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Abstract Nile tilapia and Striped Catfish can be classified as freshwater fish 
species that have great cultivation potential. Inadequate cultivation 
management leads to the occurrence of disease attacks on fish. Hematological 
examination was applied to determine the level of fish health. This research was 
aimed to know the difference between erythrocyte cell and leucocyte cell count 
by using Hematology Analyzer Tool Software (computer based) and hand tally 
counter (human based), and to know the description of hematocrit component, 
hemoglobin and leucocytes differential on tilapia fish and Striped Catfish. The 
methods employed in this research were experimental method and descriptive 
method. The results showed that the calculation of erythrocyte cells and 
leucocyte cells by using Hematology Analyzer Tool Software was similar to the 
calculation by using hand tally counter. It was because the result of t value was 
smaller than t of the 5% table. Based on the description of the hematocrit 
component, hemoglobin and leucocyte differentials, it could be said that nile 
tilapia and Striped Catfish were within the range of abnormalities. 

 
 

Introduction 
The hematological value is closely related 

to pathological conditions, especially to obtain 
an image of the health condition of the fish 
(Zuhrawati, 2014). Hematologic examination is 
performed by direct blood cell observation 
through a microscope that requires high 
concentrations. Small object size, large number, 
and eyestrain often affect the accuracy of the 
calculation of blood cell count (Noercholis and 
Wijaya, 2015). 

The method of calculating the number of 
blood cells is continuously growing up to date 
and it is a challenge for researchers to continue 
improving the accuracy of the calculations. 
Several previous studies have been conducted 

to provide an alternative calculation of blood 
cell counts in image by using Hematology 
Analyzer Tool Software. Hematology Analyzer 
Tool Software is a computer program that 
serves to calculate the number of blood cells by 
processing digital images (Noercholis et al., 
2013).  

This research was aimed to know the 
difference between erythrocyte cell and 
leucocyte cell count of Nile Tilapia (O. niloticus) 
and Striped Catfish (P. hypophthalmus) by using 
Hematology Analyzer Tool Software and hand 
tally counter. Second, this research was also 
intended to know the description of hematocrit, 
hemoglobin, and leucocyte differential 
components. 
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Material and methods 
This research was conducted at three 

different places. First, it was conducted at Fish 
Disease and Health Division of Fish Cultivation 
and Laboratory. Second, it took place at 
Fisheries Safety Division of Fisheries 
Technology Science Laboratory of Brawijaya 
University Faculty of Fishery and Marine 
Science, Malang. Last, it was carried out at 
Fishing Center of Jojogan, Tuban, East Java. 

The methods used in this research were 
experimental method and descriptive method. 
The experimental method was performed for 
the calculation of erythrocytes and leucocytes 
by using t-test. Then, descriptive method was 
used for the observation and decomposition of 
hematocrit, hemoglobin and leucocyte 
differential. The sample was observed by using 
a microscope to be calculated manually by 
using a hand tally counter. It was also 
documented to be calculated by using the 
Hematology Analyzer Tool Software 
modification of Noercholis et al. (2013). 

Erythrocyte and Leucocyte Observation 
According to Dianti et al. (2013), the blood 

sample was taken by using erythrocyte thoma 
pipette up to 0.5, it was diluted in Hayem 
Solution until reaching the 101 limits. The 
blood sample was taken by using leucocyte 
thoma pipette up to 0.5, and then it was 
diluted by using Turk Solution until reaching 
the 11 limits. After that, for erythrocyte 
observation, the fish blood and Hayem Solution 
were homogenized by shaking it for ± 30 
seconds. For Leucocyte observation, the fish 
blood and Turk Solution were homogenized by 
shaking it for ±30 seconds Before the sample 
was being dripped on hemocytometer, the 
amount of the sample was reduced for 3-4 
drops. Next, the hemocytometer was slowly 
covered with a glass cover to avoid the 
appearance of bubbles. The formula used to 
calculate erythrocyte and leucocyte cells were 
stated below: 

Note: N: number of the calculated erythrocyte  

Note: N: number of the calculated leucocyte 

Leucocytes Differential Observation  
The observation of leucocyte differential 

was done by taking one drop of blood from tube 
by using syringe, then it was placed on glass 
object. Next, it was flattened by using the smear 
method. The smear method was carried out by 
pulling forward the blood that had been dripped 
on the glass object using another glass object. 
After that, the sample was aerated until it was 
dry on the tray. After being dried, the sample 
was fixated using methanol, then it was left to 
dry once again by let it stand on a tray. 
Furthermore, the dried sample was given 
Giemsa Stain Solution and it was left up to 15-
20 minutes. After 15-20 minutes, the sample 
was rinsed with aqua distillate. Wait until it was 
dry for the last time and then observed it using 
a microscope with 400x magnification 
(Hidayaturrahmah, 2015). 

Hematocrit Calculation 
The measurement of hematocrit using a 

hematocrit capillary pipette was collected by 
filling a 4/5 parts of hematocrit capillary with 
blood. Then, both sides of the hole were closed 
using a Critoseal (wax cover). Next, centrifuge 
was done within the speed of 12,000 rpm for 4 
minutes. After 4 minutes, the centrifuge cover 
was removed to see the result by reading the 
hematocrit table scale expressed in percentage 
(Zuhrawati, 2014). 

Hemoglobin Calculation 
The measurement of hemoglobin was 

performed by using Hb Sahli (Sahli’s 
Hemoglobinometer). The blood sample was 
obtained by using Sahli’s pipette up to 20 mm 
(the line limit of Sahli’s pipette) and added in 0.1 
N HCl Solution up to number 2 (the yellow line 

Number of Leucocyte = ∑ N X 50 

 

Number of Erythrocyte = ∑ N X 104 

sel/mm3 
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boundary). Blood sample was inserted in Sahli’s 
tube and waited until turning into blackish 
brown. Then, the aqua distillate was added till it 
corresponded with the color of the two tubes of 
Hb-Sahli. Furthermore, the hemoglobin value 
was read in unit g/dl (Simanjuntak, S. B. I. et al., 
2018). 

Data Analysis 
The data of erythrocyte and leucocyte cells 

of Nile Tilapia and Striped Catfish which were 
obtained by manual calculation by using hand 
tally counter and Hematology Analyzer Tool 
Software were analyzed by pairing t value with t 
table. 

 
Results and discussion 

Results of Erythrocyte Cell and Leucocyte Cell Processing 

Figure 1. Results of Erythrocyte Processing: a. Cropping Result, b. Dynamic Contrast and Filling Results, c. The Opening 
Result, d. Roundness Level Feature Result, e. Coloring Result. Step a – e was the process of calculating 
erythrocytes using fish cell hematology analyzer tool software. Using a microscope with 400x magnification.  

The calculation of erythrocytes number was 
peformed manually by hand tally counter. It was 
relatively faster and could be directly calculated 
through a microscope but the results obtained 
were less accurate, because it required eye care 
and accuracy when clicking on hand tally 
counter. As for the main process, it was 
administered by using Hematology Analyzer Tool 
Software.  This method took a relatively longer 
time because it should process the image 
obtained from the microscope. Nevertheless, the 
result was more accurate because the calculation 
process was done by using software. It can be 
seen in Figure 1 the result of erythrocyte cell 
processing and Figure 2 is the result of leucocyte 
cell processing. 

Processing was done to get the total number 
of detected objects and total objects counted as 
cells. All detected objects and objects counted as 
cells have a roundness rate; the value of this 
roundness was used to distinguish between 
erythrocyte or leucocyte cells and the non-
erythrocyte cells or non-leucocyte cells. If the cell 
value that existed within the calculated area was 
above 0.75, it could be assumed to be an 
erythrocyte cell and if it had a value below 0.75, 
it was not the erythrocyte cells. This was in 
accordance with the research of Noercholis et al. 
(2013), a cell object could be stated as a blood 
cell if it has a value of roundness above 0.75.
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Figure 2. Leucocyte Processing Results: a. Cropping Result, b. Dynamic Contrast and Filling Result, c. The Opening 

Result, d. Roundness Level Feature Result, e. Coloring Result. Step a – e was the process of calculating 
Leucocyte using fish cell hematology analyzer tool software. Using a microscope with 400x magnification.  

The Erythrocyte Cells of Nile Tilapia (O. niloticus) and Striped Catfish (P. hypophthalmus) 

Table 1. Calculation Result of the Erythrocyte Cells of Nile Tilapia (O. niloticus) and 
Striped Catfish (P. hypophthalmus) 

Research 
Object   

The Nile Tilapia Erythrocyte Cells 
(106 c cell/mm3) 

The Erythrocyte Cells of Striped Catfish 
(106 cell/mm3) 

Aplication Manual Standard Aplication Manual Standard 

Fish 1 1.78 1.63 (Ismail and Mahboub, 2016) 2.87 2.86 (Yaghobi et al., 2014) 

Fish 2 0.81 0.81 1.13 – 1.31 3.02 3.13 3.05 

Fish 3 1.56 1.72  2.00 2.18  

Fish 4 0.73 0.74 (Osman et al., 2018) 2.72 2.85 (Vhatkar et al., 2013) 

Fish 5 0.47 0.41 1.49 – 2.39 0.73 0.85 2.28 

Total 5.35 5.31  11.34 11.87  

Average 1.07 1.06  2.26 2.37  

 

Based on the research results presented in 
Table 1, it could be seen that the mean of Nile 
Tilapia’s erythrocyte cell using application 
calculation was 1.07 x 106/mm3 while in manual 
calculation was 1.06 x 106/mm3 (P > 0.01). The 
average number of erythrocyte cell of the Nile 
Tilapia was below the range value within 
literature. 

According to Ismail and Mahboub (2016), 
the average number of erythrocyte cells in Nile 
Tilapia was 1.13-1.31 x 106/mm3. Meanwhile, 
according to Osman et al. (2018), the average 
number of erythrocyte cell was 1.49 - 2.39 x 
106/mm3. Many factors could cause the 

reduction of erythrocyte cells. One of them was 
caused by polluted aquatic environment. This 
was supported by research of Osman et al. 
(2018). It stated that there was a significant 
reduction in the value of red blood cells, 
hemoglobin, and hematocrit of tilapia samples 
taken from polluted environments compared to 
those which were taken from less polluted 
environments. 

Based on Table 1, the average calculation 
of Striped Catfish ’s erythrocyte cell by using the 
application calculation, the obtained result was 
2.26 x 106/mm3, while the manual calculation 
showed 2.37 x 106/mm3 (P > 0.01). The mean 
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results of erythrocyte cell counts were below 
the range values in the literature. 

According to Yaghobi et al. (2014), the 
number of Striped Catfish erythrocyte cells had 
a value of 3.05 x 106/mm3. Meanwhile, 
according to Vhatkar et al. (2013), the average 
number of Striped Catfish erythrocyte cells was 
2.28 x 106/mm3. Basically, the number of 
erythrocytes and hemoglobin were 
interconnected. If there was a decrease in the 
number of erythrocyte cells and hemoglobin 
levels, it would cause the damage of oxygen 
transportation system of fish metabolism 
system. In addition, changes in the number of 
erythrocyte cells could be used also for stress 
indicators in fish due to the presence of toxins 
or pollutants in aquatic environments (Siakpere 
et al., 2009). 

Leucocytes Cells of Nile Tilapia (O. niloticus) and 
Striped Catfish (P. hypophthalmus) 

Table 2 presented the calculation of Nile 
Tilapia’s (O. niloticus) leucocytes by using 
application. The obtained result was 274,760 
cells/mm3 while the manual count of Nile Tilapia 
fish blood sample was 307,250 cells/mm3 (P > 
0.01). The average number of Nile Tilapia’s 
leucocyte cells was above the range value in the 
literature. 

According to Guimaraes et al. (2014), the 
average leucocyte number of Nile Tilapia was 
120,000 – 230,000 cells/mm3. Meanwhile, 
according to Osman et al. (2018), the total 
leucocyte number of Nile Tilapia was about 
35,670 – 50,650 cells/mm3. Many factors could 
cause the escalating of leucocyte cells. One of 
them was caused by polluted aquatic 
environment. This was supported by the 
research conducted by Mazrouh et al. (2015), it 
explained that a very clear growing number of 
leucocytes in fish samples collected were 
caused by pollutants. In line with the opinion of 
Maftuch et al. (2017), that pollutants increased 
haemorrhage which resulted in fish organs 
damage. An intensification in the number of 
lymphocytes, monocytes, and neutrophils was 
thought to be the reason for the increasing total 
number of leucocytes. Another reason that 
could increase the number of leucocytes was 
bacterial infection. 

Table 2 of Striped Catfish leucocyte cell 
calculation (P. hypophthalmus) by using 
application obtained result of 119,900 
cells/mm3, while manual calculation reached 
the number of 194,640 cells/mm3 (P > 0.01). The 
calculation of leucocytes of Nile Tilapia fish was 
above the range value in the literature.  

Table 2. Calculation Result Leucocyte Cells of Nile Tilapia (O. niloticus) and 
Striped Catfish (P. hypophthalmus). 

Research 
Object 

The Leucocyte Cells of Nile Tilapia (cell/mm3) 
The Leucocyte Cells of Striped Catfish 

(cell/mm3) 

Application Manual Standard Application Manual Standard 

Fish 1 350,050 415,950 (Guimaraes et al., 2014) 119,900 95,750 (Yaghobi et al., 2014) 

Fish 2 305,400 382,750 120,000 – 230,000 152,100 94,050 70,000 – 123,750 

Fish 3 278,600 296,350  122,000 57,600  

Fish 4 231,950 243,700 (Osman et al., 2018) 212,250 266,750 (Pimpimol et al., 2012) 

Fish 5 207,800 197,500 35,670 – 50,650 368,100 459,050 94,200 – 101,700 

Total 1,373,800 1,536,250  974,350 973,200  

Average 274,760 307,250  119,900 194,640  
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According to Yaghobi et al. (2014), the average number of leucocyte cells in Striped Catfish was 
70,000 – 123,750 cells/mm3. In addition, Pimpimol et al. (2012), said that the average mean number 
of leucocyte cells in Striped Catfish ranged from 94,200 – 101,700 cells/mm3. Musa et al. (2013) also 
stated that the growing number of leucocyte cells could be caused by fish’s stressful conditions due 
to infection attacks of either bacteria, fungi, or parasites. 

Leucocytes Differential of Nile Tilapia (O. niloticus) and Striped Catfish (P. hypophthalmus) 

Table 3. Average Result of Leucocyte Differential Value of Nile Tilapia (O. niloticus) and 
Striped Catfish (P. hypophthalmus) 

Sample 
L M B E N 

Sampel 
L M B E N 

(%) (%) (%) (%) (%) (%) (%) (%) (%) (%) 

N. Tilapia 1 19 26 13.4 6.6 35 Striped Catfish 1 33.6 38.6 1.6 3.8 22.4 

N. Tilapia 2 23 23 11.6 6.4 36 Striped Catfish 2 33.6 29.2 2.4 6 28.8 

N. Tilapia 3 28 23 14.6 6.4 28 Striped Catfish 3 28.2 28.4 2 11.6 29.8 

N. Tilapia 4 36 21 8.2 4.8 30 Striped Catfish 4 22.2 34.8 4.6 7.6 30.8 

N. Tilapia 5 32 22 11.4 6.6 28 Striped Catfish 5 29.4 25 8 12.4 25.2 

Total 138 115 59.2 30.8 157 Total 147 156 18.6 41.4 137 

Average 27.6 23 11.84 6.16 31.4 Average 29.4 31.2 3.72 8.28 27.4 

Description: L: Lymphocyte; M: Monocyte; B: Basophils; E: Eosinophils; N: Neutrophils 
 

Table 3 presented that on blood samples of 
Nile Tilapia, neutrophil cells were more 
commonly found with an average of 31.4% and 
eosinophil cells were slightly found with an 
average of 6.16%. According to Sayed and 
Moneeb (2015), the average value of 
lymphocyte cells in the tilapia was 90.89% for 
the average monocyte cell value of 2%; the 
mean cell value of neutrophils was 5.67%, and 
the eosinophil cells’ average value was 1.44%. 
While in the conducted study by Osman et al. 
(2018), the result of differential leucocyte 
obtained of lymphocyte cell value was 59.5%; 
the neutrophil cell value was 24.22%, and the 
monocyte cell value was 14.47%, and the 
eosinophil was equal to 1.8%. 

Table 3 also showed that in blood samples 
of Striped Catfish, monocyte cells were more 
commonly found with an average of 31.2% and 
basophil cells were slightly found with an 
average of 3.72%. According to Kumar and 
Ramulu (2013), the average value of 
lymphocytes in Striped Catfish was between 
68% -72% and the average value of neutrophils 

in Striped Catfish was 23%-8%. Furthermore, 
the mean value of monocytes in Striped Catfish 
was 2%-3%, and the average eosinophil value in 
Irisdecent Shark was 1%-3%. Lymphocytes were 
the most common cells found in fish leukocytes 
because lymphocytes served as the body's 
defense system against infection. Changes in 
the number of leukocyte cells could be caused 
due to the stress resulted in the declining of the 
fish’s immune system which made it susceptible 
to disease attack (Ariweriokuma et al., 2016). 

Hematocrit of Nile Tilapia (O. niloticus) and 
Striped Catfish (P. hypophthalmus) 

The results of the research displayed on 
Table 4 showed that the hematocrit value of 
Nile Tilapia was below the normal range. 
According to Osman et al. (2018), the 
hematocrit value of Nile Tilapia ranged from 
20.49 - 38.76%. Significant reductions occurred 
in the value of red blood cells, hemoglobin, and 
hematocrit of tilapia samples taken from 
polluted environments compared with those 
taken from less polluted environments. 
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The results of Table 4 also portrayed that 
the hematocrit values of Striped Catfish were 
below the normal range. According to Yaghobi 
et al. (2013), the hematocrit value of Striped 
Catfish ranged from 37 - 40%. According to 

Tamamdusturi et al. (2016), the decreased 
number of hematocrits, hemoglobin and 
erythrocytes could be caused by an infection 
that may be resulted in the changing of red 
blood cells to become lysis.

 
Table 4. Hematocrit (Ht) dan Hemoglobin (Hb) Results of Nile Tilapia (O.  niloticus) and 

Striped Catfish (P. hypophthalmus) 

The Hematokrit and Hemoglobin of Nile Tilapia 
(O.  niloticus) 

The Hematokrit and Hemoglobin of Striped Catfish 
(P. hypophthalmus) 

Sample 
Ht Standart Hb Standart Ht Standart Hb Standart 

(%) Ht (g/dl) Hb (%) Ht (g/dl) Hb 

Fish 1 21  7  44  8.6  

Fish 2 15 
(Osman et al., 

2018) 
6 

(Osman et al., 
2018) 

28 
(Yaghobi et al., 

2014) 
10 

(Yaghobi et al., 
2014) 

Fish 3 18 20.49 – 38.76 6.4 7 – 11.55 29 37 – 40 6 12.58 – 13.98 

Fish 4 16  5.8  38  6.8  

Fish 5 15  5.4  32  8.8  

Total 85  30.6  171  40.2  

Average 17  6.12  34.2  8.04  

Nile Tilapia (O. niloticus) and Striped Catfish (P. 
hypophthalmus) Hemoglobin  

Based on the results of research at Table 4, 
Tilapia’s hemoglobin values were below the 
normal range. According to Osman et al. (2018) 
the value of tilapia hemoglobin ranged from 7 - 
11.55 g/dl. According to Summarwar (2012), 
there was a remarkable decrease number in red 
blood cells, hemoglobin, and hematocrit from 
contaminated environments compared to 
unstained environments. 

The value of Striped Catfish ’s hemoglobin 
at Table 4 was being below the normal range. 
According to Yaghobi et al. (2013), hemoglobin 
values ranged from 12.58 to 13.98 g/dl. In 
addition, Daneshvar et al. (2012), stated that 
the main function of hemoglobin was to 
transport oxygen and was one of the 
parameters of fish health. The decrease in 
hemoglobin concentration could be caused due 
to fish infections within stressful conditions. 
Stress that occurred could be caused by the 
uncontrolled environmental conditions. 

Water Quality Parameters 
The average water quality parameters 

measured on Nile Tilapia’s fish ponds: pH 7.6; 
DO 2.32 mg/l; Temperature 30 °C. The above 
results showed that the value of DO (Dissolved 
Oxygen) was below the optimal range, while the 
pH and temperature were in the optimal range. 
According to Azim and Little (2008), water 
quality for Nile Tilapia was 6.7 of pH value within 
the range of 5 – 8.5; DO value was 6 mg/l within 
the range of 3 – 7.5 and for the temperature was 
28 °C within the range 26 - 30 °C. 

The average water quality parameters 
measured in Striped Catfish ’s ponds: pH 7.4; DO 
3.69 mg/l; temperature 31 °C. The water quality 
parameters for cultivation of Striped Catfish 
indicated that the pH value and temperature 
were above the optimal range, but it was still 
within the acceptable range. However, the 
value of DO was in the optimal range. According 
to a study conducted by Hekimoglu et al. (2014), 
the water quality range during the study 
showed a water pH of 6.52 - 7.1, dissolved 
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oxygen 2.59 - 4.24 mg/l and a temperature of 
28.1 - 29.9 °C. 

Conclusion 
Statistically, the results of erythrocyte cell 

and leucocyte cell count in Nile Tilapia and 
Striped Catfish by using Hematology Analyzer 
Tool Software were similar to manual 
calculation by using hand tally counter. 
Therefore, it could be concluded that the 
researcher's skill in calculating the number of 
erythrocytes and leucocytes was close to 
perfection. 

Fish health level could be referred to the 
hematological parameter values including the 
number of erythrocytes, the number of 
leukocytes, hematocrit, hemoglobin, and 
leukocyte differential. Based on the value of 
hematological parameters, the Nile Tilapia and 
Striped Catfish observed in this study were in 
unhealthy conditions. 

Suggestion 

In accordance to the results of the 
research, the researchers suggest to use 
Hematology Analyzer Tool Software for the 
calculation process of fish erythrocytes cells and 
leukocyte cells. 

Acknowledgement: 
1. The researchers expressed a sincere 

gratitude to the Director of Research and 
Community Service for funding this 
research through PTUPT UB for the fiscal 
year of 2018. 

2. Heny Suprastyani for suggestion and 
feedback on the research of these fish 
Hematology. 

3. Arizqi Faisol Haromain as the core research 
team using Hematology Analyzer Tool 
Software in Mojokerto, Pasuruan and 
Tuban. 

4. Achmad Noercholis dan Eddy Wijayanto for 
the permission usage and training of 
hematologi analyzer tool software. 

References 
Ariweriokuma, S. V., Gabriel, U. U., Deekae, S. 

N., dan Akrinrotimi, O. A. 2016. 
Hematological characteristics of African 
catfish (Clarias gariepinus) fed dietary 
inclusion levels of green leaf (Amaranthus 
cruentus). International Journal of 
Innovative Studies in Aquatic Biology and 
Fisheries. 2 (2): 11-22. 

Azim, M. E. dan D.C. Little. 2008. The biofloc 
technology (BFT) in indoor tanks: water 
quality, biofloc composition, and growth 
and welfare of Nile tilapia (Oreochromis 
niloticus). Aquaculture. 283 29-35. 

Daneshvar, E., M. Y. Ardestani, S. Dorafshan, 
dan M. I. Martins. 2012. Hematological 
parameters of Iranian cichlid Iranocichla 
hormuzensis – Coad, 1982 (Perciformes) in 
Mehran River. Annals of the Brazilian 
Academy of Sciences. 84 (4): 943-949. 

Dianti, l., s. b. Prayitno, and r. w. Ariyati. 2013. 

Innate Immune Deffence of carp (Cyprinus 

carpio) soaked jeruju leaf extract 

(Acanthus ilicifolius) against Aeromonas 

hydrophila bacteria infection. Journal of 

Aquaculture Management and 

Technology. 2 (4): 63-71. (in Indonesian). 

Guimaraes, I. G., C. Lim, M. Y. Aksoy, M. H. Li, 
dan P. H. Klesius. 2013. Effects of dietary 
levels of vitamin A on growth, 
hematology, immune response and 
resistance of Nile tilapia (Oreochromis 
niloticus) to Streptococcus iniae. Animal 
Feed Science and Technology. 188 126–
136. 

Hidayaturrahmah. 2015. The characteristics of 
the shape and size of the blood cells of 
anabas fish (Anabas testudineus) and 
Snake head (Chana sriata). Enviro 
Scienteae. 1 (1): 88-93. (in Indonesia). 



Maftuch Hematological Analysis of Nile Tilapia (Oreochromis niloticus) and ................................................  

 
 
 
 

Copyright © 2018 Universitas Brawijaya 
E-ISSN 2355-9926 

114 

Hekimoglu, M. A., C. Suzer, S. Saka, dan K. Firat. 
2014. Enzymatic characteristics and 
growth parameters of ornamental koi 
carp (Cyprinus carpio var. koi) larvae fed 
by Artemia nauplii and cysts. Turkish 
Journal of Fisheries and Aquatic Sciences. 
14 (1): 125-133. 

Ismail, H. T. H. and H. H. H. Mahboub. 2016. 
Effect of acute exposure to nonylphenol 
on biochemical, hormonal, and 
hematological parameters and muscle 
tissues residues of Nile tilapia 
Oreochromis niloticus. Veterinary World. 9 
(14): 616-625. 

Kumar, M. P., dan K. S. Ramulu. 2013. 
Haematological changes in Pangasius 
hypophthalmus infected with Aeromonas 
hydrophila. International Journal of Food, 
Agriculture andVeterinary Sciences. 3 (1): 
70-75. 

Maftuch, S. Andayani, N. Damayanti, W. 
Indriyani, A. A. Prihanto and L. W. Amalia. 
2017. Rearing Milkfish (Chanos chanos) In 
Cadmium and Lead Contaminated Pond 
and its Effect on Alteration of Gill, Liver 
and Kidney. Nature Environment and 
Pollution Technology An International 
Quarterly Scientific Journal. Vol. 16. No. 3. 
Pp 911-916. 

Mazrouh, M. M., E. M. Amin, M. A. Hegazi, K. A. 
Hussein, dan Z. I. Attia. 2015. Some 
hematological parameters and blood 
picture of Oreochromis niloticus in 
Manzalah Lake, Egypt. Journal of 
Environmental Science, Toxicology and 
Food Technology. 9 (5): 11-19. 

Musa, S. M., C. A. Aura, E. O. Ogello, R. Omondi, 
H. Charo-Karisa, dan J. M. Munguti. 2013. 
Haematological response of African 
catfish (Clarias gariepinus Burchell 1822) 

fingerlings exposed to different 
concentrations of Tobacco (Nicotiana 
tobaccum) leaf dust. ISRN Zoology. 1-7. 

Noercholis, A., M. A. Muslim, dan Maftuch. 
2013. Ekstraksi fitur roundness untuk 
menghitung jumlah leukosit dalam citra 
sel darah ikan. Jurnal EECCIS. 7 (1): 35-40. 
(in Indonesian). 

________, and e. t. Wijaya. 2015. Image 
processing on a microscopic image of 
erythrocytes with the haemocytometer to 
count the number of erythrocytes in 1 
mm3 of blood fish. National seminar 
"innovations in design and technology". 
59-66. (in Indonesian). 

Osman, A. G.M., K. Y. AbouelFadl, A. E. B. M. A. 
E. Reheem, U. M. Mahmoud, W. Kloas, 
dan M. A. Moustafa. 2018. Blood 
biomarkers in Nile tilapia Oreochromis 
niloticus niloticus and African catfish 
Clarias gariepinus to evaluate water 
quality of the River Nile. Journal of 
Fisheries Sciences. 12 (1): 01-15. 

Pimpimol, T., K. Phoonsamran dan C. Chitmanat, 
2012. Effect of dietary vitamin C 
supplementation on the blood 
parameters of mekong giant catfish 
(Pangasianodon gigas). Int. J. Agric. Biol. 
14 (2): 256–260. 

Sayed, A. E. H. dan R. H. Moneeb. 2015. 
Hematological and biochemical 
characters of monosex tilapia 
(Oreochromis niloticus, Linnaeus, 1758) 
cultivated using methyltestosterone. The 
Egyptian German Society for Zoology. 72 
36-42. 

Siakpere, O. K., Ogbe M. G., dan Ikomi R. B. 
2009. Haematological response of the 
African catfish: Clarias gariepinus 



Maftuch Hematological Analysis of Nile Tilapia (Oreochromis niloticus) and ................................................  

 
 
 
 

Copyright © 2018 Universitas Brawijaya 
E-ISSN 2355-9926 

115 

(Burchell, 1822) to sublethal 
concentrations of potassium 
permanganate. Scientific Research and 
Essays. 4 (5): 457-466. 

Simanjuntak, S. B. I., I. Indarmawan, dan E. S. 
Wibowo. 2018. Impact of fed containing 
different levels of diets supplementation 
Spirulina platensis on growth, 
haematological, body composition and 
bichemical parameters, of Gurami 
(Osphronemus gouramy). Turkish Journal 
of Fisheries and Aquatic Sciences. 18: 681-
690. 

Summarwar, S. 2012. Comparative 
heamatological studies of Clarias 
batrachus in Bisalpur reservoir and 
Pushkar lake. Indian J Fundamental 
Applied Life Sci. 2 230-233. 

Tamamdusturi, R. Widanarni, dan M. Yuhana. 
2016. Administration of 
microencapsulated probiotic Bacillus sp. 
NP5 and prebiotic mannan 
oligosaccharide for prevention of 

Aeromonas hydrophila infection on 
Pangasianodon hypophthalmus. Journal 
of Fisheries and Aquatic Science. 11 (1): 
67-76. 

Vhatkar, A., B. Chavan, dan K. P. Prasad. 2016. 
Study of hematological parameters in 
catfish Pangasianodon hypophthalmus 
fed with probiotics supplemented diets. 
International Journal of Science and 
Research. 5 (8): 1865-1868. 

Yaghobi, M., S. Dorafshan, F. P. Heyrati, dan N. 
Mahmoudi. 2013. Growth performance 
and some haematological parameters of 
ornamental striped catfish 
(Pangasianodon hypophthalmus) fed on 
dietary nucleotide. Iranian Journal of 
Veterinary Research. 15 (3): 262-265. 

Zuhrawati, N. A. 2014. The influence of rising 
temperatures towards the levels of 
hemoglobin and value hematokrit fish 
tilapia (Oreocrhomis niloticus). Journal of 
Medical Veterinaria. 8 (1): 84-86. (in 
Indonesia).

 


