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ABSTRACT
Moringa leaves (Moringa oleifera) contain flavonoids and saponins that can help

improve fish health. Fish health and immune conditions can be predicted based on fish
haematology. The study aimed to determine the effects of powder addition of Moringa leaves
in fish feed pellets on the haematological disorders of saline tilapia. It was carried out from
July to August 2022. Moringa leaf flour was mixed well with pelleted feed, and the dose of
Moringa leaf flour was as follows: 0 (Control, without the addition of Moringa leaves), P1 (10
g/kg), P2 (15 g/kg), and P3 (20 g/kg). Fish were stored in round plastic containers (25 L,
equipped with an aerator and circulation pump) for 42 days, 15 fish/container. During the
study, fish were fed three times/day at satiation. Sampling was carried out twice, namely
before treatment and at the end of the experiment (day 42). The results showed that adding
Moringa leaf flour to fish feed pellets affected fish haematology. Fish fed with turmeric-
enriched pellets showed a higher percentage of lymphocytes, increasing the fish's immunity.
The best treatment was P2, which showed 81.66% lymphocytes, 7.11% monocytes, 8.66%
neutrophils, and 2.55% thrombocytes. Data obtained showed that fish fed with Moringa leaf
pellets had better haematological conditions than fish not fed with Moringa leaf pellets.
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1. INTRODUCTION advantages, saline tilapia is one of the

Tilapia (Oreochromis niloticus) is one
of the aquaculture commodities that is quite
popular with the public. This fish is
considered relatively easy to cultivate and
has been successfully marketed because of
its many advantages. Tilapia is included in
the ten priority commodities of aquaculture
nationally, and the market demand for
tilapia is increasing, so the development of
tilapia cultivation has spread to brackish
waters and the sea known as saline tilapia.

Saline tilapia has a good meat texture,
is delicious and savoury, is a source of
animal protein, and is quite affordable. In
its habitat, saline tilapia can live in waters
with a wide salinity range, so salty tilapia is
also called euryhaline. Based on these

commodities considered and developed in
the aquaculture sub-sector. Aquaculture
development is inseparable from various
obstacles, such as slow fish growth, disease
attacks, the impact of environmental
pollution, and the potential mortality of
cultured fish. All these types of problems
often hamper the effectiveness of
aquaculture and reduce the amount of
production. Ineffective aquaculture and low
output will impact the ability to meet the
community's needs or market demand,
which tends to be higher.

Farmers often make efforts to
overcome fish diseases by using antibiotics.
Prolonged use of antibiotics can negatively
impact aquaculture activities, such as the
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increase in antibiotic-resistant bacteria and
pollution of the aquatic environment. In
addition, the use of antibiotics in large-scale
aquaculture is less efficient because
antibiotics are expensive. Because of this,
alternatives to antibiotics are needed as a
treatment and prevention of fish diseases.
One option to overcome these problems is
to use natural ingredients, namely moringa
leaves.

Moringa leaves have many benefits
and can be used as food and medicine.
Moringa leaves contain  flavonoids,
alkaloids,  phenols, and  saponins?.
Flavonoids have a role as antioxidants and
can stop free radical reactions, while
saponins function as immunostimulating
agents®>.  Research by  Oluduro® has
conducted moringa leaf extract can inhibit
Gram-negative bacteria (Escherichia coli
and Salmonella typhi) and Gram-positive
(Staphylococcus aureus and Enterococcus
sp) and has a role in increasing endurance
that can increase the survival rate of fish so
that the addition of moringa leaves to feed
can be used as a supplement to increase the
endurance of fish.

The increased endurance of the fish
can be seen in the fish's blood. According to
Amlacher in Rahma et al, blood is one
way to diagnose the health status of fish.
Blood cells have an essential role in the
body's defence system that can ward off
disease attacks and foreign substances that
enter the fish's body. Adding moringa
leaves to feed is one alternative to increase
fish's immune system. However, there still
needs to be more data on the blood picture
of saline tilapia treated with feed with
moringa leaf flour, so research needs to be
done to obtain this information.

2. RESEARCH METHOD
Time and Place

This research was conducted from
March to May 2022 at the Marine
Chemistry Laboratory, Matauli College of
Fisheries and Marine Sciences.
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Method

The method used is an experimental
or direct observation of the research object.
The design used is a completely
randomized (CRD) using 1 factor, four
levels of treatment, and three replications.
The medicines used are PO: Control
(Feeding without additional moringa flour),
P1: Addition of moringa flour to feed at a
dose of 10 g/kg, P2: The addition of
moringa flour to the feed at a dose of 15
g/kg, and P3: The addition of moringa flour
to the dinner at a dose of 20 g/kg.

Procedure
Preparation of Research Containers

The maintenance container used is a
25 L jar of 12 units. Before use, the jar is
first cleaned to avoid microorganisms and
pathogens. The pot is filled with water to
the maximum desired limit for two days
and equipped with an aerator where filling
the water serves to precipitate impurities in
the water.

Adaptation of Test Fish

The test fish used were tilapia seeds
measuring 4-6 cm, with 180 fish obtained
from Fish Farm, a cultivator in Tapanuli
Tengah, before being put into the container
for the adaptation stage. Tilapia seeds were
first weighed using analytical scales, and
body length was measured using a ruler.
Tilapia seeds were put into each jar with a
15 fish/jar density. Tilapia seeds are
adapted for nine days to avoid stress against
salinity changes. To get 20 ppt, it is done
gradually. Suppose increasing five ppt with
a volume of 15 L of water, 4 L of seawater
is needed. Seawater is added every two
days to avoid stress on fish in raising the
salinity of seawater, which must be
measured using a Refractometer.

Making Moringa Leaf Flour

Moringa leaves  are  used in
manufacturing Moringa leaf flour according
to the Moringa leaf flour method>. Moringa
leaves used in the manufacture of moringa
leaf flour are green leaves picked from the
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branches of trees that are approximately
from the first petiole (under the shoot) to
the seventh petiole that is still green.
However, old leaves can be used if the
moringa leaves have yet to turn yellow. The
moringa leaves are washed first to remove
those attached to the leaves, then the
moringa leaves are dried in the sun then the
moringa leaves are mashed using a blender
and then sieved with a sieve to obtain
moringa leaf flour and then stored in a
plastic container.

Preparation of Test Feed

The ingredients of the test feed
components consist of commercial pellets,
moringa leaf flour, and tapioca flour as an
adhesive between the shots and moringa
leaf flour. The method used in making feed
is the coating method, using water at an
average temperature added with two spoons
of tapioca flour feed and then stirred, then
pouring enough boiling water while stirring
until thickened. Moringa leaf flour was
added and mixed in the pellets according to
the treatment dose, namely P1 10 g/kg, P2
15 g/kg, and P3 20 g/kg. The feed that has
been mixed is then dried in the sun until dry
during the drying process. The pellets that
stick to it are then separated by squeezing,
and the dried pellets are then stored in the
fish feed container.

Fish Maintenance

The test fish were reared for six
weeks in 25 L jars equipped with aerators
with a salinity of 20 ppt. During
maintenance, the test fish fry was given
feed that had been mixed with Moringa leaf
flour. Feeding was done ad satiation with a
frequency of three times a day at 08.00,
13.00, and 18.00 WIB.

Fish Blood

Blood collection of test fish was
carried out twice, namely initial blood
collection before treatment and final fish
blood collection after treatment. The test
fish used were nine fish/treatments. Fish
were first anaesthetized with clove oil
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(about five drops/L) in a water-filled jar and
stirred gently. The syringe and syringe were
moistened with 10% EDTA to prevent
blood clotting. Fish blood was collected
through the caudal vein.

Leukocyte Differentiation

Calculation of leucocyte types based
on the Blaxhall & Daisley in Kurniawan et
alby taking fish blood, then making a
blood test preparation on a glass object and
then drying it, then fixing it with methanol
solution for 5 minutes, after which it is
rinsed with distilled water and then dried,
and continued with Giemsa staining for 20
minutes, after which it is washed with
running water, then dried, then observed
under a microscope with a magnification of
10x40. The types of leucocytes observed
were  lymphocytes, monocytes, and
neutrophils. Then, the leucocyte
differentiation was calculated with the
following formula:

Cell percentage = >'n x 100%

Description:
>n = Number of leukocyte cells

Blood cell morphology

In this study, the blood cells observed
were red blood cells and various white
blood Cells. For observation, blood cells
prepared with Giemsa dye and stained were
used. Blood cell morphology was observed
using an Olympus CX 21 binocular
microscope with a micrometre. The
parameters observed were cell diameter size
(mm), cytoplasmic and nuclear colour, and
general morphological and nuclear shape”.

Data Analysis

Leukocyte differentiation data are
presented in tabular form and analyzed
using analysis of variance (ANOVA), and
saline tilapia blood morphology data are
shown in the form of images, which are
then analyzed descriptively. Survival data
are presented in tabular form and analyzed
using analysis of variance (ANOVA.
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3. RESULT AND DISCUSSION
Blood Cell Morphology in
Tilapia (O.niloticus)

Erythrocyte cells of saline tilapia
found in this study have an average
diameter of 0.00942 mm or 9.42 um and
have an oval shape with an oval-shaped
nucleus as well, with Giemsa staining the
cytoplasm is pink. In contrast, the heart is
purple/red; the Number of erythrocyte cells
in each fish varies and is usually influenced
by the stress and temperature of the
environment.  The  erythrocyte  cell
morphology is examined to determine the
morphological changes of red blood cells
treated with feed using moringa leaf flour
with  different doses. shape of
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Lymphocytes

The results of observations in this
study of lymphocyte cell morphology in
saline tilapia show that two types of
lymphocyte cells are found, namely single
lymphocyte cells and clustered lymphocyte
cells. Lymphocyte cells have a round or
oval shape. The size of single lymphocyte
cells with a diameter of 0.00700-0.00900
mm or 7-9 um usually has a larger size than
clustered lymphocyte cells, which are
around 0.00400-0.00500 mm or 4-5 pm, in
clustered lymphocyte cells numbering
between 2-6 cells, lymphocytes have a
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erythrocyte cells in saline tilapia treated
with moringa leaves and control showed no
difference. This proves that moringa leaves
do not affect the shape or structure of
erythrocyte cells. The morphology of
erythrocyte cells in saline tilapia from the
beginning to the end of observation using a
microscope has a regular body. It does not
change the shape or size of saline tilapia
erythrocyte cells.

The erythrocyte morphology of saline
tilapia fish in this study is by the
description of erythrocytes according to
Mastuti®, the morphology of mature
erythrocyte cells is oval with ovoid nuclei
and pink  cytoplasm  (Figure  1).
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Figure 2. Morphology of single and clustered lymphocyte cells (1000x magnification)

nucleus that occupies most of the cell, so
the cytoplasm does not look so clear,
clustered or single lymphocytes do not
contain granules with Giemsa staining blue
or dark purple (Figure 2).

Monocytes

From the observations in this study,
the morphology of monocyte cells in saline
tilapia fish generally has a larger shape than
other leukocytes. The cell nucleus is usually
large and round in the middle or on the
edge of bright pink, and the cytoplasm has
no granules. The cytoplasm in monocytes is
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irregular because it is amoeboid. With
Giemsa staining, the cytoplasm of
monocytes is pink to clear, and the average
size of monocyte cells is 0.01036 mm or
10.36 pm.

The observation results in this study
showed that the monocytes of saline tilapia
fish were by the description of monocytes
according to Hoffman in Erika®® monocytes
in fish have almost the same morphology as
monocytes in mammals, oval or round, with
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Platelets

In this study, there are two types of
platelets, namely platelet cells that are oval
and shaped like a cigar and platelet cells
that are fusiform and shaped like a leaf.
Platelet cells have clear cytoplasm, so they
are not visible, and have a nucleus with
purple or blue solid Giemsa staining, with
an average size diameter of 0.00700-
0.00900 mm or 7-9 um (Figure 4).

The morphology of platelet cells in
this study is by the description of
monocytes according to Chinabutet al.
in Dipongtonung said that platelets in fish
are elongated round or oval and play a role
in the blood clotting process because they
participate in activating prothrombin into
thrombin. A unique feature of platelets is
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a diameter between 8 - 15 um. The nucleus
is oval, located near the edge of the cell,
and fills part of the cell contents. The
monocyte nucleus is sometimes found in
the centre, and the cytoplasm has no
granules. The shape of monocyte cells in
saline tilapia treated with moringa leaf flour
in the feed showed no effect on the
structure or form of monocyte cells. Figure
3 below shows monocyte cell morphology
in saline tilapia obtained in this study.
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0,01 mm

@

0,01 mm

latelet cell morphology (1000x magnification)

the presence of a thin cytoplasmic circle
around the core, which will be dark purple
when stained with Giemsa. The average
size of platelets ranges from (4 x 7um) - to
(5 x 13 pum). This shows that Moringa leaf
powder does not affect the structure or
shape of platelet cells.

Neutrophils

The results of observations in this
study of neutrophil cell morphology in
saline tilapia were found to be round with a
kidney-like or C-shaped nucleus with pink
Giemsa staining, pale pink to colourless
cytoplasm, and visible granules, having an
average size of 0.01022 mm 10.22 pm.
Neutrophil cell morphology in saline tilapia
can be seen in Figure 5.
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The basophil cells of saline tilapia in
this study are the basophil cells described
by Metin*2. Basophils are smaller than
heterophils and eosinophils. Basophils are
dark blue granular with various sizes, and
the nucleus is in the centre. Nabib and

Pasaribu in Erika® also said that eosinophils
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and basophils are rarely seen in fish blood
circulation. The shape of basophil cells in
saline tilapia treated with moringa leaf flour
and control showed no difference. This
indicates that moringa flour does not affect
the structure or form of basophil cells.
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Figure 6. Basophil cell morphology (1000x magnification)

Table 1. Leukocyte differentiation in saline tilapia.

Leukocyte Lymphocytes Monocytes Neutrophils
Differentiation Treatment (%) (%) (%) Platelets (%)
Beginning of 70,0040,00°  11,33+2,08° 10,0042,00  8,6641,52°
Research
PO 73,00+0,33°  10,78+0,84°  9,77+0,50 6,44+0,50°
End of Research P1 75,88+0,50°  8,66+0,33° 9,55+0,50 5,88+1,50"
P2 81,66+0,33°  7,11+0,50° 8,66+0,66 2,55+0,50°
P3 78,7740,69°  8,33+0,33° 8,66+0,33 3,44+0,69°

Description Different superscript letters in the same column indicate significant differences
(P<0.05) between treatments; + Standard Deviation (SD). PO (control), P1 (dose of

moringa leaves 10 gr/kg feed), P2 (15 gr/kg), and P3 (20 gr/kg).

Observation of Leukocyte Differentiation
of Tilapia

The calculation results of leukocyte
differentiation were carried out to see the
increase in the percentage of leukocyte
types after raising saline tilapia for 42 days
fed with moringa flour. The Kkinds of
leukocyte differentiation found in this study
will then be calculated as the percentage of
each cell, namely five leukocyte -cells:
lymphocytes, monocytes, neutrophils, and
platelets (Table 1).

The percentage of lymphocyte cells
after 42 days of maintenance has increased,
ranging from 75.88-81.66%. This shows
that the addition of moringa flour can
increase the production of lymphocytes in
the blood. Lymphocytes function to process
the mechanism of antibody formation in
fish and become a defence system from the
attack of foreign objects that will enter the
fish body, according to the normal range of
lymphocyte percentage in  fish':. The
average range of lymphocyte percentage in
tilapia is 68-86%. The increase in the
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Number of lymphocyte cells in white blood
cells is due to the entry of compounds that
act as immunostimulants**. According to
Rosidah et al.2, the ability of moringa flour
to activate immunomodulators  that
modulate the components of the immune
system.

The percentage of monocyte cells of
saline tilapia after being fed with feed
containing moringa leaf flour decreased.
Monocytes that tend to fall every week are
related to the function of monocytes as
macrophages, where monocytes are not
needed to phagocytize because no infection
enters the body that stimulates monocyte
production®®.

The study's results after 42 days of
maintenance showed that the percentage of
monocyte cells of saline tilapia changed
where the highest was in the PO treatment,
which was 11.33%, and the lowest rate was
in the P2 treatment, which was 7.11%. The
low percentage of monocyte cells in saline
tilapia proves that the fish is healthy and
not attacked by destructive pathogens that
enter the fish's body, so producing
monocyte cells in large quantities is
unnecessary. In addition, the presence of
active compounds in moringa flour plays a
role in suppressing bacterial infections.
These active compounds are flavonoids,
tannins, and saponins, thus helping the
work of monocytes. Flavonoids are known
to have anti-bacterial activity by carrying
out mechanisms, namely inhibiting the
synthesis of nucleic acids from bacteria,
damaging the function of the cytoplasmic
membrane, inhibiting the metabolism of
bacteria, inhibiting cell membrane synthesis
and aggregating bacterial cells®’.

The percentage of monocyte cells of
saline tilapia after being fed with feed
containing moringa leaf flour decreased.
Monocytes that tend to fall every week are
related to the function of monocytes as
macrophages, where monocytes are not
needed to phagocytize because no infection
enters the body that stimulates monocyte
production®®.
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The study's results after 42 days of
maintenance showed that the percentage of
monocyte cells of saline tilapia changed
where the highest was in the PO treatment,
which was 11.33%, and the lowest rate was
in the P2 treatment, which was 7.11%. The
low percentage of monocyte cells in saline
tilapia proves that the fish is healthy and
not attacked by destructive pathogens that
enter the fish's body, so producing
monocyte cells in large quantities is
unnecessary. In addition, the presence of
active compounds in moringa flour plays a
role in suppressing bacterial infections.
These active compounds are flavonoids,
tannins, and saponins, thus helping the
work of monocytes. Flavonoids are known
to have anti-bacterial activity by carrying
out mechanisms, namely inhibiting the
synthesis of nucleic acids from bacteria,
damaging the function of the cytoplasmic
membrane, inhibiting the metabolism of
bacteria, inhibiting cell membrane synthesis
and aggregating bacterial cells*’.

The increase in the Number of
neutrophil cells in fish indicates the activity
of neutrophil cells in reaching and attacking
antigens (foreign particles) entering the
body, which suggests the phagocytosis
process. The method of decreasing the
percentage of neutrophil cells indicates the
fish's immune system and immune system
in healthy fish conditions, due to the
absence of pathogenic infection attacks that
enter the fish body, there is no need to
phagocytose the pathogenic infection
because there is no stimulus to produce
neutrophil cells, this is by the opinion of
Utami et al.2®, stating that an increase in the
Number of neutrophils is a result of
immune mechanisms that work in response
to infection in the body. A low neutrophil
percentage indicates no microorganism
attack, so neutrophils have not been
produced by the fish body.

Survival of Saline Tilapia

The study's results showed survival
data of saline tilapia during the survey.
Survival of saline tilapia in all treatments
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showed the same pattern. From week 0 to
week 6, the survival rate of each treatment
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was above 95%. The survival graph can be
seen in Figure 7.
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Figure 7. Survival rate of tilapia

Based on the study results in Figure 7,
it can be seen that the survival of fish from
all treatments is relatively high, which is
above 90%. In the P2 treatment, the
survival rate was 100%. In treating PO and
P1, the survival rate was 98%, and in P3,
the survival rate was 93%. The high
survival rate of saline tilapia fish seeds is
due to favourable environmental conditions
and regular feeding with adequate
nutritional content. According to Iskandar
& Elrifadah®, The survival of saline tilapia
is determined by environmental conditions
and feed. In this study, water quality was
maintained by pipetting twice daily, namely
in the morning and evening, so the water
remained clean and maintained. The food
given is commercial pellets added with
Moringa leaf flour. These commercial
pellets contain 39-40% protein, and adding
moringa flour will enrich the nutrition of
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