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ABSTRACT. Herbaceous plants have attracted increasing attention in the aquaculture industry for their
beneficial effects on the growth, health, and physiology of several fish species. Matali ( Tradescantia zebrina) is
a medicinal herb widely distributed in southeastern Mexico and recognized for its diverse pharmacological
properties. This study aimed to evaluate the effects of 7. zebrina on growth performance, cytotoxicity, and
digestive morphology in the two-band cichlid (Vieja bifasciata), a native species with aquaculture potential.
Cytotoxicity of the aqueous extract of 7. zebrina was assessed using Artemia nauplii exposed for 24 h to serial
dilutions ranging from 100 to 0.78 mg mL™'. Subsequently, diets supplemented with 0% (T1), 5% (T2), 10%
(T3), and 15% (T4) T. zebrina were evaluated for their effects on growth performance and digestive morphology
in V. bifasciata over a 45-day feeding trial. The results demonstrated that the aqueous extract of T. zebrina was
non-toxic, suggesting that its inclusion in fish diets is safe. The highest weight gain was recorded in T2 (2.28 +
0.43 g), whereas the greatest total length was observed in T3 (5.07 + 0.04 c¢cm). Survival was highest in T4
(100%). Based on weight gain, specific growth rate, and feed conversion ratio, T2 was identified as the most
effective treatment for promoting growth (P < 0.05). In addition, dietary supplementation with 7. zebrina
produced modifications in digestive morphology. Overall, the inclusion of 5-10% T. zebrina in the diet can serve
as a feed supplement without adversely affecting V. bifasciata growth. Further studies involving gene expression,
immunological responses, and enzymatic activity are recommended to validate additional potential benefits of
T. zebrina in aquaculture.
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INTRODUCTION ized by a white color, a firm texture, low bone content,

and a pleasant flavor (Davila-Camacho et al. 2018).

The two-band cichlid, Vieja bifasciata, is a native fish Despite its desirable organoleptic characteristics and
species from southeastern Mexico that inhabits rivers, promising aquaculture potential, its consumption and
lakes, lagoons, and marshlands. This species adapts commercialization remain largely limited to local
well to captivity and readily accepts commercial tilapia markets (Sanchez-Cruz et al. 2024). In Mexico,
diets (Jiménez-Leyva et al. 2024). Its meat is character- aquaculture development has focused mainly on intro-
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duced species such as tilapia (Oreochromis sp.),
rainbow trout (Oncorhynchus mykiss), channel catfish
(Ictalurus punctatus), and common carp (Cyprinus
carpio) (Frias-Quintana et al. 2021). One of the main
factors contributing to the successful establishment of
these species has been the availability of species-
specific balanced feeds, which have improved
nutritional management and enhanced production
efficiency (Barraza-Guardado et al. 2019). However,
the rising cost of fishmeal has significantly increased
feed formulation expenses (Rana et al. 2024).
Consequently, considerable research efforts have
focused on identifying alternative ingredients that can
partially or fully replace fishmeal in aquafeeds, to
reduce production costs while maintaining fish
performance (Gonzalez et al. 2014).

Among the most promising alternatives for
aquafeed development is the use of plant-based
ingredients, as several plant species provide not only
appreciable amounts of protein but also a wide variety
of secondary metabolites, including alkaloids, terpenes,
phenolic compounds, flavonoids, and tannins (Salam et
al. 2023). These bioactive compounds are distributed
across various plant structures, including leaves, roots,
stems, seeds, and peels (Rana et al. 2024), and have
been associated with beneficial effects on fish growth,
health, and physiological performance (Hassan et al.
2018). Several studies have evaluated the effects of
plant-derived ingredients on fish growth performance.
For instance, Mahdavi et al. (2013) evaluated the
inclusion of Aloe vera extract in diets for C. carpio and
reported that a 2.5% inclusion level produced the best
growth response. Similarly, Giri et al. (2016)
incorporated banana peel (Musa acuminata) into diets
for rohu (Labeo rohita), observing significant
improvements in final weight and growth rate at a 5%
dietary inclusion level. Likewise, Bin Dohaish et al.
(2018) supplemented O. niloticus diets with Spirulina
platensis and found that a 5% inclusion level yielded
the best growth performance. More recently, Abidin et
al. (2022) evaluated the effects of Azadirachta indica
extract in diets for O. mykiss and determined that a 7%
supplementation level significantly improved growth
parameters.

Matali (Tradescantia zebrina) is a plant native to
Mexico and Central America, widely cultivated in
tropical and subtropical regions. Its green leaves with
violet stripes are traditionally consumed as a beverage
or used in cooked and macerated preparations. This
species has been associated with several medicinal
properties and is traditionally used to treat kidney
disorders, conjunctivitis, tuberculosis, hypertension,

cough, inflammation, hemorrhoids, burns, and skin
irritations (Ramos-Arcos et al. 2023). Phytochemical
analyses have demonstrated that the ethanolic extract of
T. zebrina contains phenolic compounds, whereas the
aqueous extract shows a high flavonoid content (Olivo-
Vidal et al. 2020). Therefore, the objective of this study
was to evaluate the effects of dietary supplementation
with T zebrina in commercial tilapia feed on the growth
performance and digestive morphology of the two-band
cichlid (V. bifasciata), and to assess the cytotoxicity of
the plant extract.

MATERIALS AND METHODS

Plant material

Leaves of T. zebrina were purchased from the Colonel
Gregorio Méndez Magana Public Market located in
Villahermosa. The leaves were thoroughly washed with
purified water to remove impurities and debris.
Subsequently, the plant material was dried in an electric
oven (Rios Rocha S.A. No. 303554, Mexico) at 50°C
for 48 h. After drying, the leaves were ground using an
electric coffee grinder (A0313 Electric Grinder, China)
to a particle size of 0.5-1 mm.

Cytotoxicity test

For the cytotoxicity assay, 0.1 g of Artemia salina cysts
were weighed and incubated in 200 mL of saline
solution (38 g L) to hatch. The cysts were maintained
under constant aeration for 24 h at 25-29°C. The
aqueous extract of matali was prepared by weighing
100 mg of dried plant material and placing it into a
capped microcentrifuge tube containing 1 mL of saline
solution. The mixture was allowed to stand for 48 h to
facilitate extraction. A 96-well microplate was prepared
using serial dilutions of the aqueous extract of T.
zebrina, with concentrations ranging from 100 to 0.78
mg mL!. Subsequently, 100 pL of saline solution
containing 10-15 Artemia nauplii was added to each
well. All treatments were evaluated in triplicate.
Tween®80 (Sigma P1754, St. Louis, MO, USA) was
used as the positive control, whereas saline solution
served as the negative control. The microplate was
incubated for 24 h, after which the numbers of live and
dead Artemia nauplii were counted in each well to
calculate the mortality percentage using the following
formula (Rangel-Lopez et al. 2022):

Mortality = Number of dead nauplii % 100
ortaiity = Initial number of nauplii

To determine the degree of cytotoxicity, the
classification criteria established by Hamidi et al.
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(2014) were applied. Extracts with lethal concentration
(LCso) values greater than 1.0 mg mL-!' were considered
non-toxic, values between 0.5 and 1.0 mg mL"' were
classified as having low toxicity, values between 0.1
and 0.5 mg mL"! were considered moderately toxic, and
values lower than 0.1 mg mL! were classified as highly
toxic.

Preparation of the experimental diets

Commercial tilapia feed (Agribrands, Purina®) in flour
form was used to prepare the experimental diets.
According to the manufacturer’s technical specifi-
cations, the feed contained 44% crude protein, 12%
lipids, 2.5% crude fiber, and 12% ash. Previously,
ground matali leaves and gelatin were weighed in the
proportions shown in Table 1. Subsequently, 50 mL of
water was added to each mixture to obtain a
homogeneous paste. The paste was then ground
manually to form pellets. Finally, the pellets were dried
in an electric oven (Rios Rocha S.A. No. 303554,
Mexico) at 50°C for 24 h.

Experimental design

The experiment was carried out at the Laboratorio de
Investigacion Acuicola Especializada, Division Aca-
démica de Ciencias Agropecuarias, de la Universidad
Juadrez Autonoma de Tabasco. Experimental fish were
obtained from the native species laboratory of the same
institution. A total of 120 V. bifasciata were used, with
an initial average weight of 1.2 + 0.64 g and an average
total length of 4.07 + 0.60 cm. Fish were randomly
distributed into 12 60 L tanks, with 10 fish per tank.
Each treatment was evaluated in triplicate. The
experimental setup consisted of a recirculating aquacul-
ture system comprising 12 interconnected tanks,
thereby allowing uniform environmental conditions
across treatments. In addition, 20% of the total system
water volume was renewed weekly to maintain water
quality.

Four experimental treatments were established
according to the inclusion level of T zebrina in the diet:
T1 (control), T2 (5%), T3 (10%), and T4 (20%). Each
treatment was evaluated in triplicate. The feeding trial
lasted 45 days. Individual biometric measurements
were conducted every 15 days. Fish weight and total
length were recorded using a digital balance with a
precision of 0.1 g (Ohaus Scout Pro SP601, USA) and
a 30 cm ichthyometer, respectively. Fish were fed ad
libitum three times daily at 8:00, 13:00, and 19:00 h
throughout the experimental period.

Growth parameters

Growth performance was evaluated using the biometric
data collected every 15 days throughout the experi-
mental period. The recorded weight and total length of
the fish were used to calculate growth parameters using
the formulas described by Gomez-Hernandez et al.
(2025).

Final fish number

. o) —
Survival (%) Initial fish number x 100

Weight gain (g) = Final weight — initial weight

In final weight — Ininitial weight
(In final weig] 111W1g)><100

ifi h =
Specific growth rate Days

. Feed intake
Feed conversionrate = ——————
Fish weight gain

Condition factor = Final weight % 100
ondition factor = (Final length)3

Histological analysis

Fish samples were fixed in Davidson’s solution and
subsequently dehydrated through a graded ethanol
series (70, 80, 90, 96, and 100%). The tissues were then
embedded in paraffin, sectioned at 7 um, and stained
with hematoxylin and eosin (H&E). Histological
images were captured using an Axiocam ERC 5S
camera (Carl Zeiss GmbH, Jena, Germany) coupled to
a Zeiss Primo Star optical microscope (Primo Star,
Suzhou, China). In liver sections, hepatocyte diameter
(um) was measured, whereas in intestinal sections,
enterocyte height and intestinal fold length were
quantified. All measurements were analyzed using
ZEN 2.3 software (Carl Zeiss AG). Each histological
parameter was measured 30 times per fish, with nine
fish evaluated per treatment (n = 9) (Sepulveda-Quiroz
et al. 2024). Before tissue collection, fish were
euthanized with clove oil at a concentration of 0.20 mL
in 500 mL of water, as described by Fernandes et al.
(2017).

Statistical analysis

The median LCso of the aqueous extract of 7. zebrina
was estimated using Probit analysis in SAS software
version 9.0 (SAS Institute, Cary, NC, USA). Before
statistical analysis, the production parameters were
evaluated for normality using the Kolmogorov-
Smirnov test and for homogeneity of variances using
Bartlett’s test. Subsequently, data were analyzed using
a one-way analysis of variance (ANOVA) with o =
0.05. When significant differences among treatments
were detected, Tukey’s multiple comparison test (P <
0.05)



474

Latin American Journal of Aquatic Research

Table 1. Composition of experimental diets with different concentrations of matali (T zedrina).

Ingredients T1: Control T2:5% T3:10% T4:20%
Tilapia commercial feed (g) 99 94 89 79
Matali (g) 0 5 10 20
Grenetine (g) 1 1 1 1
Total 100 100 100 100

was applied to identify differences between treatment
means. All statistical analyses were performed using
the Minitab® 18 statistical software package (Minitab,
LLC, USA).

RESULTS

Matali cytotoxicity

According to the cytotoxicity classification criteria
proposed by Hamidi et al. (2014), the aqueous extract
of T. zebrina, evaluated using the A. salina bioassay,
showed an LCsg value of 10.93 mg mL-! (Fig. 1). Based
on these criteria, extracts with LCso values greater than
1 mg mL! are considered to exhibit low or no toxicity.
Therefore, the aqueous extract of 7. zebrina can be
considered safe for dietary inclusion in the V.
bifasciata.

Growth parameters

The growth performance results obtained for V.
bifasciata showed no significant differences among
treatments (P > 0.05) in final weight, final length,
survival rate, or condition factor. However, treatment
T2 exhibited significantly better performance (P <
0.05) for the following growth parameters: weight gain
(1.16 + 0.29 g), specific growth rate (1.60 £ 0.36%),
and feed conversion ratio (0.78 = 0.001) (Table 2).

Histological effects

In the intestinal tissue, treatment T1 showed the
greatest enterocyte height (20.82 £+ 0.93 um), followed
by T3 (18.70 = 1.02 um) and T2 (18.12 £ 0.76 pum).
These values were significantly higher (P < 0.05) than
those observed in T4 (15.29 £ 0.90 um) (Table 3; Fig.
2). Regarding intestinal fold length, the highest value
was recorded in T2 (124.78 + 29.62 um), followed by
T1 (117.65 £25.67 um), T3 (112.89 £ 24.25 um), and
T4 (105.46 + 16.21 pum). However, no significant
differences were detected among treatments (P > 0.05)
(Figure 3). In liver tissue, the largest hepatocyte area
was observed in T4 (55.48 + 2.23 um?), which differed
significantly (P < 0.05) from T1 (51.98 + 2.06 um?).

Lower hepatocyte areas were recorded in T2 (43.42 +
2.46 pm?) and T3 (37.91 + 2.65 um?) (Fig. 4).

DISCUSSION

The expansion of aquaculture has increased demand for
balanced feeds, placing considerable pressure on the
availability of traditional raw materials used in feed
production and, consequently, increasing production
costs. In commercial aquaculture, feed expenses may
account for 50 to 70% of total operating costs (Méndez-
Martinez et al. 2018). In response to this challenge,
alternative feed ingredients have been explored,
including the incorporation of plant-derived additives
into aquaculture diets (Toledo-Solis et al. 2021). The
inclusion of medicinal and aromatic plants in fish diets
has been associated with improved growth performance
and enhanced immune function. For example,
supplementation with oregano (Origanum onites), sage
(Salvia officinalis), and thyme (Thymus vulgaris) has
been reported to enhance O. mykiss growth (Mirghaed
et al. 2020). In this context, 7. zebrina contains
secondary metabolites, including phenolic compounds
and flavonoids (Cardoso et al. 2022). These compounds
have been shown to reduce stress and enhance immune
responses when incorporated into fish diets (Lizarraga-
Velazquez et al. 2017).

In the present study, the cytotoxicity of the aqueous
extract of 7. zebrina was evaluated, yielding an LCs of
10.93 mg mL", which, according to the criteria
established by Hamidi et al. (2014), classifies the
extract as non-toxic. Similar findings were reported by
Rangel-Lopez et al. (2022), who observed that the
hydroalcoholic extract of Caesalpinia coriaria
exhibited no toxicity, with an LCso value of 1.56 mg
mL!. Likewise, Goémez-Hernandez et al. (2025)
reported that yerba mate (Ilex paraguariensis) showed
no toxic effects, with an LCso of 42.42 mg mL-!. These
results support the use of the A. salina bioassay as a
reliable method for preliminary evaluation of
cytotoxicity in plant extracts intended for aquaculture
applications. Furthermore, this assay provides evidence
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Figure 1. Cytotoxicity of the lethal concentration (LDso) of the aqueous extract of matali (T zedrina).

Table 2. Growth parameters of the two-band cichlid (V. bifasciata) fed with tilapia feed and supplemented with matali.
(T. zedrina). T1, T2, T3, T4: treatments. *>*Different letters in the rows indicate statistically significant differences (P <

0.05).

Parameters T1: Control T2 : 5% T3 :10% T4 : 20%
Initial weight (g) 1.23+0.03 1.11+£028  122+0.12  1.24+0.19
Final weight (g) 1.95+0.18%  228+0.43* 2.06+0.44* 1.66+0.16
Initial length (cm) 4.19 +0.69 403+046  4.08+0.68  3.98+0.57
Final length (cm) 487+0.100  5.02+027* 5.07+041* 4.56+0.15°
Survival (%) 97.5 + 4332 95.0+£433% 97.5+433%  100+0.0
Weight gain (g) 0.71+0.17%  1.16+0.29° 0.84+0.32®® 0.41+0.23"
Specific growthrate (%)  1.01 +0.20®®  1.60+0.36* 1.14+0.26® 0.65+0.36"
Feed conversion rate 0.87+0.0007¢ 0.78 +0.0012 0.83 +0.001° 1.00 + 0.0024
Condition factor 1.86+0.18% 1.67+0.01* 1.75+020* 1.95+0.20°

that incorporating such plant-derived ingredients into
fish diets is unlikely to cause adverse effects in cultured
organisms (Waghulde et al. 2019).

The growth performance of the V. bifasciata,
showed that the treatment containing 5% inclusion of 7'
zebrina (T2) produced the highest final weight (2.28 +
0.43 g). Similar results were reported by Méndez-
Martinez et al. (2019), who evaluated the inclusion of
duckweed (Azolla filiculoides) in tilapia fry diets and
observed that a 10% inclusion level resulted in the
highest final weight (6.556 g). In contrast, higher
inclusion levels did not produce additional
improvements. Regarding survival, the treatment
containing 20% T zebrina (T4) achieved 100%
survival. Comparable findings were reported by
Martinez et al. (2022), who observed 100% survival in
Nile tilapia (O. niloticus) fed diets supplemented with

8% Mexican oregano essential oil (Lippia graveolens)
and in the control group. In aquaculture studies,
survival rates above 90% generally indicate that the
dietary additive does not exert toxic effects on fish,
supporting its safety for inclusion in experimental diets.
The greatest weight gain was also observed in T2, at
1.16 £ 0.29 g. Similar responses have been documented
by Hassan et al. (2018), who evaluated the effects of
several medicinal plants in diets for Nile tilapia and
reported that supplementation with Curcuma longa
(191.14 g), Rosmarinus officinalis (194.36 g), and
Thymus vulgaris (186.70 g) at a 1% inclusion level
significantly increased weight gain compared to the
control group (160.64 g). Likewise, the highest specific
growth rate was obtained in T2 (1.60 £ 0.36%). In
contrast, Zaman & Cho (2022) evaluated diets
supplemented with Smallanthus sonchifolius, Zingiber
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Table 3. Morphological analysis of enterocytes and hepatocyte areas in two-band cichlid (V. bifasciata). ***Differences
letter in the rows indicated statistically significant differences (P < 0.05).

T1: Control T2 : 5% T3 :10% T4 : 20%
Higth enterocyte (um)  20.82+0.93%  18.13+0.76°  18.70+1.022>  15.30 +0.90°
Enterocyte fold (um)  117.65+25.67 124.78+29.62 112.90+24.25 105.47+16.21
Hepatocyte area (um?®) 4895 £2.06° 4343 +£2.46°  37.91£2.65¢  55.49+2.23¢

/s

- ==

Figure 2. Representative histological images of the effects of 7. zedrina on juveniles of the two-band cichlid (V. bifasciata).
High enterocyte (um): a) T1 (0% T. zebrina), b) T2 (5% T. zebrina), c) T3 (10% T. zebrina), and d) T4 (15% T zebrina).

officinale, and Vaccinium ashei at a 1% inclusion level
for eight weeks and found no significant differences
compared with the control treatment. Regarding the
feed conversion ratio, the best result was observed in
T2 at 0.78 = 0.001, indicating greater feed utilization
efficiency. Conversely, Salem & Abdel-Ghany (2018)
evaluated diets for Nile tilapia supplemented with
orange peel (Citrus sinensis) at inclusion levels of 0, 1,
2, and 4 g kg' and reported that the best feed
conversion ratio was obtained in the control treatment,
indicating that orange peel supplementation did not

improve feed efficiency. Finally, the highest condition
factor was recorded in T4 (1.95 £ 0.20). Similarly,
Abidin et al. (2022) evaluated the inclusion of neem
(Azadirachta indica) in diets for O. mykiss, at levels of
0, 5, 7, and 10%, and reported that fish fed
supplemented diets exhibited a higher condition factor
than those in the control group.

Mamadou et al. (2020) reported that the inclusion of
plant-derived ingredients in fish diets can improve
digestibility, stimulate feed intake, and consequently
enhance growth performance and survival. However,
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Figure 3. Representative histological images of the effects of T zedrina on juveniles of the two-band cichlid (V. bifasciata).
Enterocyte fold (um): a) T1 (0% T. zebrina), b) T2 (5% T. zebrina), c¢) T3 (10% T. zebrina), and d) T4 (15% T. zebrina).

Vélez-Calabria et al. (2021) noted that some plants
contain antinutritional compounds, deficiencies in
carbohydrates and essential amino acids, and, in certain
cases, may induce intestinal inflammation. Further-
more, Villasante et al. (2025) observed that plant
supplementation in aquaculture diets can reduce growth
performance under specific conditions. These observa-
tions are consistent with the results of the present study,
which showed no significant differences among some
treatments. At the same time, higher inclusion levels of
T. zebrina were associated with negative effects on
growth performance. Previous studies have demon-
strated that 7. zebrina possesses antioxidant, anti-
inflammatory, cytotoxic, insecticidal, antibacterial, and
antimicrobial properties (Alaba et al. 2014, Tan et al.
2014, Chan et al. 2015, Cheah et al. 2017),
characteristics that have also been reported in other
species belonging to the Tradescantia genus (Butnariu
et al. 2022). Nevertheless, studies evaluating the
morphological effects of herbal supplementation on
fish digestive systems remain limited.

Our histological results demonstrated that
enterocyte height decreased with increasing dietary
inclusion of 7' zebrina. However, intestinal fold length
was greater in treatment T2, which was also associated
with the best growth and size performance observed in
treatments T2 and T3 compared with the control group.
Previous studies have reported positive effects of herbal
supplementation on digestive morphology in fish. For
example, the inclusion of 1,000-1,500 mg kg' of
Astragalus gallinaceus in diets for Mozambique tilapia
(Oreochromis mossambicus) improved intestinal villus
length, crypt depth, muscular layer thickness, and the
number of intestinal mucous cells (Huang et al. 2010).
Similarly, Liu (2016) reported that supplementation
with 1 g kg of Eriobotrya japonica in diets for
goldfish increased intestinal villus length and muscle
layer thickness. In the present study, the inclusion of
20% T zebrina in diets for juvenile V. bifasciata
significantly increased hepatocyte area. However, this
treatment also resulted in the lowest values for growth,
total length, and overall growth performance variables.
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Figure 4. Representative histological images of the effects of 7. zedrina on juveniles of the two-band cichlid (V. bifasciata).
Hepatocyte area (um): a) T1 (0% T zebrina), b) T2 (5% T. zebrina), ¢) T3 (10% T. zebrina), and d) T4 (15% T zebrina).

Previous studies have shown that supplementation with
herbs such as green tea (Camellia sinensis), cinnamon
(Cinnamomum zeylanicum), and American ginseng
(Panax quinquefolium) can improve growth perfor-
mance in Nile tilapia (O. niloticus) (Abdel-Tawwab et
al. 2010, Ahmad et al. 2011, Abdel-Tawwab 2012).
Likewise, certain herbal additives have been reported
to enhance digestive enzyme activity and improve feed
conversion efficiency, thereby improving growth
performance (Radhakrishnan et al. 2014). Although the
beneficial effects of herbal components in aquaculture
diets have been widely described, incorporating
histological analyses would strengthen the interpre-
tation of these effects and provide stronger evidence of
the physiological benefits associated with herbal
supplementation.

CONCLUSION

The cytotoxicity results indicate that the evaluated plant
does not exhibit toxic effects, allowing it to be safely

incorporated into fish feed. Minimal differences were
observed among treatments in growth parameters, with
T2 showing the best performance. It is suggested that
additional research be conducted using different protein
levels in diets containing 5% plant material to evaluate
their nutritional and physiological effects. Likewise, it
is recommended to explore other application methods
for the plant to determine its efficacy under different
culture conditions.

Credit autor contibution

J.A. Castillo-Mayo: methodology and analysis; L.
Rangel-Lopez: methodology, analysis and original
draft preparation; Y.J. Trejo-Sanchez: methodology;
M.A. Perera-Garcia: results analysis; M.N. Vite-
Garcia: results analysis; G.M. Pérez-Jiménez: method-
ology and results analysis; C.A. Alvarez-Gonzalez:
review and editing; C.A. Septlveda-Quiroz: method-
ology, analysis and original draft preparation. All
authors have read and agreed to the published version
of the manuscript.



Matali addition in diets for juveniles of the two-band cichlid 479

Conflic of interest

The authors declare no conflict of interest

ACKNOWLEDGMENTS

The authors would like to thank the Universidad Juarez
Auténoma de Tabasco (UJAT) for the support provided
to conduct this study in its facilities. We also
acknowledge the Aquaculture Engineering Program at
DACA-UJAT and the Laboratory of Physiology in
Aquatic Resources (LAFIRA) for their support. This
study is part of the degree requirements of the student
Jesus Alberto Castillo-Mayo. We also express our
gratitude to Dr. Otilio Méndez-Marin for his assistance
with the histological samples.

REFERENCES

Abdel-Tawwab, M. 2012. The use of American ginseng
(Panax quinquefolium) in practical diet for Nile tilapia
(Oreochromis niloticus): Growth performance and
challenge with Aeromonas hydrophila. Journal of
Applied Aquaculture, 24: 366-376. doi: 10.1080/104
54438.2012.733593

Abdel-Tawwab, M., Ahmad, M.H., Sakr, SM.F., et al.
2010. Use of green tea, Camellia sinensis L. in
practical diets for growth and protection of Nile tilapia,
Oreochromis niloticus (L.) against Aeromonas
hydrophila infection. Journal of the World Aquaculture
Society, 41: 203-213. doi: 10.1111/j.1749-7345.2010.
00360.x

Abidin, Z.U., Hassan, H.U., Masood, Z., et al. 2022. Effect
of dietary supplementation of neem Azadirachta
indica leaf extracts on enhancing the growth
performance, chemical composition and survival of
rainbow trout, Oncorhynchus mykiss. Saudi Journal of
Biological Sciences, 29: 3075-3081. doi: 10.1016/.
$jbs.2022.01.046

Ahmad, M.H., El Mesallamy, A.M.D., Samir, F., et al.
2011. Effect of cinnamon (Cinnamomum zeylanicum)
on growth performance, feed utilization, whole-body
composition, and resistance to Aeromonas hydrophila
in Nile tilapia. Journal of Applied Aquaculture, 23:
289-298. doi: 10.1080/10454438.2011.626350

Alaba, C.S.M. & Chichioco-Hernandez, C.L. 2014. 15-
Lipoxygenase inhibition of Commelina benghalensis,
Tradescantia fluminensis, Tradescantia zebrina. Asian
Pacific Journal of Tropical Biomedicine, 4: 184-188.
doi: 10.1016/S2221-1691(14)60229-X

Barraza-Guardado, R.H., Pérez-Villalba, A.M., Gonzalez-
Félix, M.L., et al. 2019. Uso de microalgas como

constituyentes parciales del alimento balanceado para
engorda de tilapia (Oreochromis niloticus). Biotecnia,
22:135-141. doi: 10.18633/biotecnia.v22il.1161

Bin Dohaish, E., Al Dhahri, M. & Omar, H. 2018.
Potential application of the blue-green alga (Spirulina
platensis) as a supplement in the diet of Nile tilapia
(Oreochromis niloticus). Applied Ecology and Envi-
ronmental Research, 16: 7883-7902. doi: 10.15666/
aeer/1606_78837902

Butnariu, M., Quispe, C., Herrera-Bravo, J., et al. 2022. A
review on Tradescantia: Phytochemical constituents,
biological activities and health-promoting effects.
Frontiers in Bioscience-Landmark, 27: 197. doi:
10.31083/j.fb12706197

Cardoso, S.V., Alves de Magalhaes, B.E., Barbosa.
SM.T,, et al. 2022. Determination of phenolic
bioactive compounds and evaluation of the antioxidant
extracts of Tradescantia zebrina. Revista Colombiana
de Ciencias Quimico Farmacéuticas, 51: 1341-1361.
doi: 10.15446/rcciquifa.v51n3.101403

Chan, S.M, Khoo, K.S. & Sit, N.W. 2015. Interactions
between plant extracts and cell viability indicators
during  cytotoxicity testing: Implications for
ethnopharmacological studies. Tropical Journal of
Pharmaceutical Research, 14: 1991-1998. doi: 10.4314/
tjpr.v14il 1.6

Cheah, S.Y., Magdalene, C.Y., Eldwin, L.C.Z., etal. 2017. In-
vitro antioxidant and acetylcholinesterase inhibitory
activities of Tradescantia zebrina. Research Journal of
Pharmaceutical Biological and Chemical Sciences, 8:
82-87.

Davila-Camacho, C.A., Galaviz-Villa, I., Lango-Reynoso,
F., et al. 2018. Cultivation of native fish in Mexico:
cases of success. Reviews in Aquaculture, 11: 816-
829. doi: 10.1111/raq.12259

Fernandes, .M., Bastos, Y.F., Barreto, D.S., et al. 2017.
The efficacy of clove oil as an anesthetic and
euthanasia procedure for small-sized tropical fishes,
Brazilian Journal of Biology, 77: 444-450. doi:
10.1590/1519-6984.15015

Frias-Quintana, C.A., Pefia-Marin, E.S., Ramirez-Custodio,
C.D., et al. 2021. Comparative characterization of
digestive proteases in redhead cichlid (Vieja melanurus)
and two-band cichlid (Vieja bifasciata) (Percoidei:
Cichlidae). Neotropical Ichthyology, 19: €200095. doi:
10.1590/1982-0224-2020-0095

Giri, S.S., Jun, J.W., Sukumaran, V., et al. 2016. Dietary
administration of banana (Musa acuminata) peel flour
affects the growth, antioxidant status, cytokine
responses, and disease susceptibility of Rohu (Labeo



480 Latin American Journal of Aquatic Research

rohita). Journal of Immunology Research, 2016:
4086591. doi: 10.1155/2016/1086591

Gomez-Hernandez, 1.J., Perera-Garcia, M. A., Vite-Garcia,
M.N., et al. 2025. Addition of yerba mate (llex
paraguariensis A. St. Hil) in tilapia feed for the growth
of the mayan cichlid (Cichlasoma uropthalmus
Gilinther). Agrociencia, 2025: v59i5.3417. doi:
10.47163/agrociencia.v59i5.3417

Gonzalez, S.R., Romero, C.O., Valdivie, N.M., et al. 2014.
Los productos y subproductos vegetales, animales y
agroindustriales: una alternativa para la alimentacioén
de la tilapia. Revista Bio Ciencias, 2: 240-251. doi:
10.15741/revbio.02.04.02

Hamidi, M.R., Jovanova, B. & Panovska, T.K. 2014.
Toxicological evaluation of the plant products using
brine shrimp (Artemia salina L.) model. Macedonian
Pharmaceutical Bulletin, 60: 9-18.

Hassan, A.A.M., Yacout, M.H., Kha, M.S., et al. 2018.
Effects of some herbal plant supplements growth
performance and the immune response in Nile tilapia
(Oreochromis niloticus). Agriculture for Life: Life for
Agriculture Conference Proceedings, 1:134-141. doi:
10.2478/alife-2018-0020

Huang, Y., Lin, X., Wang, Q., et al. 2010. Effects of
Astragalus polysaccharide on structure of intestinal
villi and intestinal immunocytes of tilapia. Chinese
Journal of Animal Physiology and Animal Nutrition,
22:108-116.

Jiménez-Leyva, G., Rangel-Lopez, L., Perera-Garcia, M.,
et al. 2024. Crecimiento de crias del ciclido colorada
(Vieja bifasciata) alimentadas con tres diferentes
noveles de proteina. Abanico Agroforestal, 6: 1-8. doi:
10.37114/abaagrof/2024.6

Liu, C. 2016. Effect of loquat polysaccharide on digestion
characteristics and growth of goldfish. Fujian
Agricultural Science & Technology, 47: 3-6. doi:
10.13651/j.cnki.fjnykj.2016.05.002

Lizarraga-Velazquez, C.E., Hemandez, C., Gonzilez-
Aguilar, G., et al. 2017. Propiedades antioxidantes e
inmunoestimulantes de polifenoles en peces carnivoros
de cultivo. Ciencias UAT, 12: 127-136.

Mahdavi, M., Hajimoradloo, A. & Ghorbani, R. 2013.
Effect of Aloe vera extract on growth parameters of
common carp (Cyprinus carpio). World Journal of
Medical Sciences, 9: 55-60. doi: 10.5829/idosi.wjms.
2013.9.1.75125

Mamadou, N.P.,, Fall, J., Loum, A., et al. 2020. Effects of
the use of plant-based food additives on growth, body
composition and survival of Nile tilapia (Oreochromis
niloticus Linnaeus, 1758). Aquatic Science and
Technology, 8: 71-81. doi: 10.5296/ast.v8i1.16694

Martinez-Santiago, S., Martinez-Garcia, J.A., Nufiez-
Garcia, L.G., et al. 2022. Efecto del aceite esencial de
orégano mexicano Lippia graveolens en el crecimiento
y supervivencia de crias de la tilapia Oreochromis
niloticus. Brazilian Applied Science Review, 6: 1558-
1573. doi: 10.34115/basrvén6-009

Méndez-Martinez, Y., Pérez, Y., Verdecia, D.M., et al.
2019. Effect of the inclusion of Azalla filiculoides
meal on the growth and survival of red tilapia small
fish (Oreochromis mosambicus x O. niloticus). Cuban
Journal of Agricultural Science, 53: 289-298.

Méndez-Martinez, Y., Pérez-Tamames, Y., Reyes-Pérez,
J.J., et al. 2018. Azalla sp., un alimento de alto valor
nutricional para la acuicultura. Biotecnia, 20: 32-40.
doi: 10.18633/biotecnia.v20i1.527

Mirgahed, A.T., Hoseini, S.M., Hoseinifar, S.H., et al.
2020. Effect of dietary thyme (Zataria multiflora)
extract on antioxidant and immunological responses
and immune-related gene expression of rainbow trout
(Oncorhynchus mykiss) juveniles. Fish & Shellfish
Immunology, 106: 502-509. doi: 10.1016/j.fs1.2020.
08.002

Olivo-Vidal, Z.E., Ruiz-Ruiz, J., Vega-Salazar, M., et al.
2020. Pharmacological potential of Tradescantia
zebrina leaf extracts. Journal of Bioengineering and
Biomedicine Research, 4: 31-37.

Radhakrishnan, S., Saravana, B.P., Seenivasan, C., et al.
2014. Influence of medicinal herbs (Alteranthera
sessilis, Eclipta alba and Cissus quadrangularis) on
growth and biochemical parameters of the freshwater
prawn Macrobrachium rosenbergii. Aquaculture
International, 22: 551-572. doi: 10.1007/s10499-013-
9666-1

Ramos-Arcos, S.A., Lopez-Martinez, S., Velazquez-
Martinez, J.R., et al. 2023. Phytochemicals and
bioactivities of Tradescantia zebrina Bosse: A
southern Mexican species with medicinal properties.
Journal of Food and Nutrition Research, 11: 564-572.
doi: 10.1269/jfnr-11-9-2

Rana, R.J., Kotiya, A.S. & Dipakbhai, JM. 2024.
Bioactive feed ingredients used in aquaculture: A

review. Journal of Scientific Research and Reports, 30:
399-414. doi: 10.9734/JSRR/2024/v30i51956

Rangel-Lopez, L., Rivero-Perez, N., Valladares-Carranza,
B., et al. 2022. Antibacterial potential of Caesalpinia
coriaria (Jacq) will fruit against Aeromonas spp. of
aquaculture importance. Animals, 12: 511. doi:
10.3390/ani12040511

Salam, U., Ullah, S., Tang, Z.H., et al. 2023. Plant
metabolomics: an overview of the role of primary and
secondary metabolites against different environmental



Matali addition in diets for juveniles of the two-band cichlid 481

stress factors. Life, 13: 706. doi: 10.3390/1ife13030
706

Salem, M. & Abdel-Ghany, H.M. 2018. Effects of dietary
orange peel on growth performance of Nile tilapia
(Oreochromis niloticus) fingerlings. Aquaculture
Studies, 18: 127-134. doi: 10.4194/2618-6381-v18
2 06

Sanchez-Cruz, F., Calzada-Ruiz, D., Pefia-Marin, E.S., et
al. 2024. Efecto de la densidad de siembra en el
desempefio productivo de juveniles de la mojarra
negra Vieja fenestrata (Cichliformes: Cichlidae).
Tropical and Subtropical Agroecosystems, 27: 031.
doi: 10.56369/tseaes.4984

Septlveda-Quiroz, C.A., Alvarez-Villagomez, C.S.,
Alvarez-Gonzalez, C.A., et al. 2024. Intra-cohort
cannibalism and aggressive behavior in tropicar gar
(Atractosteus tropicus) larvae: effects of stocking
density and starvation. Aquaculture, 593: 741324. doi:
10.1016/j.aquaculture.2024.741324

Tan, J.B.L., Yap, W.J., Tan, S.Y., et al. 2014. Antioxidant
content, antioxidant activity, and antibacterial activity
of five plants from the Commelinaceae family.
Antioxidants, 3: 758-769. doi: 10.3390/antiox3040758

Toledo-Solis, F.J., Tomas-Almenar, C., Larran, A.M., et al.
2021. Efectos de la inclusion de alverjon (Vicia
narbonensis) en las dietas de la trucha arcoiris
(Oncorhynchus mykiss): hacia una acuicultura mas
sostenible. Revista Bio Ciencias, 8: e1102. doi:
10.15741/revbio.08Suppl.e1102

Received: January 5, 2026, Accepted: May 19, 2026

Vélez-Calabria, G., Sanchez, P.D., Jover-Cerda, M., et al.
2021. Successful inclusion of high vegetable protein
sources in feed for rainbow trout without decrement in
intestinal health. Animal, 11: 3577. doi: 10.3390/ani
11123577

Villasante, A., Figueroa, E., Godoy, K., et al. 2025. Impact
of plantbased diets on hepatosomatic index, circulating
globulins and growth in rainbow trout (Oncorhynchus
mykiss). Fishes, 10: 110. doi: 10.3390/fishes10030110

Waghulde, S., Kale, M.K. & Patil, V.R. 2019. Brine
shrimp lethality assay of the aqueous and ethanolic

extracts of the selected species of medicinal plants.
Proceedings, 41: 47. doi: 10.3390/ecsoc-23-06703

Zaman, M.F.U. & Cho, S.H. 2022. Dietary inclusion effect
of various sources of phyto-additives on growth, feed
utilization, body composition and plasma chemistry of
olive flounder (Paralichthys olivaceus) and challenge
test against Edwardsiella tarda compared to a
commercial probiotic (super lacto®). World Aqua-
culture Society, 54: 1121-1136. doi: 10.1111/jwas
12978



	Latin American Journal of Aquatic Research, 54(3): 471-481, 2026
	Histological analysis
	Fish samples were fixed in Davidson’s solution and subsequently dehydrated through a graded ethanol series (70, 80, 90, 96, and 100%). The tissues were then embedded in paraffin, sectioned at 7 µm, and stained with hematoxylin and eosin (H&E). Histolo...
	Statistical analysis
	The median LC50 of the aqueous extract of T. zebrina was estimated using Probit analysis in SAS software version 9.0 (SAS Institute, Cary, NC, USA). Before statistical analysis, the production parameters were evaluated for normality using the Kolmogor...
	was applied to identify differences between treatment means. All statistical analyses were performed using the Minitab® 18 statistical software package (Minitab, LLC, USA).
	RESULTS
	Matali cytotoxicity
	According to the cytotoxicity classification criteria proposed by Hamidi et al. (2014), the aqueous extract of T. zebrina, evaluated using the A. salina bioassay, showed an LC50 value of 10.93 mg mL-1 (Fig. 1). Based on these criteria, extracts with L...
	Growth parameters
	The growth performance results obtained for V. bifasciata showed no significant differences among treatments (P > 0.05) in final weight, final length, survival rate, or condition factor. However, treatment T2 exhibited significantly better performance...
	Histological effects
	In the intestinal tissue, treatment T1 showed the greatest enterocyte height (20.82 ± 0.93 µm), followed by T3 (18.70 ± 1.02 µm) and T2 (18.12 ± 0.76 µm). These values were significantly higher (P < 0.05) than those observed in T4 (15.29 ± 0.90 µm) (T...
	DISCUSSION
	The expansion of aquaculture has increased demand for balanced feeds, placing considerable pressure on the availability of traditional raw materials used in feed production and, consequently, increasing production costs. In commercial aquaculture, fee...
	In the present study, the cytotoxicity of the aqueous extract of T. zebrina was evaluated, yielding an LC50 of 10.93 mg mL-1, which, according to the criteria established by Hamidi et al. (2014), classifies the extract as non-toxic. Similar findings w...
	Figure 1. Cytotoxicity of the lethal concentration (LD50) of the aqueous extract of matali (T. zedrina).
	that incorporating such plant-derived ingredients into fish diets is unlikely to cause adverse effects in cultured organisms (Waghulde et al. 2019).
	The growth performance of the V. bifasciata, showed that the treatment containing 5% inclusion of T. zebrina (T2) produced the highest final weight (2.28 ± 0.43 g). Similar results were reported by Méndez-Martínez et al. (2019), who evaluated the incl...
	Figure 2. Representative histological images of the effects of T. zedrina on juveniles of the two-band cichlid (V. bifasciata). High enterocyte (µm): a) T1 (0% T. zebrina), b) T2 (5% T. zebrina), c) T3 (10% T. zebrina), and d) T4 (15% T. zebrina).
	officinale, and Vaccinium ashei at a 1% inclusion level for eight weeks and found no significant differences compared with the control treatment. Regarding the feed conversion ratio, the best result was observed in T2 at 0.78 ± 0.001, indicating great...
	Mamadou et al. (2020) reported that the inclusion of plant-derived ingredients in fish diets can improve digestibility, stimulate feed intake, and consequently enhance growth performance and survival. However,
	Figure 3. Representative histological images of the effects of T. zedrina on juveniles of the two-band cichlid (V. bifasciata). Enterocyte fold (µm): a) T1 (0% T. zebrina), b) T2 (5% T. zebrina), c) T3 (10% T. zebrina), and d) T4 (15% T. zebrina).
	Vélez-Calabria et al. (2021) noted that some plants contain antinutritional compounds, deficiencies in carbohydrates and essential amino acids, and, in certain cases, may induce intestinal inflammation. Furthermore, Villasante et al. (2025) observed ...
	Our histological results demonstrated that enterocyte height decreased with increasing dietary inclusion of T. zebrina. However, intestinal fold length was greater in treatment T2, which was also associated with the best growth and size performance ob...
	Figure 4. Representative histological images of the effects of T. zedrina on juveniles of the two-band cichlid (V. bifasciata). Hepatocyte area (µm): a) T1 (0% T. zebrina), b) T2 (5% T. zebrina), c) T3 (10% T. zebrina), and d) T4 (15% T. zebrina).
	Previous studies have shown that supplementation with herbs such as green tea (Camellia sinensis), cinnamon (Cinnamomum zeylanicum), and American ginseng (Panax quinquefolium) can improve growth performance in Nile tilapia (O. niloticus) (Abdel-Tawwa...

