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Dietary supplementation with acai (Euterpe oleracea) improved the
haemato-immunological parameters and growth performance of koi

carp (Cyprinus Carpio Linnaeus, 1758)
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Abstract

Amazonian phyiotherapeatics show greal potential in reating various dizeases and have proven effective in squsculure.
MAqai, a plant rich in emtboxidants, essentinl fatty scids, and anti-inflammatory properties, is a promising feed additive for
fish. This study evaluated the effects of dictary supplememation with agai in the diet of the juvendle kot carp Cyprimus cars
i [ Buoi variety). For this purpose, the fish were subjected i five dietary treaiments with different amounis of acai in the
feed [0, 5, 10, 15 and 20 g kg '] for 60 doys. Phyicchemical analyses revealed that the conlents of phenolic compounds,
flavonoids, tanming, and carotencéds and the sntioxidam potential of the experimental diels meressed as the nclusion
volome increased. At the end of the feed tnal, the growth performance. haematoimmuno logical parameters, and chemical
analysis of the fillet and skin of the fish were evaloated. Weight gaine daily weight gain, biomass gain, daily hbiomeass gain,
and feed conversion were significantly greater (p-<0.05) in the 15 g kg™! group than in the 5 g kg™ and comirol groups.
In terms of haemaiclogy, the number of thrombocytes was significantly greater (p<0.05) in the fish from the 20 g kg '
treatment group than i those from the control group. The plasma sntimicrobial sctivity significantly increased (p=<0.05)
in the 15 g kg™ and 20 g kg trestments, wheress the agglutnstion titre was significamily positive (p=< 0L05) in the acsi
treatments compared with the control groap. The results indicated that freese-dried scoi pulp could be used &= a growth
promeoier and improve the mnate moune response of O carpdo after Gl doys of distery supplemeniation

Keywords Ameron fruit © SAgqueculture © Fish nubrition © Immamity < Koi carp
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Anti-inflammatory, immunostimulant and antimicrobial properties of Reo
tannic acid in the diet of Oreochromis niloticus infected with

Aeromonas hydrophila
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ARTICLE INFO ABSTRACT
Keywords: The study aimed o assess the impact of dietary supplementation with tannie acid on the growth, health, and
Feed strategy survival of Oveochromis nilorois following exposure 10 Agromonas hydrophdla. A total of 320 fish were divided into

::::‘““] i 16 tanks and assigned to four treatment groups: feed with 0.2 % tannic acid (TAoz =), 0.4 % tannic acid (TAg4

Pish immunity se), LB % tannic acid (TAos «), or no tannie acid (Controlee), with each rearment replicated four times, over a
Tilapia health S50-day period. At the end of the 50-day period, biological samples were callected from the fish, which were then
intraperitoneally injected with A hydrophile. Mo significam differences in growth performance were detected
between reatments. As expected, levels of total leukoeytes, lymphocytes, monocytes, hemoglobin, and mean
corpuscular hemoglobin concentration (MCHC) were notably higher in the blood of the fsh after infection,
regardless of the reatment received. During both the pre- and post-infection periods, monocytes were more
abundant in the TAy 5 o and TAy 5 o treatments compared o the TAy , o, reatment. Additionally, there was a
significant interaction between the factors alfecting thrombocyies, newtrophils, basophils, hemoglobin, and
MCHC. Thromboeytosis and neutrophilia were significantly greater in the TAg g o, reatment pre-infection than in
the post-infection and control group. Conversely, a higher number of basophils were observed in the pos-
infection period in the TAD g o, treatment group compared 1o the pre-infection period. Total plasma protein
levels decreased significantly in the post-infection period, regardless of tannie acid supplementation levels, while
immunoglobulin levels incressed alter exposure 1o A hydrophile. Histological analyses revealed a significant
increase in the perimeter and number of intestinal villi in the TAg 4 o, rearment group before infection. The
number of goblet cells also increased in the control growp (0 %), TAg 4 5. and TAg g o before infection. In splenic
tissue, the TAy s o treatment resulted in a reduction in eosinophilic and mononuclear infiltraes, as well as
decreased congestion and vacuolation. Hemosiderin levels were lower in the TAg o and TAg s o treatment
groups. In the liver, lymphocytic infilirates were reduced in the TAg 3 « and ThAg.s « reatment groups, and portal
vein congestion was decreased in the TAos w post-infection and TAgs s pre-infection groups. Post-infection
survival rates were significantly higher (p < 0.05) in the TAgs = reatment group (91 %) compared 1o the
TAa g % Ireatment group (B5S %) and the control group (71 %), The resulis of the present study show that tannic
acid has a positive effect on the immune system of Nile tilapia. This s supported by improvements in innate
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Antimicrobial and anthelmintic effects of copper nanoparticles
against Koi carp parasites and their toxicity
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Abstract

This study investigated the in vitro antimicrobial and anthelmintic effect of copper
nanoparticles {CuMPs] against the bacterium Aeromonas hydrophila, the monogene-
ans Dactylogyrus minwtus, Doctylogyrus extensws, Gyrodoctylus cyprini, and the cestode
Schyzocotyle acheilognathi, as well as their toxicity to Cyprinus carpio Koi. In the antimi-
crobial in vitro test, the inhibition zone method and minimum inhibitory concentration
{MIC) were performed. In order to determine the time and efficacy of monogenean
parasite mortality, the parasites were exposed to CuMP concentrations of 20, 50, 100,
150, 200, and 300mg L™, and a control group with tank water and one with copper
sulphate pentahydrate (CuS0, H,0) at a concentration of 0.3mgL™, performed in
triplicate. The parasites were observed every 10min for 300 min, and mortality was
recorded. For the cestodes, parasites were immersed in CuNP concentrations of 50,
100, 150, and 300mgL ™. At the end of the in vitro tests, the anthelmintic efficacy of
each treatment was calculated. To assess the tolerance and toxicity in fish, they were
exposed to CuMP concentrations of 0.4, 1.25 2.5, 5 10, 20, and SIZImgL'1 for 12 h. The
MIC demonstrated that CuNPs effectively inhibited the growth of A. hydrophila wp to
a dilution of 12,500mg L and showed an inhibition zone of 14.0+ 1.6mm for CulPs.
The results of anthelmintic activity showed a dose-dependent effect of concentration
for both groups of parasites, with the most effective concentration being 300mgL in
1Z0min. In the toxicity test, the carps showed tolerance to lower concentrations. The
study indicated that CuMPs were effective against the studied pathogens. However,
it proved to be toxic to fish at high concentrations. The use of low concentrations is

recommended still requires further imeestigation.

KEYWORDS
bacterium, cestode, monogenean, nanatechnolegy, ornamental fish
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ARTICLEINFO ABSTRACT

Keywords: Zinc is one of the essential microelements for the metabolism of animals. Zine nanoparticles may have higher

Aquaculture bisavailability due to their low specific surface area, facilitating absorption by fish. The present study aimed to

"“f’“‘”‘it? evaluate the effects of supplementation with different zinc-based products on the growth and health of Nile

ﬁ:}’”‘:ﬁ:b tilapia Oreochromis nilotices. Zine, in different sizes (nanoparticles or bulk) and forms (inorganic or organic),

N“u'fim were used as a supplement in the tilapia diet at a dose of 15 mg kg feed ! for &0 days. At the end of the feeding

Onicdative stress trial, production performance, hemato-immunological parameters, activity of antioxddant system enzymes,
exposure to Sreprococcns agalactisge and zine concentration in the muscle were examined. After the bacterial
challenge, the mean corpuscular hemoglobin concentration (MCHC) significantly increased in the fish treated
with organic zine, inorganic nano zine, and organic nano inc, while in the control group (inorganic zine), MCHC
remained unchanged. Regarding defense cells, dietary inorganic nano zinc increased the number of basophils
(1.50 = 1.10) compared to organie zine (0,80 + 0.90). Lymphocyte count increased after the challenge only in
the arganic zine treatments (bulk and nanoparticles). Neutrophils decreased in the control (inorganic zinc) (220
+ 1.70) and inorganic nano zinc (260 £ 2.70) treatments after the challenge. When compared before and after
the bacterial challenge, the plasma antimicrobial titer significantly increased after the bacterial challenge in all
treatments. Mo significant differences were observed for total proteins, enzymes (30D and CAT), cumulative
survival and zinc deposition on fillet. In conclusion, organic zine in nanoparticles or bulk size increased Nile
tilapia innate defense during bacterial infection. Howewver, the other parameters evaluated were not affected by
zinc particle size or form (organic or inorganic), indicating that further evalnations should be conducted with
organic zinc in nanoparticles or bulk size in the tilapia diet.
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Silver nanoparticles exhibit in vitro anthelmintic and antimicrobial
activities against Dactylogyrus minutus (Kulwie¢, 1927), and Aeromonas
hydrophila in Cyprinus carpio Koi
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ARTICLE INFO ABSTRACT

Keywards: The study aimed to evaluate the in vitro anthelminthic and antimicrobial activity of silver nanoparticles (AgNPs)
Omamental fish farming against Dactylogyrus minutus and Aeromonas hydrophila, pathogens of Cyprinus carpio Koi. Gill arches of the fish

::Emm”;t oy were removed and placed into six-well plates containing 10 mL of tank water with varying concentrations of
P:\T:;g:"‘ o8y AgNPs: 100, 400, 500, 600, and 800 mg/L, along with control groups using tank water and distilled water. Each

group was tested in triplicate. Parasites were observed every 10 min for 300 min (5 h) using a stereomicroscope,
and mortality rates were recorded. Anthelminthic efficacy was calculated at the end of the tests. For the in vitro
antimicrobial test, the Minimum Inhibitory Concentration (MIC) of AgNPs was determined by adding 100 pL of
Poor Broth (PB) culture medium to all 96 wells of a microplate. The first well was filled with 100 pL of AgNPs,
followed by serial dilutions (1:2 ratio). Subsequently, 50 pL of A. hydrophila (1 = 107 CFU/mL) was added to all
wells and incubated for 24 h at 28 “C. Results showed that 800 mg/L of AgNPs achieved 87% anthelminthic
efficacy within 300 min, while 100 mg/L achieved 47% efficacy. The MIC showed bacterial growth inhibition at
125 mg/mL. Despite the 87% efficacy against parasites within 300 min, AgNPs did not reach 100% efficacy
quickly, limiting their potential use in ornamental fish farming. Further studies are needed to assess the toxicity
of AgNPs in fish.
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Probiotic mix of Bacillus spp. and benzoic organic acid as growth promoter | &&&
against Streptococcus agalactiae in Nile tilapia
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ARTICLE INFO ABSTRACT

Keywords: The aim of this study was to evaluate the effects of a probiotic mix composed of Bacillus subtilis, B. licheniformis
Aquaculture and benzoic acid, on the zootechnical performance and hematoimmunological parameters of juvenile Nile ti-

Bacterial infection lapias; and to evaluate survival and immunological parameters after infection with Streptococcus agalactiae via

:i‘:“_’l’i‘l’]"‘éy gavage. A total of 320 fish were distributed into four experimental groups with four replicates (20 fish per
Ir::[:ﬂi;?v experimental unit). These were fed as follows for 54 days: control (no supplementation); feed supplemented with

0.1% benzoic acid (BAg 14); feed supplemented with a probiotic mix of Bacillus spp. (B); and feed supplemented
with Bacillus spp. together with 0.1% benzoic acid (B + BAg_1q.). Fish fed with BAg 14, showed better results for
weight gain (48.33 £ 5.23 g), final biomass (1005.99 + 85.10 g), specific growth rate (4.14 + 0.08) and survival
after experimental challenge, compared with the control group. The number of thrombocytes was positively
influenced in all treatments (B), compared with the control group. Combined supplementation of the probiotic
mix of Bacillus spp. and 0.1% benzoic acid promoted a synergistic effect on the concentration of total leukocytes,
compared with supplementation only with BAg j4¢. Agglutination activity was higher post-infection (p < 0.05) in
the group supplemented with Bacillus probiotic mix, compared with BAg 10 € B + BAp 10 It is emphasized that
0.1% benzoic acid supplementation provided better zootechnical performance and survival for Nile tilapia in the
challenge with S. agalactiae.
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ARTICLEINFO ABSTRACT

Keywords: The aim of this study was to evaluate the influence of 0%, 0.1%, 0.2%, or 0.3% organic benzoic acid on the
Foud additive intestinal microbiota of Nile tilapia (Oreochromis niloricus). Classical medium-dependent microbiology, histalogy,
G‘f' h""fm‘ and metagenomics analyses used high-throughput sequencing. Fish (n = 320) were divided into 16 tanks, with
::ﬂ;m_: four fish per group: not supplemented with benzaic acid (BAgss), and supplemented with 0.1% (BAg 1), 0.2%

(Bn as), or 0.3% (BAq 3s) benzoic acid. The experimental diets were fed four times daily for 54 d. After the
experimental period, in relation to classical microbiology, BA; 3., favored total heterotrophic bacteria (517 =
0.32) compared to the other treatments. Histological results revealed BAy 14, resulted in the greatest increase in
villus length (69.93 + 23.84) compared to the control group and villus height (22,93 + 6.78) compared to the
ather supplemented groups, which shows berter absorption of putrients with consequent better growth. In
metagenomics results, the main phyla were Actinobacteria and Firmicutes in the BA; s and BAg ., group,
respectively, and showed positive modulation with BAj . supplementation, consolidates that BAD.1% is
beneficial for intestinal health. There was no increase in bacterial richness in the supplemented fish, regardless of
the benzoic acid dose, validating the bactericidal and bacteriostatic activities. These resulis suggest that benzoic
acid supplementation in the diet of 0. niloticus positively moduolates intestinal health at 0.1%. This study also
suggests that organic acids are important & an alternative to the use of antibiotics, since several acids have
already proven to be efficient in the digestibility of nutrients and a positive modulator of the intestinal micro-
biota, therefore, knowing the appropriate dose of each acid for each species is extremely important for 2 more
sustainable fish farming.




