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Abstract: Aquaculture is identified as the viable alternative source, for increasing fish production to meet out ever growing demand for fish consumption.
Due to their high nutritive value, toxic-free, environment friendly and high productivity Azolla and Spirulina were considered as promising feed. The
knowledge of hematological and growth characteristics is an important tool that can be used as a sensitive and effective index to monitor pathological and
physiological changes in fish. Consumption of Azolla and Spirulina by fish can have direct or indirect effects on human health. In the present study, a survey
was conducted in humans to analyze the effect of Azolla, Spirulina through fish tilapia consumption and also to analyze the hematological and growth
changes the fish Oreochromis mossambicus were exposed to different concentrations of spirulina and Azolla with commercial fish feed. Fishes were selected
for the weight of (21gram) and length of (I 1cm) for the present experiment. In the control group, 6 fishes were exposed to 20 grams of commercial fish
feed. In the first group T1 (experiment 1) 6 fishes were exposed to 8 grams of Azolla with 12 grams of commercial fish feed, in the second group T2
(experiment 2) 6 fishes were exposed 8 grams of Spirulina with 12 gram of commercial fish feed and in the third group T3 (experiment3) 6 fishes were
exposed 4 grams of Azolla and 4 grams of Spirulina with 12 gram of commercial fish feed for 60 days. In the present investigation, growth level was
increased when fish Oreochromis mossambicus was exposed to different concentrations of Spirulina and Azolla with commercial fish feed, and also significant
differences were observed in the blood parameters like white blood cells (WBC), Red blood cells (RBC), Hemoglobin (HB), MCV and MCH. A
questionnaire-based dietary survey of tilapia consumers were collected in detail through face-to-face interviews at fish shops located nearby KRP Dam,
Krishnagiri district. Statistical data were analyzed using SPSS software and all tests were considered significant at p<0:05. Main objective of the present study
is to analyze the growth and hematological effect of Azolla, Spirulina in fish tilapia and also to identify the fish (Oreochromis mossambicus) consuming people
through questionnaire-based survey. It is concluded that more people consumed fish tilapia as a common food and fish fed with azola and spirulina showed
rich nutritive value. So, the present study recommended that, if the fish tilapia is fed with azolla and spirulina, this may increase the nutritive states of human
populations via fish Tilapia.
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1. INTRODUCTION

Aquaculture has the greatest potential to meet the increasing
demand for aquatic food and it is one of the fastest growing
food producing sectors.' Supplemental feeding is an
important measure for the management in intensive
aquaculture for enhancing production of fish. Utilization of
aquatic plants produces high food value and gives more
animal protein at low cost. Fish tilapia is considered the most
intensive cultivated freshwater fish in India. In culturing of
various fish, the use of algae as a feed additive might help in
effective usage of its diet.2Spirulina is one of the most widely
used micro algal species in aqua feeds, due to its high
contents of proteins, minerals, essential amino acids and
pigments of antioxidant.? Spirulina is the most nourishing food
source in the world.* Spirulina can be considered a feed
supplement for animals having economic profit and
nutritional supplement that has various health benefits for
humans. It has been found that the alga can be used as
another source of protein and can also be used to improve
the taste and quality of meat. For initiating immune-
potentiating function in carp Spirulina can be used.’ Because of
its high productivity, high nutritive value and ease of
cultivation Azolla pinnata is considered to be a promising
feed.®” The recognition of growth and hematological
characteristics (RBC, WBC, Hb, MCV, MCH) are the
important tools that can be used as effective monitoring
physiological and pathological changes in fishes.® Study of
hematology in fish have diagnostic economic significance. For
fisheries biologists, in recent year’s fish hematology has
become an important tool.”'® According to a recent study,
omega-3s which are present in fish can help reduce high
blood pressure, strokes, and atherosclerosis and prevent
heart attacks'"'>. Fish tilapia contains antioxidants and
selenium that treat heart-related diseases and fight against
cancer'®. Consuming tilapia increases neurological function
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and also boosts brain function'®. Tilapia contain selenium
improves the hormonal functions and plays an important
role in the regulation of the thyroid gland'®. Fish tilapia is
good for bones. It contains minerals such as phosphorus
calcium that are used for bone maintenance and growth. The
main objective of the present study is to analyze the growth
and hematological effect of Azolla, Spirulina in fish tilapia and
also to identify the fish (Oreochromis mossambicus) consuming
people through questionnaire-based surveys.

2, MATERIALS AND METHOD

Fish O. mossambicus (Tilapia) were collected from the Barur
Tilapia Research Center, located at Krishnagiri, Tamilnadu,
India. The collected fish were transported in air filled
polythene bags with water. The fish brought to the
laboratory were disinfected with 0.1% potassium
permanganate solution and were maintained for three weeks
in a well-aerated tap water cemented tank for the
acclimatization. For the sign of disease, stress, physical
damage and mortality the test fish were critically screened.
To maintain the optimum dissolved oxygen level, the
experimental water was renewed every 24 hr. While
conducting the experiments, to prevent any deviation from
the modified main principle of bioassay techniques outlined
by Sprague, care was taken'® and was recommended by
APHA."” The data variance and significance were analyzed by
the test of DMRT and ANOVA."®

2.1 Criteria of Water

In all the experiments De chlorinated well water was used
as test water. The following were the conditions of
experimental water (Committee on Woater Quality
Criteria)"

Table. | .Experimental water parameters

Parameters

pH

Temperature

Alkalinity as CaCO;

Dissolved Oxygen

Total hardness as CaCO;

Salinity

Unit Value
- 73to7.5
°C 27 £ |
mg/L 255 to 260
mg/lL 72to74
mg/L 300 to 320
mg/L  0.42 to 0.49

(mg/L- milligram per liter)

2.2  Experimental Procedure
2.2.1 Dietary Survey

A survey was taken (weekly basis) for 2000 healthy human
beings from the common population at different fish shops
located nearby KRP Dam at Krishnagiri district, Tamilnadu.
Dietary data were collected only on tilapia consuming
people. Details of fish tilapia intake were collected from the
human population and computed.

2.2.2 Experiments

Fishes were selected for the weight of 21gram and length of
Ilcm for the present experiment. In the control group 6

fishes were exposed to 20 gram of commercial fish feed. In
the first experimental group (Exp-1) 6 fishes were exposed 8
grams of Azolla with 12 gram of commercial fish feed, in the
second experimental group (Exp-2) 6 fishes were exposed 8
grams of Spirulina with 12 gram of commercial fish feed and
in the third experimental group (Exp-3) 6 fishes were
exposed 4 grams of Azolla, 4 gram of Spirulina and 12gram of
commercial fish feed for the period of 60 days. After the
experimental period of 60 days, growth (length and weight)
and hematological (RBC, WBC, Hb, MCV and MCH) changes
were analyzed in the fish Oreochromis mossambicus treated to
various concentration of Azolla and spirulina with formulated
fish feed and compared with control group.

L-157


https://www.stylecraze.com/articles/home-remedies-for-controlling-high-blood-pressure/
https://www.stylecraze.com/articles/home-remedies-for-controlling-high-blood-pressure/
https://www.stylecraze.com/articles/how-to-fix-hormonal-imbalance/
https://www.stylecraze.com/articles/foods-to-eat-for-healthy-bones/
https://www.stylecraze.com/articles/foods-to-eat-for-healthy-bones/

ijlpr 2022; doi 10.22376/ijpbs/lpr.2022.12.5.L156-164

2.2.3 Experimental Setup
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Experimental work in Aquaculture Laboratory

2.2.4 Feed Percentage

Experiment | is 60 % commercial fish feed and 40% Azolla.
Experiment 2 is 60% commercial fish feed 40% Spirulina.

Experiment 3 is 60% commercial fish feed, 20% Azolla and 20% Spirulina.

2.2.5 Growth Parameters

Performance of growth of fish in all replicates was weighed independently and body weights of them were measured. According

to Goodwin et al,, specific growth rate (SGR) is calculated.”

SGR =

Ln [final mean body weight (g)] - Ln [initial mean body weight (g)]

Time interval (days) x 100

CF =

Weight (g)

Length (cm)?

2.3 Analysis of Hematology

Five fish per control and the entire experimental group (Exp-
I, Exp-2, and Exp-3) were randomly chosen and anesthetized
with tricaine methanesulfonate (20 mg/L). The blood sample
was extracted from the caudal vein and collected in an
Eppendorf tube along with EDTA anticoagulant. Neubauer’s
hemocytometer is used for the total count of WBC, RBC,
and for Hb estimation.”

2.4  Assessment of Hemoglobin Concentration (HB %)

Sahli’'s Acid Hematin Method was used for estimation of
hemoglobin.® A drop of (0. ml) blood and 0.I N
Hydrochloric acid which was taken up to the mark of 20 in
the graduated tube was added and allowed to stand for 5

minutes until it changes to dark brown in color. The solution
was diluted until it matches with standard color by adding
distilled water drop by drop (mixing the solution with a
stirring rod). Then reading was obtained from the scale on
the graduated tube and the hemoglobin concentration was
expressed as gram percent.

2.5 Estimation of Red Blood Cells (RBC)

After blood dilution, the RBC counting can be done manually
as per the method given by Mukherjee.® The ruled areas of
the hemocytometer at 5 centers are counted for counting
total RBC and total number of RBC is measured as
number/cubic  millimeter. Corner small squares of
hemocytometer i.e. 16 x 4 = 64 sqmm are counted for
counting white blood cells (WBC) and number of cells were
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measured as number/cubic millimeter.0.5 mark of blood was
drawn into the RBC pipette and immediatelyl0l mark of
diluting fluid containing, formal Citrate Solution was drawn.
The solution is added and for 2 to 3 minutes, the solution is
allowed to be settled and the cover glass is deposited over
the ruled area. The solution was mixed gently again and the
stem full of solution was drawn out and by holding the

Aquaculture

under the cover slip. It was allowed to settle for 2 to 3
minutes, the RBCs after settling under the cover slip were
counted. Under the microscope the ruled counting area was
focused and the number of RBC’s were counted in fine small
squares of the counting area under high power lens and the
following formula is used to calculate the number of RBC per
sq.mm:

pipette at an angle of 45°, a drop of fluid was allowed to flow

No.Of Cells x Dilution factor x

Depth factar
Total REC = pth f

= cubic mm

Total NO.of small Squares

2.6 Estimation of White Blood Cell (WBC)

Blood collection and processing procedure was the same as described in the above except for the dilution factor which is |: 20.
As far as the WBC counting chamber, each of these 4 squares millimeter areas was subdivided into 16 squares, by using low
power objective and a maximum ocular care was taken for counting cells of the Neubauer’s chamber. For the enumeration of
WBC, the following formula was taken.

No.0f Cells Counted ¥ Volume of the Square X
Depth factor
NO.of Squares(4)

Total WBC = = cubic mm

2.7 Estimation of MCY and MCH

Mean corpuscular volume is an auxiliary indicator and it is a measurement of red blood cell size. MCV value is calculated by
dividing measured hematocrit value. MCV expressed in femtoliter (fL or 10"'® L). Diagnosis of the hematological parameter was
carried out in a nearby medical diagnostic center, Krishnagiri. The following formula was used for the calculating MCV, MCH in a
given sample of blood.

hematocrit (2a)
MOV = — e % 10|
REC count (millions /mm®bleoeod)

Hb (in g/d L)
MCH = - — - x 10
RBC ( in millions/ul)

3. RESULT
3.1. Dietary Survey
A survey was taken frequently (weekly basis) for 2000 healthy human beings from the common population at different fish shops

located nearby KRP Dam at Krishnagiri district, Tamilnadu. Dietary data were collected only on tilapia consuming people. Details
of fish tilapia intake were collected from the human population and computed.

Table. 2. Survey on fish (Tilapia) consume people in various shops at KRP Dam area
at Krishnagiri, Tamilnadu. (Average of four weak observations)
Average consumption of fish Oreochromis mossambicus by the human population
(Number of people) at KRP Dam area at Krishnagiri (Nos.)

Morning Evening Total
112 98 210
109 95 204
102 97 199
105 92 197
1 89 200
108 88 196
104 86 190
10 94 204
103 98 201
106 93 199

Total 2000

(Average of four weeks’ Observations)
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3.2 Growth performance

The present results showed significant growth rate (weight
and length) in O. mossambicus exposed to various
concentrations of spirulina and azolla with commercial fish
feed while compared with the controlled group.

3.2.1 Length of fish

In the first group of experiment, 6 fishes were experimented
with 8 grams of Azolla and 12 gram of commercial fish feed
for the period of 20, 40 and 60 days, the result shows
increased level of length rate (11.9 cm, 12.6 cm and 13.3 cm)
in fishes at the end of all the days of exposure period (20, 40
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and 60 days) while compare with control group. In the
second group of experiment, 6 fishes were experimented
with 8 gram of spirulina and 12 gram of commercial fish feed
for the period of 20, 40 and 60 days, the result shows
increased level of length (I1.7 cm, 12.8 cm and 13.6 cm) in
fishes at the end of all the days of exposure period (20, 40
and 60 days) while compare with control group. In the third
group of experiment, 6 fishes were experimented with 4
gram of Azolla, 4 gram of spirulina and 12 gram of
commercial fish feed for the period of 20, 40 and 60 days,
the result shows increased level of length rate (11.6 cm, 12.9
cm and 14.1cm) in fishes at the end of all the days of
exposure period (20, 40 and 60 days) while compare with
control group.

Table.3. Comparative analysis of average length (cm) of Tilapia O. mossambicus in different days of Exposure
(20, 40 and 60 days)

Types Initial average Average Average Length(cm) 40 Average
Experiment Length(cm) Length(cm) days Length(cm)
20 days 60 days
Control 1.1 £0.12 1.6 £0.16 12.5 £0.20 13.1 £0.23
Experiment-| 11.2 +0.15 1.9 £0.21 12.6 +0.25 13.3 £0.27
Experiment-2 11.0 0.5 1.7 £0.12 12.8 £0.18 13.6 £0.22
Experiment-3 11.3+0.8 1.6 +0.15 12.9 +0.19 14.1 +0.28

All the values mean * SD of six observations
Values which are not sharing common superscript differ significantly at 5% (p < 0.05)
Duncan multiple range test (DMRT)

Comparative analysis of avgerage length of different days

<

Average Length

m  Control

mEX:1

OEX:2

Initial value 20 days

40 days

Different days of exposure

= 2 mEX:3
60 days

Fig |. Comparative analysis of average length (cm) of Tilapia O. mossambicus in different days of
Exposure (20, 40 and 60 days)

3.3 Growth performance

The present results showed significant weight increases in O.
mossambicus, exposed to various concentrations of spirulina
and azolla with commercial fish feed while compared with
the controlled group.

3.3.1 Weight of fish

In the first group of experiment, 6 fishes were experimented
with 8 grams of Azolla and 12 gram of commercial fish feed
for the period of 20, 40 and 60 days, the result shows
increased weight (23.4 gm., 26.5 gm. and 29.9 gm.) in fishes at
the end of all the days of exposure period (20, 40 and 60

days) while compare with control group. In the second group
of experiment, 6 fishes were experimented with 8 gram of
spirulina and 12 gram of commercial fish feed for the period
of 20, 40 and 60 days, the result shows increased level of
length (23.9 gm., 26.9 gm. and 28.7 gm.) in fishes at the end
of all the days of exposure period (20, 40 and 60 days) while
compare with control group. In the third group of
experiment, 6 fishes were experimented with 4 grams of
Azolla, 4 gram of spirulina and 12 gram of commercial fish
feed for the period of 20, 40 and 60 days, the result shows
increased level of length rate (24.0 gm., 27.2 gm and 30.0
gm.) in fishes at the end of all the days of exposure period
(20, 40 and 60 days) while compare with control group.
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Table.4. Comparative analysis of average weight (g) of Tilapia O. mossambicus different days
of Exposure (20, 40 and 60 days)

Control 21.4 +0.05 23.0 £0.02 254 +0.07 27.0 £0.09
Experiment-| 21.7 £0.02 23.4 £0.06 26.5 +0.08 29.9 +0.05
Experiment-2 21.9 £0.03 23.9 £0.05 26.9 £0.06 28.7 £0.08
Experiment-3 22.1 +0.08 24.0 £0.07 27.2 £0.09 30.0 +0.03

All the values mean * SD of six observations
Values which are not sharing common superscript differ significantly at 5% (p < 0.05)
Duncan multiple range test (DMRT)

Fig 2. Comparative analysis of average weight (g) of Tilapia O.mossambicus in Different days of
exposure (20, 40 and 60 day

The present study revealed that the growth performance
demonstrated as body length and weight gain, were
significantly increased in all the experimental groups while
compared with control. Maximum length (14.1 cm) and body
weight (30 g) were observed in group 3, the fish
experimented with 4 grams of Azolla and 4 grams of Spirulina
with 12gram of commercial fish feed for the period of 60
days. (Table-3, Table-4 and Figure-land Figure-2).

3.4 Hematological Parameters
3.4.1. RBC, WBC, HB, MCV and MCH

The present results showed increased levels of RBC, WBC,
Hb, MCV, MCH and in O. mossambicus exposed to various
concentrations of spirulina and azolla with commercial fish
feed while compared with the controlled group. In the first
group of experiment, 6 fishes were experimented with 8

grams of Azolla and 12 gram of commercial fish feed for the
period of 60 days, the result shows increased level of RBC,
WBC, Hb, MCV, MCH (1.38 cu.mm, 172.3 cu.mm and 16.7
%, 147.5 fL and 40.9 pg.,) in fishes at the end of 60 days of
exposure while compare with control group. In the second
group of experiment, 6 fishes were experimented with 8
gram of spirulina and 12 gram of commercial fish feed for the
period of 60 days, the result shows increased level of RBC,
WBC, Hb, MCV, MCH (2.0 cu.mm, 184.9 cuumm and 7.2 %,
154.5 fL and 41.3 pg.,) while compared with control group. In
the third group of experiment, 6 fishes were experimented
with 4 grams of Azolla, 4 gram of spirulina and 12 gram of
commercial fish feed for the period of 60 days, the result
shows increased level of RBC, WBC, Hb, MCV, MCH (2.8
cu.mm, 216.8 cuumm and 8.5 %, 156.6 fL and 42.5 pg.,) while
compare with control group. Maximum levels of RBC, WBC,
Hb, MCV and MCH were observed in group 3 for the period
of 60 days. (Table-5and Figure-3).

Table.5. Changes in Hematological parameters of O. mossambicus exposed to different concentrations of

spirulina and azolla with formulated feed for 60 days of exposure.

RBC (cu.Mm) .29 0.0l 1.38+0.04 2.0£0.06 2.8+0.09
WBC(cu.Mm) 152.7 + 0.08 172.3+0.03 184.9+0.02 216.8+0.06

Hb (%) 5.2+ 0.02 6.7+0.05 7.2+0.04 8.5£0.08
MCV (fL) 140.6+0.01 147.5+0.4 154.7+0.08 156.6+0.06
MCH (pg) 40.3+0.07 40.9+0.03 41.3+0.02 42.5+0.05

All the values mean * SD of six observations
Values which are not sharing common superscript differ significantly at 5% (p < 0.05)
Duncan multiple range test (DMRT)
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Changes in Haematological parameters

Fig 3. Changes in Hematological parameters of O. mossambicus exposed to different
concentration of spirulina and azolla with formulated feed for 60 days of exposure.

4. DISCUSSION

A survey was admitted (weekly basis) for 2000 healthy
human beings from the common population at different fish
shops located nearby KRP Dam at Krishnagiri district,
Tamilnadu. Dietary data were collected only on tilapia
consume people. Details of fish tilapia intake was collected
from human population and computed. In the present study,
the data survey clearly showed that, consumption of fish
tilapia by the public are increased. All the experimental
groups (Exp-1, Exp-2 and Ex-3) in the present study
produced the best length in growth and best weight gain for
the period of 60 days. The experimental group 3 of fish fed
with commercial fish feed (4 grams of Azolla, 4 gram of
Spirulina and 12gram of commercial fish feed) exhibited the
highest body weight and length in growth. These results
cleared that the optimum dietary level of Azolla and Spirulina
with commercial fish feed for O. mossambicus for 60 days
enhanced the growth and length performance. Due to the
positive effect on weight gain, the use of algae feed in
aquaculture has a lot of attention.?* Several studies showed
that the physiological activity and growth performance were
induced in the presence of small amount of algae in aqua
feeds.®* The best growth level observed with Spirulina
supplemented diets suggested that, the Spirulina improved
feed utilization and decreased the amount of feed necessary
for animal growth, similar result have been reported by
Fadl.et al,”The results obtained from the current study
were in accordance with Ibrahim et al,.”® who found that
growth rates in O. niloticus was improved by feed
supplemented with S. platensis powder. Hematological
parameters of tilapia with different level of spirulina, azolla
feed in the present study showed significant enhancement
when compared with control feed. The present results
showed that, feeding Spirulina platensis and azolla at exposure
group T1, T2 and T3 had significantly higher RBC and WBCs,
MCV and MCH. Concerning the percentage of hemoglobin in
fish blood of all the experimental groups fed on Spirulina and
Azolla had higher than control, reflecting good nutritional
values. Similar results obtained by Abdel-Tawab etal.,.”” who
stated that Spirulina diet increase RBCs and WBCs counts.
The results showed that, the highest value of RBC, WBC and
Hemoglobin were recorded in experimental (group T3) that
fed on diet with 4 grams of Azolla and 4 grams of Spirulina
with 12 grams of formulated fish feed.*® The spirulina and
Azolla diets were most effective to improve the
hematological parameters in fish as compared with other
control diet the high nutritional content of Azolla and
spirulina might be the reason of it. Therefore, spirulina and

Azolla supplementation could be used as a dietary
supplement for the fishes. More than 80% of the global tilapia
production comes from Asia *'"*2. From the present result, it
was observed that the fish Oreochromis mossambicus tilapia
fed with azolla and spirulina showed improved level of
morphological structure and hematological parameters. This
may boost the immune system in human. The improvement
of morphological structure is similar to the finding of Basak et
al, #. Naghshi et al, reported Azolla supplementation
powder significantly improved daily weight gain in chickens**
Several benefits of tilapia consumption observed in human
such as increasing metabolism, weight reduction, reducing
the possibility of chronic diseases and strengthening the
bones are contributed by rich nutritional content of tilapia
flesh. Protein content of the tilapia is high.** Spirulina and
Azolla was considered as an excellent source of useful
nutrients as well as an excellent energy source.® Spirulina
reduced hepatic damage.”” From the present result, it was
observed that the fish Oreochromis mossambicus tilapia fed
with azolla and spirulina showed increased level of growth,
weight and hematological parameters (RBC, WBC, Hb, MCV,
MCH) and also it was observed that tilapia consuming
population were increased overall. From the present result
we assure and postulate that the people who consume fish
tilapia fed with azolla and spirulina may get good nutrition in
their food and it may increase their immune system.

5. CONCLUSION

Intensive aquaculture is highly dependent on fish meal.
Spirulina and Azolla are promising new feed sources to
support future animal production needs and human health.
From the present result, it was concluded that the fish
Oreochromis mossambicus tilapia fed with azolla and spirulina
showed increased level of growth, weight, protein and
hematological parameters and also it was observed that
number of tilapia consuming people also have increased. The
present result clearly showed that people who consume fish
tilapia fed with azolla and spirulina may get good nutrition in
their food and it may increase their immune system. Use of
feed ingredients like Spirulina and Azolla would reduce the
cost of commercial fish feed. Azolla and Spirulina enhances
immunity in stressful conditions organisms like fish and
humans. Thus, more attention is needed to increase the use
of spirulina and azolla in aquaculture. The results provide
awareness on usage of spirulina and azolla in aquaculture and
human health. From the present result, it was observed that
the fish Oreochromis mossambicus tilapia fed with azolla and
spirulina showed increased level of growth, weight and
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hematological parameters (RBC, WBC, Hb, MCV, and MCH)
and also it was observed that number of Tilapia consumed
people also have increased.
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