Méndez-Martinez Y et al. (2025)

‘ l Notulae Botanicae Horti Agrobotanici Cluj-Napoca
Volume 53, Issue 2, Article number 14399
AcademicPre DOI:10.15835/nbha53214399 Aorplac Borsajeac Hord

Research Article

Dietary Tithonia diversifoliaimproves hematology, antioxidant
capacity, liver health, and disease resistance in hybrid of
Oreochromis mossambicus x Oreochromis niloticus

Yuniel MENDEZ-MARTINEZ*, Pedro D. MENDOZA-CARRANZA,
Juan P. ORDONEZ-IGLESIA, Veronica del C. SEGOVIA-
MONTESDEOCA, Ana N. MORENO-VERA, Melanie A.

CASANOVA-ERAZO, Mishel E. MENDEZ-SEGOVIA

Universidad Técnica Estatal de Quevedo (UTEQ), Facultad de Ciencias Pecuarias y Bioldgicas, Experimental Aquaculture
Laboratory, Av. Quito Km. 1 1/2 via a Santo Domingo de los Tsdchilas, Quevedo 120301, Los Rios, Ecuador;
ymendezm@uteq.edu.cc (“corresponding author); pedro.mendoza2014@uteq.cdu.cc; jordonezi@uteq.edu.ec;
vsegoviam@uteq.edu.ec; amoreno@uteq.edu.ec; melanie.casanova2014@uteq.edu.ec; mishel. mendez2014@uteq.edu.cc

Abstract

Herbal medicines have been used for centuries for the treatment of various ailments and there has been
a recent resurgence of interest in the use of natural products. This investigation was carried out to evaluate the
role of 7ithonia diversifolia(TD) on haematology, antioxidant and transaminases enzymes, liver histology and
discase resistance in juvenile tilapia hybrids ( Oreochromis mossambicus x Oreochromis niloticus). TD powder
(0,40, 80, 120 and 160 gkg" diet) was fed to cultured fish at a density of 15 fish/aquarium (n = 3 aquaria per
treatment) for cight weeks (pre-challenge period). At the end of the feeding trial, 18 fish from each group were
given intraperitoneal injections with a pathogenic strain of Aeromonas hydrophila to test the protective
efficacy of TD against bacterial infection for seven days (post-challenge period). The results after eight weeks
revealed significant differences (P < 0.05), with an increase in haematological variables and antioxidant activity,
low levels of transaminases and an adequate hepatic histological response in the TD-fed fish. In the
experimental challenge, the control group experienced higher mortality rates than the other groups after the IP
injection with A. Aydrophilaat a dose of 0.25 ml for fish (1x10° CFU ml") and the relative level of protection
(RLP = 78.33%) was significantly higher (P < 0.05) with the treatment containing 160 g.kg" of dietary TD. A
correlation and principal component analysis (PCA) confirmed the results. In conclusion, these findings
suggest that TD up to levels of 160 gkg”, could serve as a natural phytobiotic to enhance tilapia health and
disease resistance, potentially reducing reliance on synthetic products in aquaculture.
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Introduction

Herbal medicinal stimulants have been used for centuries for the treatment of various ailments and
discases. But recently, interest is on the rise due to their combination of different phytochemicals that are
synergistic in their action (Jiang er al, 2020; Rajcevi¢ er al, 2022) and reduced side effects compared to
synthetic drugs (Pham er al, 2020).

Polyphenolic compounds are abundant in plant-based functional foods, including fruits, vegetables, and
legumes. Their health benefits have gained increasing attention (Rana er a/, 2022; Kamble ez al, 2024). These
compounds contribute to antioxidant balance by enhancing enzymatic defenses (superoxide dismutase,
catalase, glutathione peroxidase, and glutathione reductase) and neutralizing free radicals (Hu ez a/, 2025;
Rudrapal er al, 2024). Additionally, they exert hepatoprotective effects by regulating metabolic enzymes,
including transaminases (Jia et a/, 2019; Ahmadifar er al, 2021). Despite their known benefits, the precise
mechanisms by which herbal medicines modulate fish metabolism and immunity remain unclear (Ma et al,
2024; Hu eral, 2025).

One plant with biostimulatory properties is 7ithonia diversifolia (TD), the Mexican sunflower, or
golden button, is native to Mesoamerica, specifically to Mexico and Central America, which is a non-
leguminous plant belonging to the family Asteraceae that is widely found in Asia, Africa and the Americas
(Kriticos and Kriticos, 2021). It has characteristics that give it a high production potential, including tolerance
to poor soils, resistance to water stress and cutting, with an approximate production of 55 t DM/ha/year
(Gonzalez-Castillo er al, 2014). According to Vargas Veldzquez et a/. (2022) and Robinson er al (2024), this
plant contains more than 1,200 classes of secondary compounds. However, due to their high diversity, not all
of them have been studied, thus few groups are known about, such as polyphenols, cyanogenic glycosides,
saponins, steroids and phytohaemagglutinin (Gutiérrez er al, 2015; Okuna, 2024). Its leaves and flowers are
also good sources of high-quality protein and edible biomass (Buragohain and Rajkhowa, 2019).

Several studies have demonstrated that TD and its derivatives exhibit antioxidant, antibacterial,
antiparasitic, anti-inflammatory, anti-obesity, anticancer, and neuroprotective activities (Mabou er a/, 2018;
Chao er al, 2022; Villarreal-Rivas er al, 2022; Akeumbiwo er al, 2023). Although research on TD in
aquaculture remains limited, existing studies highlight notable benefits. For instance, Hahn-von-Hessberg ez
al (2016) reported optimal digestibility of TD leaves in Oreochromis niloticus. Similarly, Nafiqoh ez al (2020)
observed improvements in haematological parameters and innate immunity in Clarias gariepinus, while
Méndez-Martinez et al (2023a) documented enhanced growth and metabolic responses in red tilapia.

Currently, the aquaculture industry enjoys a favourable context for its growth. However, challenges
persist that affect the efficiency of production systems, such as the limited availability of raw materials for feeds
and the increase of pathogenic diseases caused by fungi, viruses and bacteria (Inslam er a, 2024; Mkulo ez al,
2024). Aeromonas spp. arec among the most common causative agents of bacterial infections in farmed fish (El
Asely et al, 2020; Moustafa er al, 2020, Ofek er al, 2023; Machuca er al, 2024). Which have as their main
virulence factor the ability to produce toxins and hydrolytic enzymes, which facilitate invasion and tissue
damage in the host. (Abdella er al, 2022; Anduezaer al, 2023; Ofek et al, 2023), often resulting in high
mortality rates, reduced growth performance, and increased production costs due to treatment and prevention
measures (Nafiqoh et al, 2020; Moustafa et al, 2020). As a preventive measure, aquaculture has resorted to the
use of prophylactic treatments and antibiotics to maximise the health and performance of species such as red
tilapia (Moustafa er al, 2020; Machuca er al, 2024), which is farmed in intensive and semi-intensive systems
and stands out for its biological and organoleptic characteristics (Méndez-Martinez eral, 2021; 2023b; Karaket
eral,2025).

However, chemical treatments have shown limitations, as they can accumulate in body tissues, affecting
their quality and generating health problems (Elgendy ez al, 2024). In addition, antibiotics are critical both for
their environmental impact and for the antimicrobial resistance they induce (Yang er a/, 2020). The ban on
the use of antibiotics as growth promoters has prompted the search for alternatives that optimise cultivation
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technologies, especially at early stages where diseases can be critical (Hemamalini er a/, 2022; Méndez-Martinez
et al, 2023b).

Based on the above, the use of medicinal plants like TD becomes relevant in terms of improving health,
metabolisms and immune systems and preventing infection by pathogens as well as improving survival rates in
tropical regions. This study focused on evaluating the effect of TD consumption on haematology antioxidant
and transaminases enzymes, liver histology, and disease resistance in Oreochromis mossambicus x
Oreochromis niloticus. The findings enhance our understanding of the potential application of TD in tilapia
aquaculture.

Materials and Methods

Study site and experimental conditions

Fish with an average initial weight of 6.74 + 0.50 g were purchased from a local fish farmer and
transferred to the Aquaculture Laboratory at the Faculty of Livestock and Biological Sciences (01°03°18”S,
79°25'24”Q) of Universidad Técnica Estatal de Quevedo (UTEQ). There, they underwent a seven-day
acclimatisation period before the study began, which consisted of two experimental phases.

Trial 1 (pre-challenge): For this phase, fish were randomly distributed into 15 plastic aquaria (27.6 cm
x 16.5 cm x 12.5 cm), with a density of 15 fish per aquarium and three aquaria assigned to each treatment. The
aquaria were cleaned each morning before the fish were fed to remove faeces and food debris, and then the
water was replaced. Fish were fed ad /ibitum twice a day (at 09:00 and 17:00 hours) for a period of eight weeks.
Trial 2 (post-challenge): Of the fish that survived Trial 1, six individuals per aquarium (18 fish per treatment)
were randomly selected for exposure to an experimental challenge with A. Aydrophila for seven days. During
the challenge trial, the same feeding regime was employed.

In both trial periods, the physicochemical parameters of the water were monitored to ensure that they
were within the levels required for the species. Temperature values were measured with a mercury thermometer
(0 to 50 °C) and ranged from 27.0 to -27.8 °C. Dissolved oxygen was measured using a digital oximeter (55-
DO, YSI Incorporated, Yellow Springs, OH, USA) and ranged from 4.03 to 5.01 mg.L" and pH (7.26-7.34),
NH4 (0.43-0.61 mg.L"),NO2 (0.29-1.13 mg.L") and NO3 (0.47-0.89 mg.L") measurements were taken with
the aid of a colorimetric kit (Saltwater Master Test, OH, USA).

Formulation and bromatological analysis of diets

To produce TD powder, the plants were cultivated in Santo Domingo de los Tsachilas, Ecuador, at
kilometre 12 on the road to El Carmen, Quevedo. The leaves were harvested at 70 days of growth, then dried
at 80°C for 24 hours in an air-flow oven. Afterwards, they were ground using a hammer mill and sieved to 250
um. The experimental diet formulations are presented in Table 1 and contain six different levels of TD leaf
powder: 0, 40, 80, 120 and 160 g kg of diet, for a total of five treatments, following the procedure used by
Méndez-Martinez et al. (2023a).

All bromatological analyses were performed in triplicate. The bromatological composition of the
experimental ingredients and diets (Table 1) was determined using the methods of the Association of Official
Analytical Chemists (AOAC, 2005). Digestible energy (DE) was estimated theoretically from the conversion
factors according to Ramanathan ez a/. (2015) and Botello e al. (2022).

Fish sampling

Trial 1 (pre-challenge): At the end of the experiment (eight weeks), the fish (final average live weight:
22.93 g) were fasted for 14 hours and then anaesthetised with 4-allyl-2-methoxyphenol (1: 10%), to minimize
pain in fish. Then, five experimental juvenile red tilapia were randomly selected from each tank (n = 15 per
treatment), and blood samples were drawn from the fish by puncturing the caudal artery at the haemal arch
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using disposable syringes (1 mL). Blood samples were stored at 4 °C until the analysis of antioxidant enzyme
activity, transaminase and haematology. After blood collection, three juvenile red tilapia were randomly
collected from each tank (n = 9 per treatment) for a liver examination and samples were immediately fixed by
immersion in 10% neutral formalin for 24 hours for histological analysis. Test period 2 (post-challenge):
Challenged fish were monitored daily for seven days for any signs of discase and mortality was also recorded.

Table 1. Formulation and chemical composition (g kg”, wet basis) of experimental diets with Zithonia
diversifolia powder inclusion

Tithonia diversifolia flour levels

Ingredient (gkg)

0 40 80 120 160
Tithonia diversifolia powder ! 0 40 80 120 160
Fish meal 330 310 290 270 250
Soybean meal ? 160 182 203 225 246
IWheat meal 4 224 195 165 136 107
Corn meal ® 210 197 186 173 161
Mineral premix * 10 10 10 10 10
Vitamin premix 7** 20 20 20 20 20
Grenetine ® 20 20 20 20 20
Vitamin C? 1 1 1 1 1
Vegetable oil " 10 10 10 10 10
Fish oil !! 15 15 15 15 15
Proximal composition
Dry matter 925.4 925.4 925.3 925.2 925.2
Crude protein 336.4 336.0 335.2 334.8 334.1
Crude lipid 59.4 61.2 61.6 61.9 62.2
|Ash 90.7 95.3 96.5 97.7 98.9
Nitrogen-free extract (NFE) 424.0 411.2 403.7 395.8 388.3
DE (M] kg of food) 12.59 1243 12.28 1212 11.97
CP DE" (mg PC MJ ) " 2672 27.04 2731 27.62 27.90

Note: 'Santo Domingo de los Tsachilas, 12 km along to road the Carmen; > Commercial “El Gordillo” in Santo
Domingo de los Ts4chilas, Ecuador; *> 1% Supermaxi, Quevedo, Ecuador; 462 Super Success, Quevedo, Ecuador; 7
Supplies AZ, La Paz, BCS, Mexico; ! Fortidex S.A in Santa Elena; *mg kg': Magnesium sulfate 5.1; Sodium chloride
2.4; Potassium chloride 2; Ferrous sulfate 1; Zinc sulfate 0.2; Cupric sulfate 0.0314; Manganous sulfate 0.1015; Cobalt
sulfate 0.0191; Calcium iodate 0,0118; Chlorine chloride 0.051. **mg kg': Thiamine 60; Riboflavin 25; Niacin 40;
Vitamin B6 50; Pantothenic acid 75; Biotin 1; Folate 10; Vitamin B12 0.2; Hill 600; Myoinositol 400; Vitamin C
200; Vitamin A 5000 UT; Vitamin E 100; Vitamin D 0.1; Vitamin K 5. Calculated value: 2M] kg of feed: digestible
energy; *mg PC MJ":protein ratio for each MJ of energy in the diet

Evaluation of haecmarological parameters

Haemoglobin was determined using Drabkin’s reagent following cyanmethemoglobin methodology
and a spectrophotometer reading at 546 nm. Total RBC (erythrocytes), count was calculated in a 0.0025 mm?®
Neubauer chamber (OPTIK-Labor, Germany) using acetic acid reagent and Hayem’s solution as diluent in a
ratio of 1:200 (Blaxhall and Daisley, 1973). The blood haematocrit value was measured using the standard
microhematocrit method with the aid of a microcentrifuge. Erythrocyte indices of mean corpuscular volume
(MCV), mean corpuscular haemoglobin (MCH) and mean corpuscular haemoglobin concentration (MCHC)
were determined using the following equations (Blaxhall and Daisley, 1973):

MCV (fL) = 10 x Hematocrit (%) / Erythrocytes (10"*L™")

MCH (pg) = 10 x Hemoglobin (g.dL") / Erythrocytes (10"L")

MCHC (g.dL") = 100 x Hemoglobin (g.dL") / Hematocrit (%)



Méndez-Martinez Y et al (2025). Not Bot Horti Agrobo 53(2):14399

Transaminase and antioxidant enzyme analysis

Blood samples were centrifuged at 1,200 rpm for 10 min to separate plasma forms. Metabolic enzyme
activities of aspartate aminotransferase (AST), alanine aminotransferase (ALT) and alkaline phosphatase
(ALP) were determined following the procedure of Bergmeyer er al (1976) using a kit (Diagnostics
Worldwide, Germany). Samples were incubated for 15 min at 37 °C for AST, 5 min at 37 °C for ALT and 6
min at 35 °C for ALP. Absorbance readings were performed with a spectrophotometer (Sunostlk Plus,
Kunshan Road, China) for three minutes at 340 nm ABS for AST and ALT, and two minutes at 405 nm ABS
for ALP. The enzyme activities for these three enzymes were expressed as U.L™.

The antioxidant enzyme activities of superoxide dismutase (SOD), glutathione peroxidase (GPX) and
catalase (CAT) were determined following the procedures of McCord and Fridovich (1969), Plagia and
Valentine (1967) and Aebi (1984), respectively, using a kit (Ransel, Randox, Crumlin, Antrim, UK). Samples
were incubated for 15 min at 37 °C for SOD and GPX, and at 25 °C for CAT. Absorbance readings were
performed with a spectrophotometer for three minutes at 340 nm ABS for SOD and GPX, and one minute at
405 nm ABS for CAT. Enzyme activity for these three enzymes was expressed as U ml”. All assays were
performed in triplicate to avoid errors as much as possible.

Liver morphohistology analysis

Livers were collected, fixed in 10% formalin, dehydrated in a series of ethanol solutions of graded
concentrations (50-100%), rinsed with xylene and embedded in paraffin. From these samples, 4-5 pm thick
sections were obtained and stained with haematoxylin and cosin (H&E). The images were captured at 100x
magnification. The areas of hepatocytes, nuclei and cytoplasm in the liver tissues could be determined using the

Imagen] v1.54p software (NIH, Bethesda, MD, USA).

Bacrerial preparation and challenge study

The A. hydrophila culture was grown in Trypticase-Soya Agar (TSA) nutrient broth for 24 h at 30 °C.
The culture broth was centrifuged at 3000xg for 10 min to obtain a bacterial cell pellet which was resuspended
in sterile phosphate-buffered saline (PBS, pH 7.4). The final bacterial concentration was adjusted to 1.0x10°
CFU ml" using the serial dilution method.

Fish were infected intraperitoneally by injecting 0.25 ml/fish (1.0x10° CFU ml") of previously prepared
A. hydrophilabacterial suspension. The A. Aydrophilawere confirmed to be pathogenic for O. mossambicus x
O. niloticusvia the intraperitoneal (IP) route of injection, with LDso values (lethal dose, the dose which kills
50% of the injected fish) estimated to be 1.0x10° CFU ml” for A. Aydrophila. The challenged fish were
monitored daily for seven days for any signs of disease. Dead fish were removed immediately. Mortality was also
recorded to calculate the cumulative survival rate (SR) and the relative level of protection of challenged fish
according to the equations (Ruangroupan et al 1986):

SR (%) = 100 x (Number of fish still alive after challenge/Number of fish injected with pathogenic
bacteria)
RLP (%) = 100 x (1 - (% mortality in TD-treated groups/% mortality of control group)

Statistical analysis

The statistical analysis of the results was presented as mean + standard error of the group. Normality
and homoscedasticity tests were applied to the collected data (P < 0.05). Subsequently, Duncan’s comparison
test with a significance level of 5% was used to identify significant differences between treatments using
Minitab-v18 statistical software (Minitab LLC., Philadelphia, PA, USA). In addition, a Pearson s correlation
analysis, and Principal component analysis were performed using Python 3.10 software (Foundation,

Wilmington, DE, USA).



Results

Haematology

Figure 1 shows the haematological results. Haemoglobin, erythrocyte count, and MCHC levels were
significantly higher (P < 0.05) in fish fed TD-supplemented diets (T4 and T5) compared to the control group
(T1). In contrast, MCH and MCV values were significantly lower in the T5 group, suggesting potential
modifications in erythrocyte morphology and oxygen transport efficiency.
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Figure 1. Effect of Tithonia diversifolia consumption on haematological parameters in Oreochromis

mossambicus x Oreochromis niloticus

Note: Results are reported as mean + standard error of three groups according to treatment (n = 3). *¢ Different letters
in the denote significant differences (P < 0.05). MCV: Mean corpuscular volume, MCH: Mean corpuscular

haemoglobin, MCHC: Mean corpuscular haemoglobin concentration
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Antioxidant enzymes and transaminases

With respect to antioxidant enzymes and transaminases (Figure 2), significant differences (P < 0.05)
were found between groups treated with TD powder and the control treatment. The groups of fish fed with
TD (T4 and T5) in the diet showed significantly (P < 0.05) lower levels of SOD, CAT and GPX than the
control treatment, indicating enhanced oxidative stress resistance, respectively. Additionally, ALT and AST
levels were lower in TD treated groups, suggesting a hepatoprotective effect and reduced liver damage. While
for ALP, a significantly (P < 0.05) higher level was found in TS than in the rest of the treatments (Figure 2).
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Figure 2. Effect of Tithonia diversifoliaintake on transaminase enzymes and antioxidants in Oreochromis
mossambicus x Oreochromis niloticus

Note: Results are reported as mean * standard error of three groups according to treatment (n = 3). **
Different letters in the denote significant differences (P < 0.05). AST: Aspartate aminotransferase; ALT:
Alanine aminotransferase; ALP: Alkaline phosphatase; SOD: Superoxide dismutase; CAT: Catalase,

GPX: Glutathione peroxidase
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Liver morphohistology
When examining the liver cross-section of red tilapia juveniles fed different levels of dietary TD (Figure
3), no pathological changes were observed in the fish livers. Hepatocytes were observed to form cords and

plaques that establish continuous communication.

Figure 3. Photomicrograph of liver cross-sections of juvenile hybrid red tilapia Oreochromis mossambicus
x Oreochromis niloticus fed with increasing amounts of 77thonia diversifoliain their diet

Note: Nph: number of pyknotic hepatic nuclei. He: Indicates hepatocyte cells, Be: blood congestion, Ctc: connective
tissue capsule composed of collagen and clastin fibers, Ac: Indicates pancreatic acinar cells that are organized around
the portal vein, Pv: Portal Vein with presence of red blood cells, Bd: bile duct, Cbs: Congestion of blood in sinusoids,
Vf: vacuole formation, Mm: melanomacrophages. H&E staining. 100 x magnification. Scale bar: 25 um. T1 (A), T2
(B), T3 (C), T4 (D) and T5 (E)
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Clearly defined, large, spherical nuclei containing nucleoli, and moderate cosinophilic cytoplasm were
observed. The nucleoli were characteristically regular and abundant nucleoli were found to be located at the
periphery of the hepatocyte cells. Kupffer cells, hepatic sinusoids and pancreatic acinar cell tissue in a normal
state were also observed. However, in the hepatocytes of fish that reccived TD powder at T4 and TS5, a
cytoplasm with mild diffuse vacuolisation wasobserved.

Regarding histomorphometric parameters in hepatocytes (Figure 4), significant differences between
treatments were recorded. The highest values of hepatocyte area, cytoplasm area and cytoplasm area/nuclear
area ratio were found in TD treatments (T4 and T5), which differed significantly (P < 0.05) from the control
treatment (T1). Meanwhile, the nucleus area reached its maximum with the T4 treatment, differing
significantly (P < 0.05) from the remaining treatments.
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Figure 4. Effect of Tithonia diversifolia consumption on liver morphohistological parameters in
Oreochromis mossambicus x Oreochromis niloticus

Note: Results are reported as mean + standard error of three groups according to treatment (n = 3). * Different letters

denote significant differences (P < 0.05)

Challenge infection and relative level of protection

Mortalities were associated with characteristic signs of A. Aydrophila infection, including external
lesions (skin ulcers, reddening) and internal damage (hemorrhages, ascites), reinforcing the pathogenic impact
of the bacterial challenge.

The survival rate of the challenged juvenile fish during a seven-day observation period showed significant
differences (P < 0.05), specifically 20% for the control group, while the TD-treated groups had survival rates
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of 53.33 to 80%, respectively, with the highest survival achieved at TS (Figure 5). The RLP showed significant
differences in the TD-treated groups, ranging from 39.44 to 78.33% as TD levels increased (Figure 5).
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Figure 5. Effect of Tithonia diversifolia consumption on Oreochromis mossambicus x Oreochromis
niloticus with Aeromonas hydrophila-induced infection.

Note: Results are reported as mean + standard error of three groups according to treatment (n = 3). ¢ Different
letters denote significant differences (P < 0.05)

Pearson's correlation and Principal Component Analysis

The correlation analysis (Figure 6A) reveals significant interactions among various haematological,
enzymatic, and morphological parameters. A strong positive correlation is observed between haemoglobin,
haematocrit, and erythrocytes, suggesting a possible influence of Tithonia diversifolia on red blood cell
production and oxygen transport capacity in fish. Additionally, antioxidant parameters such as SOD, CAT,
and GPx exhibit variable correlations with hepatic enzymes (AST, ALT, and ALP), indicating a potential
impact of 7D on redox balance and liver function. Furthermore, cellular morphology, represented by
hepatocyte and cytoplasmic area, is closely related to hepatic enzymes, which could imply structural changes in
response to the experimental diet. On the other hand, the observed correlation between survival and various
biomarkers suggests that the physiological state of the fish plays a crucial role in their adaptation to the diet
containing 7. The relationship between hepatocyte ratio, nuclear area, and hepatic enzymes indicates that
the diet may be modulating key cellular processes in fish metabolism.
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Figure 6. Pearson's correlation heatmap among the different study variables (A). Biplot of Principal
Component Analysis (PCA), which allows for dimensionality reduction and pattern visualization in the
treatments (B)

The Principal Component Analysis (PCA) (Figure 6), with its first two principal components, explains
a substantial proportion of the total variability (67%). PC1 (48.23%) accounts for nearly half of the total
variance and is primarily influenced by haematological variables such as haematocrit, haemoglobin, and
erythrocytes. Meanwhile, PC2 (19.73%) is mainly associated with hepatic and antioxidant factors, including
GPx and ALT. In terms of clustering, T1 and T2 exhibit similarities, while T3 and T4 display greater
dispersion, indicating a more variable response. In contrast, T'5 is distinctly separated, suggesting a unique effect
on the assessed parameters. The differentiation of treatments is driven by key variables: haematocrit,
haemoglobin, and erythrocytes strongly influence PC1, whereas GPx, CAT, and SOD contribute notably to
PC2. Additionally, important correlations are observed, such as a positive relationship between haematocrit
and haemoglobin and an inverse correlation between MCV and erythrocytes. Overall, the PCA provides
valuable insights into the differentiation of treatments, emphasising the impact of hacmatological, hepatic, and

antioxidant variables on the observed variability.
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Discussion

The TD supplementation significantly enhanced hacmatological parameters, including haematocrit,
haemoglobin concentration, and erythrocyte count, suggesting improved oxygen transport efficiency. The
increase in haematocrit levels is particularly relevant, as it enhances aerobic capacity and resilience to stress
(Dagoudo er al, 2021). Furthermore, clevated hacmoglobin concentrations indicate improved protein
synthesis, leading to better oxygenation at the tissue level and optimized metabolic performance. This may be
attributed to effects generated by the bioactive content of TD, especially its phenolic compounds, flavonoids
and terpenes (Maher eral, 2021), which may stimulate erythropoiesis by enhancing bone marrow activity and
mitigating oxidative stress (Nugroho ez a/, 2016; Sogbesan and Ahmed, 2018).

The increase in total erythrocytes in TD-fed fish supports the hypothesis that plant bioactive
compounds may be acting as modulators of gene expression or as precursors in the synthesis of cellular
components, such as erythropoiesis, also providing protection of erythrocyte cell membranes from oxidative
damage, thus improving their stability and lifespan. This is in line with previous research that reported similar
haematological benefits of including antioxidant-rich plants in aquaculture diets (Sogbesan and Ahmed, 2018;
Adeniyi et al, 2024). Furthermore, the observed positive effects could be related to the high content of essential
nutrients in TD, such as vitamins, minerals and high-quality proteins (Aye, 2016; Hahn-von-Hessberg er al,
2016; Méndez-Martinez et al, 2023a), which arc essential for haemoglobin synthesis and erythrocyte
formation (Pal er al, 2018). The nutritional balance provided by this plant may optimise the physiological
processes related to haematopoiesis, improving the overall health of the fish.

With respect to erythrocyte indices (MCV, MCH and MCHC), these were also significantly influenced
by the TD powder, whereby our results were in agreement with those reported by Cardoso er al (2020) and
Kamble ez a/. (2024). The ability of TD to modulate the haematology of juvenile red tilapia fish may be linked
to several biochemical-physiological mechanisms. For instance, flavonoids and phenolic compounds (Li ez a/,
2016; Mansour eral, 2022) possess antioxidant properties that reduce oxidative damage in cell membranesand
erythrocyte organelles. Moreover, saponins (Tiwari et al, 2018; Ahmadifar er a/, 2021, Kamble et al, 2024)
could act as modulators, promoting better immune response and environmental conditions. TD-phytobiotic
scems to optimise the balance between cell volume and haemoglobin concentration, suggesting an
improvement in the functional efficiency of cells.

Our study shows that the inclusion of TD in fish diets modulates the endogenous antioxidant system of
the antioxidant enzymes SOD, CAT and GPX in blood. The increased activity of SOD, which is responsible
for the dismutation of the superoxide radical to hydrogen peroxide and oxygen (Arockiaraj er al, 2014),
suggests that TD contributes to mitigate the accumulation of reactive oxygen species (ROS) generated by
environmental or metabolic factors. This observation is consistent with previous research that associated the
consumption of diets rich in phenolic and flavonoid compounds with increased SOD activity in fish and other
organisms (Arockiaraj e al, 2014; Jatayu et al, 2018).

Likewise, the significant increase in the activity of CAT, a key enzyme for the breakdown of hydrogen
peroxide into water and oxygen (Ortiz-Ordoiez et al, 2011), supports the protective role of TD against
oxidative damage. Studies in aquatic models have shown that supplementation with antioxidant-rich plants
can stimulate the expression of genes related to CAT activity, promoting an effective reduction of oxidative
stress (Rajabiesterabadi er a/, 2020). This mechanism could be associated with the high levels of bioactive
compounds present in TD, such as sesquiterpene lactones and phenolic acids, which not only directly neutralise
ROS but also act as modulators of the antioxidant system (Chagas-Paula ez a/, 2011). GPX, moreover, showed
a significant increase in fish on diets that included TD, indicating an increased ability to neutralise lipid
peroxides and protect cell membranes from oxidative damage (Fadhlaoui and Couture, 2016). This result is
consistent with previous studies that indicate that plant extracts with antioxidant properties enhance GPX
activity by increasing the availability of reduced glutathione (GSH) in tissues (Cheng et a/, 2017; Rocha-Santos
eral,2018).
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It is worth noting that with the levels of TD inclusion used, no reduction in the activity of antioxidant
enzymes was found. Therefore, the presence of secondary metabolites, such as alkaloids and tannins that may
be present in TD (Olayinka ez a/, 2015, Okuna 2024) did not generate prooxidant effects or interfere with
antioxidant metabolic pathways. The inclusion of TD in the diet of juvenile tilapia was also found to be
associated with a significant decrease in transaminase enzymes (ALT and AST) and an increase in alkaline
phosphatase (ALP) levels in blood plasma. These findings highlight the hepatoprotective and metabolism-
modulating potential of this plant on liver health in fish. The decrease in transaminases (ALT, AST) in TD-
fed fish suggests hepatoprotective effects, potentially linked to antioxidant-mediated stabilization of
hepatocyte membranes. Transaminases, particularly ALT and AST are important markers of liver damage in
fish, as their levels tend to be elevated in the presence of oxidative stress, inflammation or necrosis of
hepatocytes (Farag et al, 2022; Méndez-Martinez er al,, 2023b).

Bioactive compounds present in TD, such as flavonoids, terpenes and phenolic compounds, have
recognised antioxidant properties that probably help to protect cell membranes (Li ez a/, 2016; Mansour et al,
2022) and prevent lipid peroxidation in hepatocytes (Zarina and Tan, 2013). Meanwhile, the increase in ALP
levels could reflect an improvement in liver and bone functions, as this enzyme plays a key role in detoxification,
energy metabolism and nutrient transport (Jiang ez a/, 2023). These results are agreement with previous studies
that have reported a stimulatory effect of plants rich in antioxidant and hepatoprotective compounds on ALP
activity in fish (Jiang eral, 2023). Thus, TD powder may have enhanced hepatocyte regeneration and generated
a more efficient metabolic environment in the liver. The combined effect of decreased transaminases and
increased ALP may be attributed to the dual role of TD in reducing liver damage caused by factors such as
oxidative stress and toxic compounds while optimising the metabolic functions of the liver. However, it is
important to consider that excessive doses of TD could lead to adverse effects due to the accumulation of
secondary metabolites.

Regarding liver histology, the results show a preserved architecture with well-defined hepatocytes and
an absence of significant alterations, such as necrosis or cellular infiltration, in treatments with optimal levels
of TD inclusion. This suggests that the antioxidant compounds present in this plant may protect the liver
against oxidative stress, which is a major cause of liver damage in intensively farmed fish (Tan et al, 2018;
Rajabiesterabadi er a/, 2020). However, in diets with higher inclusion levels, slight vacuolisation was observed
in hepatocytes, which could indicate a metabolic stress effect associated with the consumption of secondary
metabolites of TD, such as alkaloids or sesquiterpene lactones. This type of response has been reported in
previous studies and is considered a reversible reaction that depends on the dose and the liver’s ability to adapt
(Ortiz-Ordoiiez et al, 2011; Amri et al, 2022).

The increase in the size and number of hepatocytes observed in juvenile tilapia fed TD-enriched diets
may be related to the hepatotrophic capacity of this plant. Previous studies have shown that their chemical
composition, rich in flavonoids, tannins and phenolic compounds, can stimulate cell regeneration and improve
liver metabolic activity (Tan er al, 2018; Ortiz-Ordofiez er al, 2011). What is more, these bioactive molecules
could enhance protein synthesis and lipid metabolism, which are key processes in hepatocytes. This
phenomenon is in line with studies that have shown an increase in hepatocyte mitotic activity when
antioxidants or bioactive compounds are introduced in the diet (Sinchez-Nufio er al, 2024; Zhang er al, 2024).
Furthermore, the lack of severe pathological changes indicates that the inclusion of TD at controlled levels does
not compromise liver health but may promote a functional and metabolically efficient liver.

The results obtained in this study demonstrate that the inclusion of TD in the diet significantly increases
the RLP and survival against A. Aydrophilainduced infections. These findings could be due to the presence of
bioactive compounds present in TD, such as flavonoids, terpenoids and sesquiterpene lactones, which have
been reported to have antimicrobial and immunomodulatory properties (Chagas-Paula ez a/, 2011; Gutierrez
et al, 2015; Tagne et al, 2018). These compounds probably strengthen the innate immune barriers of fish,
such as the skin, mucosa and intestinal epithelium (Machuca er af, 2024), limiting the ability of A. Aydrophila
to invade and colonise host tissues. On the other hand, the elevated RLP observed in TD treatments could be
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attributed to the activation of specific immune mechanisms, including increased the phagocytic activity of
macrophages and defence cells. Previous studies have shown that antioxidant-rich plants can enhance the
production of proinflammatory cytokines and stimulate lymphocyte proliferation, which enhances the
adaptive immune response against pathogens (Tripathi et a/, 2018; Maheshwari et al, 2022).

Additionally, histopathological studies have shown that fish fed with plant-based diets rich in bioactive
compounds exhibit reduced tissue damage from A. Aydrophilainfection (El Asely er al, 2020; Moustafa et al,
2020). This aligns with evidence supporting the ability of medicinal plants to modulate inflammation and
accelerate tissue repair in aquatic organisms (Nafiqoh er a/, 2020). In this context, 7D appears to not only
enhance immune response but also provide protective effects against bacterial infections by mitigating
oxidative stress and preserving cellular integrity. However, excessive inclusion levels could have adverse effects
due to the accumulation of potentially toxic secondary metabolites (Chakraborty er a, 2014), highlighting the
importance of optimising dosage to maximise benefits while ensuring fish health.

The strong Pearson's correlation between haemoglobin, haematocrit, and erythrocytes suggests that TD
may enhance erythropoiesis, potentially due to its bioactive compounds that promote red blood cell synthesis.
This aligns with research indicating that plant-based diets improve haematological parameters by supplying
essential micronutrients such as iron and folate (Adeniyi er a/, 2024; Kamble er a/, 2024). Furthermore, its
antioxidant properties, reflected in the association between SOD, CAT, GPx, and hepatic enzymes, suggest a
role in oxidative stress regulation, which is crucial for maintaining liver function under metabolic challenges
(Jia er al, 2019; Hu er al, 2025). The link between survival rates and physiological biomarkers underscores the
role of metabolic stability in dietary adaptation, reinforcing the hypothesis that plant-derived antioxidants
contribute to stress resilience in aquaculture species (Chakraborty ez al, 2014; Ma et al, 2024).

The PCA further substantiates these findings by demonstrating that haematological parameters
predominantly contribute to PC1, reinforcing the role of TD in oxygen transport efficiency. Meanwhile, the
distinct separation of TS suggests a unique metabolic adaptation, likely driven by phytochemicals influencing
liver metabolism and erythropoiesis pathways. Previous studies indicate that dietary polyphenols can modulate
hepatic function and redox homeostasis, which may explain the clustering of antioxidant enzymes within PC2
(Cheng et al, 2017; Jia et al, 2019). While these results support the use of TD as a functional feed ingredient,
further research is necessary to evaluate dose-dependent responses, long-term metabolic adaptations, and
potential interactions with other dietary components (Chagas-Paula ez a/, 2011). From a practical perspective,
incorporating 7D as an immunostimulant in aquaculture could reduce antibiotic dependency, thereby
minimising the risk of antimicrobial resistance and the environmental impact associated with indiscriminate
drug use.

Conclusions

The inclusion of TD in the diet of juvenile tilapia had a positive impact on various physiological and
health parameters when up to 160 g kg was included in the diet. An increase in haematological values was
observed, indicating an improvement in the fish’s oxygen-carrying capacity and general condition. In addition,
anincrease in antioxidant enzyme activity, together with a decrease in transaminases, showed protection against
oxidative stress and the maintenance of liver function. Histological analyses confirmed a preserved liver
structure, without significant damage, and an increased resistance against A. Aydrophila-induced infections,
highlighting the modulatory and protective potential of the phytochemicals present in TD. Our findings
support the integration of TD as a natural phytobiotic in aquafeeds, potentially reducing reliance on antibiotics
and enhancing sustainable aquaculture practices. Further research is needed to optimize dosage and evaluate
long-term effects

14



Méndez-Martinez Y et al (2025). Not Bot Horti Agrobo 53(2):14399

Authors’ Contributions

Conceptualization: Y.M-M.; Data curation: P.D.M-C, M.A.C-E, and M.EM-S;
Formal analysis: Y.M-M.; Investigation: P.D.M-C., M.A.C-E., and M.E.M-S.; Methodology and Writing —
original draft: Y.M-M.; Writing - review & editing: J.P.O-I, V.C.S-M., and A.N.M-V.; All authors read and

approved the final manuscript.

Ethical approval (for researches involving animals or humans)

This study was carried out without sacrificing organisms unnecessarily to reduce and perfect the use of
animals used for scientific purposes. The proposed methods, use of animals and research practice (approval
number: 091823) were examined and approved by the Scientific Ethics Committee at Universidad Técnica
Estatal de Quevedo.

Acknowledgements

We are grateful for the technical assistance of CENAIM, L. Ramos, W. Hidalgo, E. Garcia. Thanks to
H. Pugh for proofreading the English version. This work was supported by the to projects FOCYCYT-
7ma/PFOC7-48-2020 and FOCYCYT-9na/PFOC9-18-2023.

Conflict of Interests

The authors declare they have no known competing financial interests or personal relationships could
have appeared to influence the work reported in this paper.

References

Abdella B, Abozahra NA, Shokrak NM (2023). Whole spectrum of Aeromonas hydrophilavirulence determinants and
the identification of novel SNPs using comparative pathogenomics. Scientific Reports 13:7712.
heeps://doi.org/10.1038/541598-023-34887-1

Adeniyi OV, Alade AO, Tijani, GH (2024). Stimulatory effects of Phy/lanthus amarusextract on the growth performance,
hematobiochemical activity, antioxidative status and immune response of Clarias gariepinus. Aquaculture
Studies 24(5):1925. heep://doi.org/10.4194/AQUAST1925

Acbi H (1984). Catalase in vitro. Methods in Enzymology 105:121-126.

Ahmadifar E, Moghadam MS, Dawood MA, Hoseinifar SH (2019). Lactobacillus fermentum and/or ferulic acid
improved the immune responses, antioxidative defence and resistance against Aeromonas hydrophilain common
carp (Cyprinus  carpio) fingerlings. Fish & Shellfish Immunology ~ 94:916-923.
heps://doi.org/10.1016/.£i2019.10.019

Ahmadifar E, Pourmohammadi Fallah H, Yousefi M, Dawood MAO, Hoseinifar SH, ... Doan HV (2021). The gene
regulatory roles of herbal extracts on the growth, immune system, and reproduction of fish. Animals 11(8):2167.
https://doi.org/10.3390/anil 1082167

Ahmadifar E, Yousefi M, Karimi M, Fadaei Raieni R, Dadar M, Yilmaz S, ... Abdel-Latif HM (2021). Benefits of dietary
polyphenols and polyphenol-rich additives to aquatic animal health: an overview. Reviews in Fisheries Science &
Aquaculture 29(4):478-511. https://doi.org/10.1080/23308249.2020.1818689

Akeumbiwo TC, Kojom Foko LP, Ndo C, Essangui Same E, Cheteug Nguetsa G, Eya’Ane Meva F, ... Eboumbou
Moukoko CE (2023). Chemical composition and repellent activity of essential oils of 7ithonia diversifolia
(Asteraceac) leaves against the bites of Anopheles coluzzii. Scientific Reports  13:6001.
hetps://doi.org/10.1038/541598-023-31791-6

15



Méndez-Martinez Y er al. (2025). Not Bot Horti Agrobo 53(2):14399

Amri A, Bouraoui Z, Balbuena-Pecino S, Capilla E, Gharred T, Haouas Z, ... Jebali J (2022). Dietary supplementation
with Aloe vera induces hepatic steatosis and oxidative stress together with a disruption of cellular signaling
pathways and lipid metabolism related genes' expression in gilthead sea bream (Sparus
aurata). Aquaculture 559:738433. hetps://doi.org/10.1016/).aquaculture.2022.738433

Andueza F, Gonzilez M, Ibaza DD, Vésquez P, Viteri F, Villacis L, ... Alviarez E (2022). Diversidad y perfiles de resistencia
alos antibidticos en especies de Aeromonas aisladas de ecosistema acuético del Ecuador / Diversity and profiles of
resistance to antibiotics in species of acromonas isolated from the aquatic ecosystem of Ecuador. Anales de la Real
Academia Nacional de Farmacia 88(4):713-720. Atcp://dx.doi.org/10.53519/analesranft2022.88.04.02

AOAC (2005). Official methods of analysis of AOAC International (18 ed). AOAC International. Retrieved 2023 June
22 from hteps://t.ly/3NZDV

Arockiaraj J, Palanisamy R, Bhatt P, Kumaresan V, Gnanam AJ, Pasupuleti M, Kasi M (2014). A novel murrel Channa
striatus mitochondrial manganese superoxide dismutase: gene silencing, SOD activity, superoxide anion
production and expression. Fish Physiology and Biochemistry 40:1937-1955. hztps://doi.org/10.1007/510695-
014-9981-0

Aye PA (2016). Comparative nutritive value of Moringa oleifera, Tithonia diversifolia and Gmelina arborea leaf
meals. American Journal of Food and Nutrition 6(1):23-32. Attps://doi.org/10.5251/ajfn.2016.6.1.23.32

Bergmeyer HU, Bowers GN, Horder M, Moss DW (1976). Provisional recommendations on IFCC methods for the
measurement of catalytic concentrations of enzymes. Part 2. IFCC method for aspartate aminotransferase. Clinica
Chimica Acta 70:F19-F42. Attps://doi.org/10.1016/0009-8981(76)90437-X

Blaxhall PC, Daisley KW (1973). Routine haematological methods for use with fish blood. Journal of Fish Biology
5(6):771-781. heeps://doi.org/10.1111/).1095-8649.1973.tb04510.x

Botello-Leén A, Martinez-Aguilar Y, Viana M T, Ortega-Ojeda M, Mordn-Montano C, Pérez-Corria K, ... Veldzquez-
Marti B (2022). Effect of palm kernel cake in the nutrition for tilapia fry ( Oreochromis niloticus). Journal MVZ
Cordoba 27(2):1-10. Attps://doi.org/10.21897/rmvz.2527

Buragohain R, Rajkhowa TK (2019). Growth, nutrient utilization and economics of broiler fed Zithonia diversifolia
Flower Meal (TDFM) as substitute of conventional feed-stuffs in Mizoram, India. Indian Journal of Animal
Research 53(3):349-354. heeps://doi.org/10.18805/ijar. B-3500

Cardoso I, Soares M, Angelis C, Ferri G, Ishikawa M, Jonsson C, ... Sampaio F (2020). Physiological and biochemical
responses of Nile tilapia (Oreochromis niloticus) to acute trichlorfon exposure. International Aquatic
Research 12(4):243-253. https://doi.org/10.22034/IAR.2020.1904943.107 1

Chagas-Paula DA, de Oliveira RB, da Silva VC, Gobbo-Neto L, Gasparoto TH, Campanelli AP, ... Da Costa FB (2011).
Chlorogenic acids from 7ithonia diversifoliademonstrate better anti-inflammatory effect than indomethacin and
its sesquiterpene lactones. Journal of Ethnopharmacology 136(2):355-362.
heeps://doi.org/10.1016/) jep.2011.04.067

Chakraborty SB, Horn P, Hancz C (2014). Application of phytochemicals as growth-promoters and endocrine
modulators in fish culture. Reviews in Aquaculture 6(1):1-19. Aeeps://doi.org/10.1111/raq. 12021

Chao J, Chen TY, Pao LH, Deng JS, Cheng YC, Su SY, Huang SS (2022). Ethnobotanical survey on bitter tea in
Taiwan. Frontiers in Pharmacology 13:816029. Attps://doi.org/10.3389/fphar.2022.816029

Cheng SB, Liu HT, Chen SY, Lin PT, Lai CY, Huang YC (2017). Changes of oxidative stress, glutathione, and its
dependent antioxidant enzyme activities in patients with hepatocellular carcinoma before and after tumor
resection. PloS One 12(1):¢0170016. Aeeps://doi.org/10.1371/journal.pone.0170016

Dagoudo M, Qiang J, Bao JW, Tao YF, Zhu HJ, Tumukunde EM, ... Xu P (2021). Effects of acute hypoxia stress on
hemato-biochemical parameters, oxidative resistance ability, and immune responses of hybrid yellow catfish
(Peltcobagrus  fulvidraco  x  P.  vachelli) juveniles. Aquaculture International 29:2181-2196.
https://doi.org/10.1007/s10499-021-00742-1

El Asely A, Amin A, Abd El-Naby AS, Samir F, El-Ashram A, Dawood MA (2020). Ziziphus mauritianasupplementation
of Nile tilapia (Oreochromis niloticus) diet for improvement of immune response to Aeromonas hydrophila
infection. Fish Physiology and Biochemistry 46:1561-1575. Aetps://doi.org/10.1007/510695-020-00812-w

Elgendy MY, Ali SE, Dayem AA, Khalil RH, Moustafa MM, Abdelsalam M (2024). Alternative therapies recently applied
in controlling farmed fish diseases: mechanisms, challenges, and prospects. Aquaculture International 32:9017-
9038. hAttps://doi.org/10.1007/510499-024-01603-3

16



Méndez-Martinez Y er al. (2025). Not Bot Horti Agrobo 53(2):14399

Fadhlaoui M, Couture P (2016). Combined effects of temperature and metal exposure on the fatty acid composition of
cell membranes, antioxidant enzyme activities and lipid peroxidation in yellow perch (Perca flavescens). Aquatic
Toxicology 180:45-55. Attp://dx.doi.org/doi:10.1016/].aquarox.2016.09.005

Farag MR, Alagawany M, Khalil SR, Abd El-Aziz RM, Zaglool AW, Moselhy AA, Abou-Zeid SM (2022). Effect of parsley
essential oil on digestive enzymes, intestinal morphometry, blood chemistry and stress-related genes in liver of Nile
tilapia fish exposed to Bifenthrin. Aquaculture 546:737322. hetps://doi.org/10.1016/].aquaculture.2021.737322

Gonzilez-Castillo JC, Hahn von-Hessberg CM, Narvdez-Solarte W (2014). Caracteristicas botanicas de 7ithonia
diversifolia (Asterales: Asteraceae) y su uso en la alimentacién animal. Boletin Cientifico Museo de Historia
Natural 18(2):45-58.

Gutierrez RM, Ballada K, Patacsil M (2015). The antibacterial property of 7ithonia diversifolia (wild sunflower) extract
from Baguio-Benguet areas in the Philippines, in response to exposure to vehicular traffic. Asian Journal of
Microbiology, Biotechnology and Environmental Sciences 17(1):43-52.

Hahn-von-Hessberg CM, Grajales-Quintero A, Narvdez-Solarte W (2016). Coeficiente de digestibilidad aparente de
plantas forrajeras comunes en zona andina para alimentacién de tilapia nilética (Oreochromis niloticus).
[Apparent digestibility coefficient of common forage plants in the Andean zone for feeding Nilotic tilapia
(Oreochromis  niloticus)]. Informacién Tecnoldgica 27(4):63-72.  http://dx.doi.org/10.4067/50718-
07642016000400007

Hemamalini N, Shanmugam SA, Kathirvelpandian A, Deepak A, Kaliyamurthi V, Suresh E (2022). A critical review on
the antimicrobial resistance, antibiotic residue and metagenomics-assisted antimicrobial resistance gene detection
in freshwater aquaculture environment. Aquaculture Research 53(2):344-366.
heeps://doi.org/10.1111/are. 15601

Hu X, Ma W, Zhang D, Tian Z, Yang Y, Huang Y, Hong Y (2025). Application of natural antioxidants as feed additives
in aquaculture: A review. Biology 14(1):87. Attps://doi.org/10.3390/biology 14010087

Islam SI, Ahammad F, Mohammed H (2024). Cutting-edge technologies for detecting and controlling fish discases:
Current  status, outlook, and challenges. Journal of the World Aquaculture Society 55(2):¢13051.
heeps://doi.org/10.1111/jwas. 13051

Jatayu D, Nursyam H, Hertika AMS (2018). Antioxidant effect of centella asiatica ethanolic extract to superoxide
dismutase (SOD) level on Cyprinus carpio liver. Research Journal of Life Science 5(3):163-172.
hitps://doi.org/10.21776/ub.1jls. 2018.005.03.4

JiaR,LiY, Cao L, DuJ, Zheng T, Qian H, ... Yin G (2019). Antioxidative, anti-inflammatory and hepatoprotective effects
of resveratrol on oxidative stress-induced liver damage in tilapia (Oreochromis niloticus). Comparative
Biochemistry and Physiology Part C: Toxicology & Pharmacology 215:56-66.
heeps://doi.org/10.1016/).cbpc.2018.10.002

Jiang L, Huang B, Tang J, Jiang P, Chen D, Zhang C (2023). Comprehensive analysis of physiological, biochemical and
flavor characteristics changes in crucian carp (Carassius auratus) under different concentrations of
eugenol. Foods 12(15):2820. Attps://doi.org/10.3390/foods 12152820

Jiang M, Zhao S, Yang S, Lin X, He X, Wei X, ... Zhang Z (2020). An “essential herbal medicine”—Licorice: A review of
phytochemicals and its effects in combination preparations. Journal of Ethnopharmacology 249:112439.
heeps://doi.org/10.1016/] jep.2019.112439

Kamble MT, Gallardo W, Salin KR, Pumpuang S, Chavan BR, Bhujel RC, ... Pirarat N (2024). Effect of Moringa
oleiferaleaf extract on the growth performance, hematology, innate immunity, and disease resistance of Nile tilapia
(Oreochromis  niloticus)  against  Streprococcus — agalactiae biotype 2. Animals  14:953.
https://doi.org/10.3390/ani14060953

Karaket T, Larnjun J, Suksumpan P, Ponza P, Areechon N, Seel-audom M (2025). Effect of traditional fish bio-extracts
feeding regimen on growth, feed utilization, and disease resistance of red tilapia (Oreochromis niloticus x O.
mossambicus) against Streprococcus agalactiae. Aquaculture Studies 25(2):2201.
heep://doi.org/10.4194/AQUAST2201

Kriticos JM, Kriticos DJ (2021). Pretty (and) invasive: The potential global distribution of Zithonia diversifolia under
current  and  future  climates. Invasive = Plant  Science  and =~ Management 14(4):205-213.
heps://doi.org/10.1017/inp.2021.29

LiH, Zhou X, Gao P, Li Q, Li H, Huang R, Wu M (2016). Inhibition of lipid oxidation in foods and feeds and hydroxyl
radical-treated fish erythrocytes: A comparative study of Ginkgo biloba leaves extracts and synthetic
antioxidants. Animal Nutrition 2(3):234-241. Attp://dx.doi.org/10.1016/).aninu.2016.04.007

17



Méndez-Martinez Y er al. (2025). Not Bot Horti Agrobo 53(2):14399

Ma YB, Zhou XQ, Jiang WD, Wu P, Liu Y, Li SW, ... Feng L (2024). Tea polyphenols protect against Flavobacterium
columnare-induced gill injury via suppression of oxidative stress, inflammation, and apoptosis in grass carp.
International Journal of Biological Macromolecules 254:127050.
heeps://doi.org/10.1016/j.jjbiomac.2023.127050

Mabou TA, Marino F, Cosentino M (2018). Tithonia diversifolia(Hemsl.) A. Gray as a medicinal plant: a comprehensive
review of its ethnopharmacology, phytochemistry, pharmacotoxicology and clinical relevance. Journal of
Ethnopharmacology 220:94-116. Attps://doi.org/10.1016/).jep.2018.03.025

Machuca C, Angulo M, Monreal-Escalante E, Méndez-Martinez Y, Magallén-Servin P, Vdzquez-Judrez R, ... Angulo C
(2024). Effect of diets containing probiotic yeast Cystobasidium benthicumand fruit Cyrtocarpa edulison growth
and immune parameters of Nile tilapia (Oreochromis niloticus). Microbial Pathogenesis 194:106817.
heeps://doi.org/10.1016/).micpath.2024.106817

Maher T, Ahmad Raus R, Daddiouaissa D, Ahmad F, Adzhar NS, Latif ES, ... Mohammed A (2021). Medicinal plants
with anti-leukemic effects: A review. Molecules 26(9):2741. Aztps://doi.org/10.3390/molecules26092741

Maheshwari S, Kumar V, Bhadauria G, Mishra A (2022). Inmunomodulatory potential of phytochemicals and other
bioactive compounds of fruits: A review. Food Frontiers 3(2):221-238. Attps://doi.org/10.1002/H:2.129

Mansour AT, Mahboub HH, Amen RM, El-Beltagy MA, Ramah A, Abdelfattah AM, ... Hamed HS (2022). Ameliorative
effect of quercetin against abamectin-induced hemato-biochemical alterations and hepatorenal oxidative damage
in Nile tilapia, Oreochromis niloticus. Animals 12(23):3429. Attps://doi.org/10.3390/anil12233429

McCord JM, Fridovich I (1969). Superoxide dismutase: an enzymic function for erythrocuprein (hemocuprein). Journal
of Biological Chemistry 244:6049-6055. Attps://doi.org/10.1016/50021-9258(18)63504-5

Méndez-Martinez Y, Narvaez-Narvaez RI, Angulo C, Cortes-Jacinto E, Botello-Leon A, Verdecia-Acosta DM, Torres-
Navarrete YG (2023a). Chemical composition of Tithonia diversifolia (Hemsl.) and its effect on growth
performance, feed efficiency and metabolic biochemistry of juvenile hybrid tilapia Oreochromis mossambicusx
Oreochromis  niloticus. Notulae Botanicae Horti Agrobotanici Cluj-Napoca 51(3):13337-13337.
heeps://doi.org/10.15835/nbha51313337

Méndez-Martinez Y, Pacheco-Morales GK, Del Barco-Ibarra KA, Torres-Navarrete YG, Herndndez-Vergara MP (2021).
Biochemical and immune response in red tilapia ( Oreochromis mossambicus x O. niloticus) with dietary chitosan
supplementation. Revista de la  Facultad de  Agronomfa  (LUZ) 38(4):1016-1034.
heeps://doi.org/10.47280/RevFacAgron(LUZ).v38.n4.15

Méndez-Martinez Y, Vera-Veliz AR, Cortés-Jacinto E, Cruz-Quintana Y, Botello-Leon A, Mendoza-Carranza PD, Calvo
NS (2023b). Growth performance, feed utilisation, digestive and metabolic enzyme activity, and liver
morphohistology in hybrid tilapia ( Oreochromis mossambicus x Oreochromis niloticus) Juveniles fed with the
inclusion of chitosan in their diet. Fishes 8(11):546. Attps://doi.org/10.3390/ tishes8110546

Mkulo EM, Wang B, Amoah K, Huang Y, Jia C, Jin X, Wang Z (2024). The current status and development forecasts of
vaccines for aquaculture and its effects on bacterial and viral diseases. Microbial Pathogenesis 196:106971.
heeps://doi.org/10.1016/).micpath.2024.106971

Moustafa EM, Dawood MA, Assar DH, Omar AA, Elbialy ZI, Farrag FA, ... Zayed MM (2020). Modulatory effects of
fenugreck seeds powder on the histopathology, oxidative status, and immune related gene expression in Nile tilapia
(Oreochromis niloticus) infected with Aeromonas hydrophila. Aquaculture 515:734589.
https://doi.org/10.1016/].aquaculture.2019.734589

Nafiqoh N, Sukenda S, Zairin M, Muhammad ZJ, Alimuddin A, Lusiastuti AM, ... Avarre JC (2020). Antimicrobial
properties against Aeromonass Aydrophilaand immunostimulant effect on Clarias gariepinus of Piper
betle, Psidium ~ guajava,  and Tithonia  diversifoliaplants. Aquaculture  International — 28:1-13.
heps://doi.org/10.1007/s10499-019-00439-6

Nugroho RA, Manurung H, Saraswati D, Ladyescha D, Nur FM (2016). The effects of Terminalia catappa L. leaves
extract on the water quality properties, survival and blood profile of ornamental fish (Berra sp)
cultured. Biosaintifika: Journal of Biology & Biology Education 8(2):240-247.
heeps://doi.org/10.15294/biosaintifika.v8i2.6519

Ofek T, Izhaki I, Halpern M. (2023). Aeromonas hydrophila infection in tilapia triggers changes in the microbiota
composition of fish internal organs. FEMS Microbiology Ecology 99(12):fiad137.
heeps://doi.org/10.1093/femsec/fiad137

18



Méndez-Martinez Y er al. (2025). Not Bot Horti Agrobo 53(2):14399

Okuna DA, Nyamwange CI, Nyandicka H (2024). Qualitative phytochemical screening of 7ithonia diversifolia: A Gray
aqueous root extract. Kabarak Journal of Research & Innovation 14(2):230-241.
heeps://doi.org/10.58216/kjri.v14i02.398

Olayinka BU, Raiyemo DA, Etejere EO (2015). Phytochemical and proximate composition of Tithonia diversifolia
(Hemsl.) A. Gray. Annals: Food Science & Technology 16(1):195-200. Actps://doi.org/10.21467/ias.8.1.54-61

Ortiz-Ordoniez E, Urfa-Galicia E, Ruiz-Picos RA, Sanchez Duran AG, Herndndez Trejo Y, Sedefio-Diaz JE, Lopez-Lopez
E (2011). Effect of yerbimat herbicide on lipid peroxidation, catalase activity, and histological damage in gills and
liver of the freshwater fish Goodea atripinnis. Archives of Environmental Contamination and Toxicology 61:443-
452. heeps://doi.org/10.1007/500244-011-9648-0

PalJ, Shukla BN, Maurya AK, Verma HO, Pandey G, Amitha A (2018). A review on role of fish in human nutrition with
special emphasis to essential fatty acid. International Journal of Fisheries and Aquatic Studies 6(2):427-430.

Pham DC, Shibu MA, Mahalakshmi B, Velmurugan BK (2020). Effects of phytochemicals on cellular signaling: reviewing
their recent usage approaches. Critical Reviews in Food Science and Nutrition 60(20):3522-3546.
https://doi.org/10.1080/10408398.2019.1699014

Plagia D, Valentine W (1967). Studies on the quantitative and qualitative characterization of erythrocyte glutathione
peroxidase. Journal of Laboratory and Clinical Medicine 70:158-168.

Rajabiesterabadi H, Ghelichi A, Jorjani S, Hoseini SM, Akrami R. (2020). Dietary olive (Olea curopacea) leaf extract
suppresses oxidative stress and modulates intestinal expression of antioxidant-and tight junction-related genes in
common carp (Cyprinus carpio). Aquaculture 520:734676. https://doi.org/10.1016/].aquaculture.2019.734676

Rajéevi¢ N, Bukvitki D, Dodo§ T, Marin PD (2022). Interactions between natural products - A
review. Metabolites 12(12):1256. Aetps://doi.org/10.3390/metabol2121256

Ramanathan G, Ramalakshmi P, Gopperundevi B, Suresh JI (2015). Production characterization and aqua feed
supplementation of astaxanthin from Halobacterium salinarium. International Journal of Current Microbiology
and Applied Sciences 4(3):56-63.

Rana A, Samtiya M, Dhewa T, Mishra V, Aluko RE (2022). Health benefits of polyphenols: A concise review. Journal of
Food Biochemistry 46(10):e14264. Attps://doi.org/10.1111/jtbc. 14264

Robinson TN, Justine D, Maxime P, Alexis S, Sidrine KI, Hugues R, ... Patrick M (2024). Biological activities and
phytochemical constituents in the stimulatory potential of Tithonia diversifolia fermented extracts: A
Review. European Journal of Medicinal Plants 35(6):340-352. Actps://doi.org/10.9734/cimp/2024/v35i61230

Rocha-Santos C, Bastos FF, Dantas RF, Hauser-Davis RA, Rodrigues LC, Bastos VC, Bastos JC (2018). Glutathione
peroxidase and glutathione S-transferase in blood and liver from a hypoxia-tolerant fish under oxygen deprivation.
Ecotoxicology and Environmental Safety 163:604-611. Attps://doi.org/10.1016/).ecoenv.2018.06.089

Ruangroupan L, Kitao T, Yoshida T (1986). Protective efficacy of Aeromonas hydrophila vaccines in Nile tilapia.
Veterinary Immunology and Immunopathology — 12(1-4):345-350.  Attps://doi.org/10.1016/0165-
2427(86)90139-X

Rudrapal M, Rakshit G, Singh RP, Garse S, Khan ], Chakraborty S (2024). Dietary polyphenols: Review on
chemistry/sources,  bioavailability/metabolism,  antioxidant effects, and their role in disease
management. Antioxidants 13(4):429. Aetps://doi.org/10.3390/antiox13040429

Sanchez-Nuno YA, Zermefio-Ruiz M, Vizquez-Paulino OD, Nuno K, Villarruel-Lépez A (2024). Bioactive compounds
from pigmented corn (Zea mays L.) and their effect on  health. Biomolecules 14(3):338.
heeps://doi.org/10.3390/biom 14030338

Sogbesan OA, Ahmed YM (2018). Haematological response of Clarias gariepinus fed Ocimum gratissimum additive
diets. Nutrition 13(8):572-581.

Tagne AM, Marino F, Cosentino M (2018). Zithonia diversifolia(Hemsl.) A. Gray as a medicinal plant: A comprehensive
review of its ethnopharmacology, phytochemistry, pharmacotoxicology and clinical relevance. Journal of
Ethnopharmacology 220:94-116. hteps://doi.org/10.1016/],jep.2018.03.025

Tan X, Sun Z, Liu Q, Ye H, Zou C, Ye C, ... Lin H (2018). Effects of dictary ginkgo biloba leaf extract on growth
performance, plasma biochemical parameters, fish composition, immune responses, liver histology, and immune

and apoptosis-related genes expression of hybrid grouper (Epinephelus lanceolatuso’x  Epinephelus

fuscogurtatus®)  fed  high  lipid  diets.  Fish &  Shellfish  Immunology  72:399-409.
heeps://doi.org/10.1016/).£5i.2017.10.022

19



Méndez-Martinez Y er al. (2025). Not Bot Horti Agrobo 53(2):14399

Tiwari R, Latheef SK, Ahmed I, Igbal HM, Bule MH, Dhama K, ... Farag MR (2018). Herbal immunomodulators-a
remedial panacea for designing and developing effective drugs and medicines: current scenario and future
prospects. Current Drug Metabolism 19(3):264-301. Attps://doi.org/10.2174/1389200219666180129125436

Tripathi Y, Saini N, Anjum N, Verma P (2018). A review of ethnomedicinal, phytochemical, pharmacological and
toxicological aspects of Eupatorium adenophorum spreng. Asian Journal of Biomedical and Pharmaceutical
Sciences 8(66):25-35.

Vargas Veldzquez VT, Pérez Herndndez P, Lépez Ortiz S, Castillo Gallegos E, Cruz Lazo C, Jarillo Rodriguez J (2022).
Production and nutritional quality of Zithonia diversifolia(Hemsl.) A. grey in three seasons of the year and its
effect on the preference by Pelibuey sheep. Revista Mexicana de Ciencias Pecuarias 13(1):240-257.
hetps://doi.org/10.22319/rmcp.v13i1.5906

Villarreal-Rivas S, Moreno MV, Fermin LR, de Rojas YC, Rodriguez M, Trujillo DJC (2022). Composicién quimica y
evaluacién de la actividad antibacteriana del aceite esencial de 7ithonia diversifolia(Hemsl.) A. Gray (Asteraceae)
recolectada en el estado Mérida—Venezuela [Chemical composition and evaluation of the antibacterial activity of
the essential oil of Zithonia diversifolia(Hemsl.) A. Gray (Asteraceae) collected in the state of Mérida-Venezuela].
Acta Bioclinica 12(23):7-27. heep://www.doi.org/10.53766/AcBio/2022.12.23.02

Yang C, Song G, Lim W (2020). A review of the toxicity in fish exposed to antibiotics. Comparative Biochemistry and
Physiology Part C: Toxicology & Pharmacology 237:108840. Aztps://doi.org/10.1016/).cbpc.2020.108840

Zarina Z, Tan SY (2013). Determination of flavonoids in Citrus grandis (pomelo) peels and their inhibition activity on
lipid peroxidation in fish tissue. International Food Research Journal 20(1):313-317.

ZhangY, Liu T, ChengJ (2024). Functional foods and bioactive compounds in the prevention and management of drug-
induced liver injury. Frontiers in Nutrition 11:1499697. Attps://doi.org/10.3389/fnut.2024.1499697

The journal offers free, immediate, and unrestricted access to peer-reviewed research and scholarly work. Users are
OPEN ACCESS allowed to read, download, copy, distribute, print, search, or link to the full texts of the articles, or use them for any

other lawful purpose, without asking prior permission from the publisher or the author.
License - Articles published in Notulae Botanicae Horti Agrobotanici Cluj-Napoca are Open-Access,

@ @ distributed under the terms and conditions of the Creative Commons Attribution (CC BY 4.0) License.
BY © Articles by the authors; Licensee UASVM and SHST, Cluj-Napoca, Romania. The journal allows the author(s) to

hold the copyright/to retain publishing rights without restriction.

Notes:

»  Material disclaimer: The authors are fully responsible for their work and they hold sole responsibility for the articles published
in the journal.

»  Maps and affiliations: The publisher stay neutral with regard to jurisdictional claims in published maps and institutional
affiliations.

> Responsibilities: The editors, editorial board and publisher do not assume any responsibility for the article’s contents and for
the authors’ views expressed in their contributions. The statements and opinions published represent the views of the authors
or persons to whom they are credited. Publication of research information does not constitute a recommendation or
endorsement of products involved.

20



