g) 110.96±16.57a 106.96±0.99a 100.5±17.2a 98.51±18.54a

Initial length (cm) 12.67±0.49a 12.77±0.59a 12.50±0.42a 12.70±0.56a

Final length (cm) 15.26±1.00a 15.35±0.51a 14.91±0.80a 14.58±1.10a

Fish survival (%) 100 100 100 100

HSI (%) 1.27±0.26a 1.37±0.23a 1.35±0.20a 1.43±0.17a

Data expressed as mean±standard deviation. Different letters in line means significant differences (p<0.05).

Table 3. Hematological variables and plasmatic levels of glucose, total proteins, albumin, total cholesterol, and triglycerides of juvenile 
tambaqui (Colossoma macropomum) fed diets supplemented with the microalgae Arthrospira platensis and Chlorella vulgaris: Control 
(0% C. vulgaris+0% A. platensis); C10, 10% supplementation with the microalga C. vulgaris; A10, 10% supplementation with the microalga 
A. platensis; and C5+A5, supplementation with % C. vulgaris and 5% A. platensis.

Control C10 A10 C5+A5

Ht (%) 28.27±2.15a 29.17±3.30a 29.23±2.96a 29.53±2.94a

Hb (g.dL-1) 7.50±0.94a 7.15±0.72a 7.80±0.78a 7.73±1.11a

RBC (x 106 µL-1) 1.89±0.22a 1.96±0.29a 1.70±0.17b 1.92±0.20a

MCV (fL) 150.66±14.79b 152.94±32.69ab 173.48±1.68a 155.29±21.96ab

MCH (g.dL-1) 40.07±6.34b 37.10±4.96b 46.24±5.06 a 40.64±7.16b

MCHC (g.dL-1) 26.53±2.66a 24.85±4.11a 26.83±2.78a 26.17±2.45a

Glucose (mg.dL-1) 55.33±9.18a 57.82±12.69a 52.87±12.44a 55.41±12.65a

Total protein (g.dL-1) 3.08±0.34a 3.30±0.34a 3.55±0.63a 3.42±0.61a

Albumin (g.dL-1) 0.59±0.12ab 0.64±0.12ab 0.69±0.16a 0.52±0.11b

Total Cholesterol (mg.dL-1) 58.68±12.00ab 61.57±11.84ab 71.89±11.46a 52.63±7.69b

Triglycerides (mg.dL-1) 156.96±27.67a 139.06±21.35a 158.23±31.27a 145.03±6.21a

Data expressed as mean±standard deviation. Different letters in line means significant differences (p<0.05). Ht, Hematocrit; Hb, Hemoglobin 
Concentration; RBC, Red Blood Cells Count; MCV, Mean Corpuscular Volume; MCH, Mean Corpuscular Hemoglobin; MCHC, Mean Corpuscular 
Hemoglobin Concentration.
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The liver is an important organ for a variety of metabolic 
processes, and the HSI can therefore be used as a biomarker 
at organ level, due to it increasing under stress situations 
(Morado et al., 2017). The microalgae supplementation 
used in the present study did not promote changes in 
HSI of tambaqui and it can be presumed that none of the 
diets, containing either of the microalgae evaluated, caused 
any damage to the liver of these fish. Similar results after 
fishmeal replacement with inclusions from 2.5% up to 10% 
of Nannochloropsis sp. in the diets were reported for juvenile 
turbot (Scophthalmus maximus L.) by Quiao et al. (2019).

Hematological variables of farmed fish may provide 
important information about the nutritional status and 
health condition of the fish (Tavares-Dias  et  al., 2009; 
Raji  et  al., 2018; Faheem  et  al., 2022). For example, 
the RBC is an important indicator of anemia and other 
dysfunctions (Ranzani-Paiva et al., 2013), when assessed 
with hematocrit and hemoglobin concentration. The lower 
RBC observed in the tambaqui fed with inclusion of 10% 
A. platensis, compared with all the other experimental 
groups, occurred probably in consequence of the MCV and 
MHC increases. Nevertheless, in contrary Abdel-Warith 
and Elsayed (2019) reported that in tilapia (O. niloticus) 
the supplementation levels of this microalga (10%, 20% 
and 30%) resulted proportionally increases of RBC, Hb and 
Ht values. Diet supplementation of 6 g/kg of S. platensis 

resulted on an increment in hematological parameters 
and immune enhancement for O. gouramy, according to 
Simanjuntak et al. (2018). Thus, different levels of inclusion 
of or substitution by A. platensis may cause a variety of 
effects in the immune system of these fish. Hence, it is 
very important to evaluate the behavior of each species 
in relation to supplementation provided to them.

The fish innate system includes skin as a physical barrier, 
the complement system, the antimicrobial enzymes, the 
interleukins, the interferon, and the organic defense, such 
as granulocytes, monocytes, macrophages and natural 
killer cells (Magnadottir et al., 2011). Phagocytosis is the 
primordial defense mechanism of aquatic organisms and 
macrophages and plays a pivotal role in the detection of 
pathogenic microrganisms and in suppress infectious 
agents (Nickel  et  al., 1999). Leukocytes are important 
defense cells and alteration of their normal count on the 
organism it may suggest the presence of some type of 
infection (Iftikhar and Hashmi, 2021). Monocytes are the 
main component of an organism defense and is the largest 
and the most abundant leukocyte in fish blood (Ranzani-
Paiva et al., 2013), besides to act in inflammatory processes 
and phagocytosis (Hoseinifar et al., 2016). Tambaqui fed 
with diet supplemented with A. platensis (A10) showed 
reduced numbers of leukocytes, monocytes, eosinophils, 
and basophils when compared to Control and C10 groups, 

Table 5. Parasitological indices and efficacy of treatment of monogeneans on the gills of juvenile tambaqui (Colossoma macropomum) 
fed diets supplemented with the microalgae Arthrospira platensis and Chlorella vulgaris: Control (0% C. vulgaris+0% A. platensis); C10, 10% 
supplementation with the microalga C. vulgaris; A10, 10% supplementation with the microalga A. platensis; and C5+A5, supplementation 
with % C. vulgaris and 5% A. platensis.

Control C10 A10 C5+A5

Prevalence (%) 100 100 100 100

Mean Intensity 37.3±10.2a 10.9±8.5b 12.1±7.9b 15.1±3.2b

Mean Abundance 37.3±10.2a 10.9±8.5b 12.1±7.9b 15.1±3.2b

Efficacy (%) - 70.8 67.6 59.5

Data expressed as mean±standard deviation. Different letters in line of abundance means significant difference (p<0.05).

Table 4. Total thrombocytes and total and differential leukocytes count in juvenile tambaqui (Colossoma macropomum) fed diets 
supplemented with the microalgae Arthrospira platensis and Chlorella vulgaris: Control (0% C. vulgaris+0% A. platensis); C10, 10% 
supplementation with the microalga C. vulgaris; A10, 10% supplementation with the microalga A. platensis; and C5+A5, supplementation 
with % C. vulgaris and 5% A. platensis.

Control C10 A10 C5+A5

Thrombocytes (x 103 µL-1) 108.21±30.77a 145.72±59.78a 110.99±39.48a 111.22±31.36a

Leukocytes (x 103 µL-1) 197.20±26.99a 210.36±37.98a 169.04±18.1b 193.37±19.75ab

Lymphocytes (x 103 µL-1) 86.45±25.45a 103.64±35.10a 81.44±21.82a 98.74±24.52a

Monocytes (x 103 µL-1) 53.54±12.72a 49.69±12.75ab 32.19±11.52c 43.38±19.76abc

Neutrophils (x 103 µL-1) 33.28±10.75a 29.11±11.73a 37.03±11.36a 33.37±17.72a

PAS-LG (x 103 µL-1) 4.83±2.91a 9.33±7.44a 12.92±7.55a 10.63±5.92a

Eosinophils (x 103 µL-1) 8.24±3.91a 8.75±5.54ab 2.37±1.78c 4.87±3.18abc

Basophils (x 103 µL-1) 10.86±5.32a 10.02±5.79a 3.10±2.16b 2.73±2.79b

Data expressed as mean±standard deviation. Different letters in line means significant differences (p<0.05). PAS-LG, Granular Leukocyte PAS positive.
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indicating an inflammatory process against pathogens 
(Biller-Takahashi and Urbinati, 2014). Supplementation 
with A. platensis in Nile tilapia (Abdel-Warith and Elsayed, 
2019) and in common carp Cyprinus carpio (Watanuki et al., 
2006) stimulated phagocytosis and superoxide production 
in leukocytes. In this way, monocytes, eosinophil, and 
basophil numbers in tambaqui fed with C. vulgaris, when 
compared to those fed with A. platensis, could indicate a 
better immunity of fish, possibly due to immunostimulant 
components, such as β-1,3-glucan, present in C. vulgaris 
(Raji et al., 2018).

The physiological state of an organism can be assessed 
analyzing some biochemical metabolites. In this regard, 
albumin is a protein responsible for nutrient transportation 
and for regulation of systemic osmotic activity. Increased 
levels of this protein may indicate an increase in the 
nonspecific immune response (Guardiola  et  al., 2018). 
Dietary A. platensis could improve fish immune response 
due to the presence of phycocyanin and β-carotene in 
the microalgae composition (Rijal  et  al., 2020). This 
improvement occurred in tambaqui that received 
supplementation of 10% A. platensis in comparison with 
those that only received 5% of the same microalga, 
indicating that a higher level of supplementation may 
be beneficial to the fish health. However, tambaqui that 
received 10% of A. platensis presented increased total 
cholesterol plasma levels. On the other hand, those fish 
that received both microalgae (A. platensis + C. vulgaris) in 
their diet showed reduction on total cholesterol plasma 
levels that could mean a benefit for C. macropomum health. 
Furthermore, these high cholesterol levels were still lower 
than those reported for Dicentrarchus labrax supplemented 
with 1% A. platensis (Fath El-Bab et al., 2022).

The feed supplemented with C. vulgaris and A. platensis 
showed effectiveness against monogeneans present 
on the tambaqui gills. These microalgae possess both 
primary bioactive agents and secondary agents such as 
polyphenols, carotenoids and saponins, among others, 
which have antifungal, antibacterial and anticancer 
properties (Bratchkova and Kroumov, 2020; Zielinski et al., 
2020). The microalgae A. platensis and C. vulgaris are rich 
in phenolic or polyphenolic compounds that act with 
chemical protection mechanisms against biological agents, 
ultraviolet radiation, and heavy metals and these products 
are natural antioxidants and can also protect the organism 
from free radicals (Alagawany et al., 2021; Andrade et al., 
2018; Bratchkova and Kroumov, 2020; Raji et al., 2018). 
Phenolic acids have substantial lipid and water solubility, 
and they can be absorbed in the stomach (Rahimi et al., 
2022). The microalga C. vulgaris presents molecules 
equivalent to terpenoids, which arisen throughout the 
evolution of green plants, including defense against 
herbivores and pathogens, a S-12-hidroxifnolil-L-cistein 
and this could explain the high effectiveness on tambaqui. 
Total prevalence of parasitic infestation in marine fish, 
Dicentrarchus labrax, Sparus aurata and Mugil cephalus 
decreased after fed with diets with equal amounts of 
Dunula salina, Amphora coffeaeformis and Nannochloropsis, 
since these microalgae increased and enhanced the 
innate immune response in fishes (Ahmed et al., 2020). 
Thus, it may be presumed that phenolic compounds of 

microalgae can show high efficacy (up to 70.8%) of the 
antiparasitic action of dietary A. platensis and C. vulgaris 
against monogeneans in juvenile tambaqui.

The microalgae C. vulgaris  and A. platensis 
supplementation promoted some immunostimulant 
responses in tambaqui (C. macropomum). Higher RBC, 
monocytes, eosinophil and basophil numbers in tambaqui 
fed with C. vulgaris, when compared to those fed with 
A. platensis, could indicate a better immunity of these fish 
due to immunostimulant components presence, such as 
β-1,3-glucan. An advantage for C. macropomum health 
was the reduction on total cholesterol plasma levels in 
fish that received diet with both microalgae (A. platensis + 
C. vulgaris) supplementation compared to the ones that 
received A. platensis. Moreover, there was an efficient 
reduction in the monogeneans present on the gills of 
tambaqui fed with diets containing these microalgae 
A. platensis and C. vulgaris, in combination or separately, so 
an antiparasitic action was observed. Nonetheless, further 
investigations on the supplementation with A. platensis 
and C. vulgaris, in combination or separately, besides the 
quantity of supplementation and duration of feeding should 
be verified. These additional studies should address the 
ideal quantities of supplementation with these microalgae 
in diets for these fish species that are needed for a variety 
of other benefits to be manifested.
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