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ABSTRACT
This study evaluated the effects of fermented Annona muricata leaf on the histology of liver and

intestine in Heterobranchus bidorsalis fingerlings by using electron microscope. A total of One
hundred and fifty (150) fingerlings with an average weight of 27.1g and length 13.23cm, were
exposed to five different concentrations of fermented Annona muricata leaves: 0.00g (0%), 1.61g
(5%), 3.21g (10%), 4.82g (15%) and 6.42g (20%) over a period 56 days. Histological analysis
showed that the control group (0.00g) and the 1.61g (5%) group exhibited normal liver and
intestinal structures. However, with higher concentrations, changes such as hepatocyte infiltration
by lymphocytes forming lymphoid follicles in the liver, oedematous mucosa with increased
lymphocytes in the intestinal mucosa, and sloughing of intestinal villi were observed. The findings
indicate that concentrations of Annona muricata leaf above 5% (1.61g) were toxic to the fish.
Therefore, its use should be approached with caution.
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INTRODUCTION into strategies to address undernutrition and
the nutritional aspects are not adequately
reflected in aquaculture and fisheries policies
(Thilsted et al., 2016). The nutritional value
of fish extends beyond basic dietary
diversity, as it is a nutrient-dense food
particularly beneficial for vulnerable groups,
such as children and pregnant and lactating
women. Fish is one of the few animal-based
foods with strong evidence supporting its
positive health benefits (Ezzati and Ribboli,
2013). Diets rich in fish are associated with a
lower risk of non-communicable diseases
compared to conventional diets (Tilman and
Clark, 2014). Aquaculture holds significant
potential to increase fish production a&u
improve nutrition and food security in

Fisheries and aquaculture provide livelihoods
for approximately 800 million people and
supply 3.1 billion people with 20% of their
animal protein (FAO, 2015), along with
essential micronutrients and fatty acids
crucial for cognitive and physical
development (HLPE, 2014). In many low-
income food-deficit countries, where fish
accounts for over a one-third of the animal
protein in the diet, it is often the most
affordable and accessible source of animal
nutrition (Kawarazuka and Bene, 2011;
Belton and Thilsted, 2014). However, despite
its importance as a key nutrient source, fish
consumption has not been fully incorporated
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developing nations (World Bank, 2013) with
aquaculture growth rates surpassing those of
land-based animal foods (FAOSTAT, 2014),
production will need to double by 2030 to
meet the rising demand for fish, especially in
developing countries (FAO, 2014).

Heterobranchus bidorsalis is a commercially
valuable fish species in Nigeria and other
developing countries due to its fast growth
rate, low feed conversion ratio, high stress
and disease resistance, and adaptability to
artificial diets. This omnivorous species, with
accessory breathing organs, can survive in
harsh aquatic environments where other fish
species cannot (Fagbenroet al.,, 1991;
Fagbenro, 1992; Agbebiet al., 2009;
Owodeinde and Ndimele, 2011).

Most research on the histology or
histopathology of fish organs has focused on
identifying tissue abnormalities in order to
determine appropriate treatment methods for
fish health. The use of antibiotics and
chemotherapeutics for disease prevention
and treatment in aquaculture has faced
significant criticism due to their harmful
effects (Onuoha, 2009). As a result, there is
growing emphasis on the use of natural plant-
based products with immuno-modulatory and
antimicrobial ~ properties  for  disease
management (Adewole et al, 2009;
Chukwuma et al., 2011). Immune stimulants
are compounds that enhance the non-specific
immune response, either on their own or
when combined with an antigen, to improve
the animal's resistance to microbial and
parasitic infections. The leaves of Annona
muricata (Soursop) are known for their
treatment of hypoglycemia and
inflammation, as well as their antispasmodic
effects (Pathak et al., 2010). These properties
are attributed to bioactive compounds in the
plant, such as saponins, alkaloids, tannins,
and other active metabolites (Vijajameenaet
al., 2013).

Annona muricata is a tall, evergreen tree that
can grow up to 9.1 meters. Belonging to the
Annonaceae family, it is native to the
Caribbean and Central America but is now
widely cultivated in tropical and subtropical
regions globally (CABI, 2018). Its leaves are
used to treat conditions such as insomnia,
diabetes, HIV-1, herpes, and inflammation,
thanks to their anti-inflammatory and
virucidal properties, which are attributed to
polyphenols (Moghadamlousiet al.,
2015).Soursop is widely used in traditional
medicine to treat various ailments, including
headaches, insomnia, rheumatism, arthritic
pain, fever, and heart and liver diseases
(Adewole and Caxton-Martins, 2006; de
Souza et al., 2009; Mishra et al., 2013). The
plant's leaves, roots, and bark are used for
their anti-inflammatory, hypotensive, smooth
muscle-relaxant, and anti-plasmodic effects.
Over 120 acetogenins have been identified
from the leaves, stems, bark, pulp, and fruit
peel of Annona muricata, with approximately
46 acetogenins found specifically in the
leaves (Adewole and Caxton-Martins, 2006;
de Souza et al., 2009; Mishra et al., 2013).

The use of antibiotics and chemotherapeutics
for prophylaxis and treatment in fish farming
has been widely criticized for its negative
impact. Issues associated with the use of
antibiotics in disease management should
therefore focus on the use of natural plant
products that possess immuno-modulatory
and antimicrobial activities. A. muricata is
cheap and available. For instance, there are
sporadic cultivation of the plant in the
southern part Nigeria specifically in
communities around the study area (Federal
University of Technology, Owerri) and other
parts of Imo state. Therefore, this study
aimedto investigate the effect of various
dietary inclusion levels of fermented A.
muricata (Soursop) leaf meal on the
histology of liver and intestine of H.
bidorsalis fingerlings.
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Figure 1: Plant of A. muricata Plant leaves with the fruit.

MATERIALS AND METHODS

Study Area

The experiment was conducted at the
Department of Fisheries and Aquaculture
Technology  Research  Farm,  Federal
University of Technology, Owerri, Imo State.
A completely randomized design was used for
the study, with five treatments, each replicated
three times. The treatments were as follows:
Treatment 0 (control) at 0%, Treatment 1 at
5%, Treatment 2 at 10%, Treatment 3 at 15%,
and Treatment 4 at 20% inclusion of

fermented Annona muricata.

Source of Fingerlings and Feed Ingredients
A total of 150 Heterobranchus bidorsalis
fingerlings, with an average weight of
27.1+0.3g and a total length of 13.23+0.2cm,
were used in the experiment. The fingerlings
were sourced from a reputable fish farm,
acclimatized for 14 days, and fed vital feed at
the Fisheries and Aquaculture farm prior to the
start of the experiment. The Annona muricata
leaves were identified and harvested from
Eziobodo, Owerri, Imo State. These leaves
were fermented in water for three days, and
air-dried until crisp, making them suitable for
grinding. The dried leaves were ground into a
fine powder. Other feed ingredients were
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purchased from the Relief Market in Owerri,

Imo State.

Preparation of Experimental Diets

Five iso-nitrogenous diets, each containing
40% crude protein, were formulated with
varying levels of fermented Annona muricata
leaf meal as a replacement for soybean meal.

The treatments were as follows: T1 (0%), T2

(5%), T3 (10%), T4 (15%), and T5 (20%)
fermented Annona muricata. The diets were
prepared by mixing the ingredients to ensure
uniform distribution, and gelatinized with hot
water. The resulting mixture was pelleted,
sundried, and packaged in polyethylene bags,
which were labeled according to their

respective treatments.

Table 1: Nutritional Composition of some Major Ingredients in Comparison with Annona

muricata Leaf Meal.

INGREDIENT 9%AS 9%MOISTUR %PROTEI %CH  %LIPI %FIBR
S H E N O D E
Annona

muricata 4.39 12.73 26.25 8.48 9.50 40.79
Bone Meal 85.99 1.75 2.63 4.59 1.05 4.075
Corn Flour 0.60 3.16 8.75 83.99 3.15 0.35
Soybean Meal 4.92 571 45.94 12.89 15.6 14.94
Fish Meal 30.05 392 56.00 0.68 7.80 1.55

Table 2: Composition of experimental Feed at different inclusion levels of Annona muricata

Leaf Meal.
INGREDIENTS T0 (0%) T1 (5%) T2 (10%) T3 (15%) T4 (20%)
Annona muricata 0.00 1.61 3.21 4.82 6.42
Soybean meal 32.14 30.53 28.93 27.32 25.72
Fishmeal 32.14 32.14 32.14 32.14 32.14
Corn meal 23.72 23.72 23.72 23.72 23.72
Lysine 0.50 0.50 0.50 0.50 0.50
Methionine 1.00 1.00 1.00 1.00 1.00
Vit min Premix 1.00 1.00 1.00 1.00 1.00
Vit C 0.50 0.50 0.50 0.50 0.50
Palm Qil 2.00 2.00 2.00 2.00 2.00
Bone Meal 3.50 3.50 3.50 3.50 3.50
Common Salt 1.00 1.00 1.00 1.00 1.00
Corn Flour (starch) 2.50 2.50 2.50 2.50 2.50
Total 100 100 100 100 100

Proximate Composition (%)
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%Ash 12.12 15.6 12.45 15.94 14.22
%Moisture 5.58 7.02 5.40 8.55 11.47
%Protein 40.05 40.45 41.05 40.19 40.67
%CHO 31.89 23.00 28.88 17.96 25.45
%Lipid 5.38 8.08 8.25 10.88 5.29
%Fibre 0.32 2.30 1.52 6.48 0.90
Laboratory Method used to enhance the visualization of different

The liver and intestines of the fish from each
treatment group were collected for analysis
and taken to the laboratory. Histological
examination was conducted by preparing
tissue samples, which were sectioned into
thin slices using a microtome, stained, and
mounted on microscope slides. The tissue
specimens were then examined under an
electron microscope. Histological stains were
RESULTS AND DISCUSSION

The liver is considered a key indicator of
nutritional health due to its role in
metabolizing and detoxifying substances
from the digestive tract (Raskovic and
Poleksic, 2011). In this study, normal liver
structure was observed in the control group
(Plate 1) and at the 5% inclusion level (Plate
I). At higher concentrations, the liver
exhibited alterations: at 10% (Plate I11), 15%
(Plate 1V), and 20% (Plate V), the liver
showed changes typical of liver toxicity. In
Plate V (20% concentration), normal

hepatocytes (appearing black) were heavily

biological structures, making it easier to
distinguish them, especially those that are
adjacent or in close contact. Histotechnology
involves a series of techniques that enable the
observation of tissue and cellular features
under the microscope, allowing for the
identification of specific structural changes
associated with diseases (Bancroft and
Stevens, 1996).

infiltrated by  lymphocytes, forming
lymphoid follicles (blue). This lymphocytic
infiltration is part of the immune response,
triggered by the increasing concentration of
Annona muricata inclusion. These findings
are consistent with those of Wang et al.
(2006), who noted that lymphoid follicles are
organized lymphoid structures whose
formation can be stimulated by luminal
factors to generate immune responses. The
histological changes observed in the liver
suggest that higher concentrations of Annona

muricata lead to inevitable liver toxicity.
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The intestine, a tubular organ responsible for
food digestion and nutrient absorption
(Nasruddin et al., 2014), showed normal
structure at lower inclusion levels. The coiled
intestine aids in nutrient absorption (Okuthe
and Bhomela, 2020). At 5% and 10%
inclusions (Plates VI and VII), the intestinal
architecture remained normal, with healthy
villi and a well-formed muscularis propria, in
line with the findings of Sugiura and Ferraris
(2004) and Kasozi et al. (2017), which
indicated normal intestinal structure suited
for absorption. Similar results were found in
studies by Roskovic and Poleksic (2011),
who reported no pathological changes in the
intestines of fish fed diets with up to 30%
soybean meal replacement. Grisdale-Helland
et al. (2000) also observed no intestinal
pathology in Atlantic halibut with up to 36%
diet replacement.

However, at higher inclusion levels (10% and
15%), signs of intestinal toxicity became
apparent. In Plates VIII and X, the intestinal
villi were sloughed, indicating the shedding
of dead tissue, a clear sign of toxicity from
Annona muricata at 10% (3.20g) and 15%

(4.80g) concentrations. At the 20% inclusion
level (Plate V), the intestine showed an
oedematous  mucosa  with  moderate
lymphocyte infiltration, suggesting swelling
and hyperplasia due to the higher

concentration of Annona muricata.

In terms of growth performance,
Heterobranchus  bidorsalis showed a
decrease in growth as the inclusion level of
Annona muricata leaf meal increased. This
reduction in growth could be attributed to the
high fiber content of the leaf meal, along with
anti-nutritional factors that make the feed less
palatable and harder to digest, particularly at
higher inclusion levels. This led to a
reduction in feed intake, as reflected in the
study’s growth data. This is in contrast to the
findings of Kuka and Anayo (2017), who
observed enhanced growth in African dwarf
goats when fed Soursop leaf meal. However,
since Heterobranchus bidorsalis is a
carnivorous fish, it found it difficult to fully
utilize the leaf meal, unlike ruminants which
can digest high-fiber foods more effectively
(Fagbenroet al., 1992).
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Plate I: Section of the liver of Heterobranchus bidorsalis (x400 magnification) fed with
formulated feed at 0% Annona muricata inclusion level- Control, showing normal hepatocytes

(black), normal veins (red) and normal ducts containing bile (blue).

Staining: Haemotoxylin counterstained with Erosin.

Plate Il: Section of the liver of Heterobranchus bidorsalis (x400 magnification) fed with
formulated feed at 5% Annona muricata inclusion level, showing normal hepatocytes (black),

normal veins (red) and normal ducts containing bile (blue).

Staining: Haemotoxylin counterstained with Erosin.

139



Dietary Effect of Fermented Annona muricata Leaf Meal on the Histology of Liver and Intestine of Heterobranchus bidorsalis Fingerlings -
Anyanwu, Bunu, Adaka, Nwaka, Utah

Plate I11: Section of the liver of Heterobranchus bidorsalis (x400 magnification) fed with
formulated feed at 10% Annona muricata inclusion level, showing normal hepatocytes (black) and

normal veins (Orange).

Staining: Haemotoxylin counterstained with Erosin.

Plate 1V: Section of the liver of Heterobranchus bidorsalis (x400 magnification) fed with
formulated feed at 15% Annona muricata inclusion level, showing shows normal hepatocytes

(black) and normal veins (orange).

Staining: Haemotoxylin counterstained with Erosin.
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Plate V: Section of the liver of Heterobranchus bidorsalis (X400 magnification) fed with
formulated feed at 20% Annona muricata inclusion level, showing normal hepatocytes (black)

heavily infiltrated by lymphocytes that form lymphoid follicles (blue) and normal veins (orange).

Staining: Haemotoxylin counterstained with Erosin.

Plate VI: Section of the intestine of Heterobranchus bidorsalis (x400 magnification) fed with
formulated feed at 0% Annona muricata inclusion level- Control, showing normal intestinal villi

(black) and normal muscularis propia (blue).

Staining: Haematoxylin counterstained with Erosin.
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Plate VII: Section of the intestine of Heterobranchus bidorsalis (X400 magnification) fed with
formulated feed at 5% Annona muricata inclusion level, showing normal intestinal villi (black)

and normal muscularis propia (blue).

Staining: Haemotoxylin counterstained with Erosin.

Plate VIII: Section of the intestine of Heterobranchus bidorsalis (x400 magnification) fed with
formulated feed at 5% Annona muricata inclusion level, showing sloughed intestinal villi (black),

faecal material (orange) and normal muscularis propia (blue).
Staining: Haemotoxylin counterstained with Erosin.
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Plate IX: Section of the intestine of Heterobranchus bidorsalis (x400 magnification) fed with
formulated feed at 5% Annona muricata inclusion level, showing sloughed intestinal villi (black),

faecal material (orange) and normal muscularis propia (blue).

Staining: Haemotoxylin counterstained with Erosin.
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Plate X: Section of the intestine of Heterobranchus bidorsalis (x400 magnification) fed with

formulated feed at 5% Annona muricata inclusion level, showing oedematous mucosa with

moderate increase in the lymphocytes in the mucosa (black) and normal muscularis propia (blue).

Staining: Haematoxylin counterstained with Erosin.

CONCLUSION AND
RECOMMENDATION

This study examined the histology of the liver
and intestine of Heterobranchus bidorsalis
fingerlings treated with fermented Annona
muricata leaf meal. While normal liver and
intestine structures were observed at lower
concentrations (up to 5%), increasing levels
(10%-20%) led to significant histological
changes, including lymphocyte infiltration in
the liver and intestinal villi sloughing, along

with oedematous mucosa and hyperplasia in

the intestine.

The findings recommend that high inclusion
levels of Annona muricata above 10% could
pose toxic risks to fish. Inclusion levels
above 5% could introduce toxic substances
into the aquaculture system, leading to
serious negative consequences for the fish
internal organs. Therefore, the use of Annona
muricata in aquaculture should be limited to
lower concentrations to avoid harmful

effects.
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