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Aquaculture is one of the fast-growing food industries in the world. 

However, this industry is hampered by diseases. The present study aimed to 

determine the effect of ginger powder on the haematology of the Nile 

tilapia, Oreochromis niloticus, and resistance to A. hydrophila infection. A 

completely randomized design was used for the experiment. A total of 300 

healthy live experimental Nile tilapia individuals, with 20 ± 1.00g body 

weight and 11.06 ± 0.08cm body lengths, were randomly divided into five 

treatment glass aquariums. Each experiment was conducted in triplicates, 

representing four treatments (3, 5, 8 and 12 g ginger/kg diet) and one control 

(0.00 ginger/kg diet). After eight weeks of feeding trial, 0.2ml of 

Aeromonas hydrophila culture containing 1.0 × 10
7
 CFU/ml (LD50) was 

given by intraperitoneal (IP) injection. Blood samples were collected before 

and after the bacterial infection of the fish for haematological analysis. The 

result showed that blood parameters of Oreochromis niolticus in all ginger 

concentrations were significantly higher compared to the control diet before 

infection (P< 0.05). Oriochromis niloticus fed a diet at a concentration of 5 

g ginger/kg showed the highest red blood cell (RBC), haematocrit value, 

haemoglobin content, mean corpuscular haemoglobin (MCH), mean 

corpuscular haemoglobin concentration (MCHC), white blood cell (WBC), 

lymphocytes and monocytes. Erythrocyte sedimentation rate (ESR), mean 

corpuscular volume (MCV), WBC, neutrophils and monocytes showed 

significant increment, while RBC, haemoglobin content, haematocrit value, 

MCH, MCHC, and lymphocytes decreased significantly after infection (P< 

0.05). The results also revealed that the Oriochromis niloticus treated with 

5, 8 and 12 g/kg of ginger showed a decrease in mortality rates, compared to 

the control diet after infection. The fish fed 5g/ kg of ginger had the highest 

survival rate (81.66%). In conclusion, 5 g/kg of ginger had positive effects 

on Oriochromis niloticus innate immunity system and prevented Aeromonas 

hydrophila infection. Therefore, the use of 5 g/kg dietary ginger powder in 

the diet of Oriochromis niloticus  juvenile is recommended.  
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 INTRODUCTION  

 

Rapid population growth, urbanization and rise in income increase the demand for food 

(FAO, 2019). Fish play a significant role in food security and good nutrition (Beveridge 

et al., 2013).  Fish provided 17% of the global population’s intake of animal protein 

(FAO, 2014). In freshwater aquaculture, tilapias are the most farmed tropical fish species 

in the world after carp because of their suitability for aquaculture, good marketability and 

stable prices (Waite et al., 2014; Wang & Lu, 2016).  The Nile tilapia, Oriochromis 

niloticus, can be easily cultivated in freshwater (FAO, 2015). However, the production of 

aquaculture in general and tilapia culture, in particular, is hampered by diseases-causing 

microorganisms (Van Hai, 2015).  

Bacterial infection is one of the most significant threats to successful Nile tilapia 

production. Aeromonas spp. have been identified as the major causative bacteria 

threatening the Nile tilapia (Baumgartner et al., 2017). Aeromonas spp. are widespread 

in untreated and treated water. The occurrence of diseases by Aeromonas spp. is related 

to stress conditions such as overcrowding and poor water quality. Aeromonas hydrophila, 

one of Aeromonas spp. is a major fish pathogen known to infect a variety of fishes, 

predominantly present in freshwaters. A. hydrophila infection in Oreochromis niloticus 

has caused severe disease outbreaks causing 60% mortality (Hardi et al., 2017). This 

decline in fish production affects the protein supply of aquaculture and the economy of 

the world (Nugroho et al., 2017). Stress is frequently considered one of the factors 

contributing to disease outbreaks by these bacteria (Laleh et al., 2015). Skin redness, 

ulcers, swelling of tissues, haemorrhage and necrosis of the visceral organs are the major 

symptoms of the infected Nile tilapia by A. hydrophila (Yardimci & Aydin, 2011).  

Antibiotics have been used to prevent and treat bacterial diseases in fish. However, the 

use of antibiotics in aquaculture for disease control lead to problems with microbial 

resistance and unacceptable residues in aquaculture products and the environment. The 

resistant bacterial strains could hurt the therapy of fish diseases or human diseases, and 

the environment of fish farms increases the accumulation of chemicals in fish, which is 

not safe for a human being as the final consumer (Heuer et al., 2009). Therefore, there is 

a need to find an alternative to antibiotics to control bacterial diseases of fish including 

the Nile tilapia.  

Medicinal plants in aquaculture can be used as an alternative to antibiotics. Out of fifteen 

medicinal plants tested, ten (66.67%) species showed an antibacterial effect against A. 

hydrophila (Chowdhuryl & Rahman, 2008). They can be given to fish through 

intraperitoneal injection to improve their health status of fish and protect against 

infectious diseases (Bulfon et al., 2015; Awad & Awad, 2017; Reverter et al., 2017).  

 Medicinal Plant such as ginger (Zingiber officinale), garlic (Allium sativum), oyster 

mushroom (pleurotus ostreatus), oats (Avena sativa), beetroot (Beta vulgaris) and 

moringa (Moringa oleifera) among others have been used alternatives to antibiotics 

(Bichi et al., 2012; Bilen et al., 2016; Devi et al., 2016; Skariyachan et al., 2016). They 

produce secondary metabolites (Ravikumar et al., 2012; Van Hai, 2015). Ginger 

(Zingiber officinale) for instance produces secondary metabolites such as alkaloids, 

steroids, flavonoids, gingerols, zingerone, carotenoids, vitamins and polyphenols, which 

have antibacterial, antifungal, anti-inflammatory and antioxidant effects on fish (Stoner, 

2013; Nile & Park, 2015). Ginger is also effective as an immunomodulatory agent in 
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fish and helps to reduce the loss in aquaculture owing to diseases (Apines-Amar et al., 

2012). Nenerthe;ess, ginger added to fish feed is often made through its ethanolic extract, 

which may lead to a reduction of some chemical compounds at the filtration stage. Thus, 

the objective of this study was to determine the effect of ginger powder on the 

haematology of Nile tilapia and resistance to A. hydrophila infection. 

 

    MATERIALS AND METHODS  

 

         Experimental fish and design 

A completely randomized design (CRD) was used for the experiment. A total of 

fifteen experimental glass aquaria (65 × 40 × 50 cm) were used for the experiment. The 

water level was maintained at a volume of 40 litters throughout the study period. A total 

of 300 healthy live Nile tilapia of 20 ± 1.00 g body weight and 11.06 ± 0.08 cm lengths 

were taken from the Research Centre, Hawassa University, Ethiopia and  randomly 

assigned to five treatment glass aquariums in the biology laboratory, Hawassa University. 

Each experiment was done in triplicates, representing four treatments and one control. 

Each replicate contained 20 fish. The fish were acclimatized before the experiment and 

fed commercial feed for 2 weeks three times daily until apparent satiation. At the end of 

two weeks, (after acclimatization) fish in each group were fed different concentrations of 

ginger three times at a level of 3% of body weight daily for 10 weeks (through 

experimental periods). Control diet fishmeal was free from ginger. Settled fish wastes of 

aquarium water were daily siphoned. Siphoned water was replaced by clean and aerated 

water from the storage tank. Water temperature (25.0 ± 2.0ºC), dissolved oxygen 

concentration (5.6 ± 0.15 mg l-1), and pH level (6.8 ± 0.2) were monitored once a week 

with a YSI 556(r) multi-probe system (YSI Environmental, Yellow Spring, OH, USA). 

        Preparation of feed 

The fresh ginger (Zingiber officinale) rhizome used for the feeding trial was 

purchased from the local market in Hawassa, Ethiopia. It was dried under shade for one 

week. The dried ginger was ground to powder, homogenized, and then sieved using a 

hand sieve.  Then different concentrations of ginger (3, 5, 8, and 12 g ginger/kg) and fish 

meal content were transformed into pellet form by a food grinder and stored at −3ºC 

before feeding.  

        Challenge test  

A. hydrophila that had previously been isolated from the Nile tilapia of Lake 

Hawassa was grown in TSA at 28°C for 18 hrs. The bacteria suspension was adjusted to 

1 × 10
7
 CFU/ml in phosphate buffer saline using the McFarland scale. This concentration 

was obtained in a previous LD50 trial. In sum, three groups of 30 fish were infected with 

0.2 ml  A. hydrophila (1×10
4
; 1×10

6,
 and 1×10

7
 CFU/ml), and mortality was recorded for 

15 days. The LD50 was calculated according to Plumb and Bowser (1983). At the end 

of the 8 week- feeding trial, fish were challenged with pathogenic A. hydrophila.  A 0.2 

ml of A. hydrophila culture containing 1.0 × 10
7
 CFU/ml (LD50) was given by 

intraperitoneal (IP) injection, using a 21/gauge sterile needle (Schaperclaus et al., 1992). 

Twenty-four hours after injection, fish were fed the same experimental diet as in the 

feeding trial for 15 days of the challenge period, and any clinical symptoms were 

recorded. The dead fish were daily removed, and mortality was confirmed by re-isolating 
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the microorganism from the internal organs of the dead fish. Survival rates of the Nile 

tilapia were computed in percentages as follows:  

Survival rate (%) = Nf × 100/Ni 

Where, Nf = Number of cultured fish alive at the end of the experiment, and  

Ni = Number of cultured fish stocked at the beginning of the experiment  

        Blood collection and haematological examination  

Blood samples were collected in the early morning hours before and after bacterial 

infection of the fish for haematological analysis. Three fish from each replicate were 

sampled and anesthetized with 50 mg l
-1

of tricaine methanesulfonate (MS222, Sigma 

Chemical Co. St. Louis, MO, USA), and then blood samples were collected from the 

caudal peduncle with the use of a 5 ml syringe and needle which was treated with heparin 

to prevent clotting and transferred to sampling bottles, containing ethylene diamine tetra-

acetic-acid (EDTA). After the collection, blood samples were taken to the Veterinary 

laboratory in Hawassa University, where the haematological analysis was carried out. 

Blood was analyzed with routine methods adopted in fish haematology (Blaxhall & 

Daisley, 1973; Haghighi, 2010). The total erythrocyte count (RBC×10
6
/µl) and total 

leukocyte count (WBC ×10
3
/µl) were determined manually using a Neubauer's 

haemocytometer, with Hayem solution as a diluent. The haematocrit percentage was 

determined in duplicate by using microhaematocrit-heparinized capillary tubes of 75 µl 

volume and a microhaematocrit centrifuge at 15000 g for 5min (Goldenfarb et al., 

1971). For the determination of haemoglobin concentrations Sahli’s method was used. 

The values of haemoglobin were expressed as g/dilution (Campbell, 2015). The values 

of red blood cell indices of mean corpuscular volume (MCV fl), mean corpuscular 

haemoglobin (MCH pg) and mean corpuscular haemoglobin concentration (MCHC g/dl) 

were calculated according to Wintrobe (1993). WBC such as neutrophils, lymphocytes, 

and monocytes was performed by the diluent/dye direct method outlined by Nat and 

Herrick (1952) in a Neubauer chamber at a dilution of 1:100.  

        Statistical analysis  

Data obtained were expressed as mean ± standard error of the mean. The results 

were analyzed with a one-way analysis of variance (ANOVA), using SPSS (Statistical 

Package for Social Science 2006, version 22). Differences at P< 0.05 were regarded as 

statistically significant. Data were presented as mean ± SE before and after the challenge 

test. 

 

    RESULTS  

 

      Clinical symptoms  
       After 36 hrs of infection with A. hydrophila, the Nile tilapia showed clinical 

symptoms such as exophthalmia, fin rot and swelling of tissues, redness of skin and 

haemorrhage (Fig. 1). The dead fish showed severe congestion in the abdominal area and 

a protruded vent due to the  of fluid in peritoneal cavity. 
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A B  

C D  

Fig. 1. Clinical symptoms of the Nile tilapia after infection with A. hydrophila displaying: (A) Exophthalmia; (B) Fin 

rot and swelling of tissues, and (C) Redness of skin (D)haemorrhage  

       Diseases resistant 

        Survival and mortality rate results of the Nile tilapia challenged with A. hydrophila 

are presented in Fig. (2). Results revealed that the addition of ginger to the O. niloticus 

diet enhances the body's health and resistance to infection with A. hydrophila. The fish in 

the treatment trial with 5 g/kg ginger had the highest survival rate (81.66%), compared to 

the other ginger concentration. The highest mortality was recorded in the control group 

(70%), followed by the 3 g Z. officinale/kg diet (66.7%) and 12 g Z. officinale/kg diet 

(55%). 
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             0.00                3              5                  8                12   (g Z. officinale /kg)  
Fig. 2. Resistance of Oreochromis niloticus after challenged test with Aeromonas  hydrophila 

         The effect of ginger powder on haematological parameters of O. niloticus 

           The haematological parameter results of O. niloticus are shown in Tables (1, 2). 

Blood parameters of O. niolticus in all ginger concentrations were significantly different 

(P< 0.05), except MCV, MCH and MCHC (P> 0.05) from the control diet before and 

after infection with A. hydrophila. The Nile tilapia (O. niloticus) fed a diet at a 

concentration of 5g of Z. officiale/kg feed had significantly the highest RBC, haematocrit, 

haemoglobin, WBC and lymphocytes value, while the ginger at a concentration of 12g of 

Z. officiale/kg feed recorded significantly the lowest WBC, lymphocytes, neutrophils and 

monocytes value before and after infection with A. hydrophilus. ESR and MCV showed 

increment, while MCH and MCHC decreased after infection of O. niloticus with A. 

hydrophila (Table 1) 

Table 1. Mean values of haematological parameters; red blood cells (RBCs), haematocrit value,  haemoglobin (Hb) 

content, erythrocyte sedimentation rate (ESR), mean corpuscle volume (MCV), mean corpuscular haemoglobin (MCH) 

and mean corpuscular haemoglobin concentration (MCHC)] of Nile tilapia (O. niloticus) fed different concentrations of 

ginger (0.0, 3, 5, 8 and 12g of Z. officinale/kg feed). 

Variable Experimental diet Before infection After infection 

RBC (10
6
/mm

3
 ) 0.0 g Z. officinale/kg feed  (control) 3.0± 0.26

bB
 1.27±0.06

aA
 

3 g Z. officinale/kg feed   3.04±0.00
cB

 1.43±0.1
bA

 

5 g Z. officinale/kg feed   3.87±0.15
eB

 3.55±0.11
eA

 

8 g Z. officinale/kg feed   3.11±0.06
dB

 2.77±0.12
dA

 

12 g Z. officinale/kg feed   2.92±0.05
aB

 2.10±0.93
cA

 

Haematocrit (%) 0.0 g Z. officinale/kg feed  (control) 36.71±0.22
bB

 20.52±0.53
aA

 

3 g Z. officinale/kg feed   37.68±0.16
cB

 21.77±0.77
cA

 

5 g Z. officinale/kg feed   40.70±0.2
eB

 37.59±0.21
eA
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Table 1. continued 

 

Variable 

 

Experimental diet 

 

Before infection 

 

After infection 

 8 g Z. officinale/kg feed   38.14±0.08
dB

 31.57±0.06
dA

 

12 g Z. officinale/kg feed   36.15±0.08
aB

 20.96±0.56
bA

 

Haemoglobin (g/dl) 

 

0.0 g Z. officinale/kg feed  (control) 7.59±0.17
bB

 3.69±0.21
bA

 

3 g Z. officinale/kg feed   7.64±0.2
cB

 4.21±0.49
cA

 

5 g Z. officinale/kg feed   9.12±0.1
eB

 7.29±0.53
eA

 

8 g Z. officinale/kg feed   8.05±0.03
dB

 5.66±0.11
dA

 

12 g Z. officinale/kg feed   7.50±0.04
aB

 3.58±0.07
aA

 

ESR (mm/hr)  

 

0.0 g Z. officinale/kg feed  (control) 5.61±0.12
dA

 8.68±0.05
dB

 

3 g Z. officinale/kg feed   5.19±0.07
bA

 8.72±0.13
eB

 

5 g Z. officinale/kg feed   4.68±0.08
aA

 5.55±0.22
aB

 

8 g Z. officinale/kg feed   5. 85±0.09
eA

 7.33±0.10
bB

 

12 g Z. officinale/kg feed   5. 41±0.12
cA

 8.65±0.21
cB

 

MCV(fl) 

 

0.0 g Z. officinale/kg feed  (control) 121.18±0.98
cA

 133.44±7.41
aA

 

3 g Z. officinale/kg feed   123.69±1.15
dA

 130.48±4.39
aA

 

5 g Z. officinale/kg feed   105.1±4.52
aA

 119.26±1.13
aA

 

8 g Z. officinale/kg feed   117±8.26
bA

 121.14±4.67
aA

 

12 g Z. officinale/kg feed   123.85±2.18
eA

 134.29±13.05
aA

 

MCH(pg) 

 

0.0 g Z. officinale/kg feed  (control) 22.97±1.67
aA

 25.06±0.78a
A
 

3 g Z. officinale/kg feed   24.25±0.47
dA

 25.09±0.81
aA

 

5 g Z. officinale/kg feed   25.52±1.14
eA

 23.54±0.67
aA

 

8 g Z. officinale/kg feed   23.14±0.64
cA

 25.91±0.59
aB

 

12 g Z. officinale/kg feed   23.79±0.61
bA

 25.69±0.55
aA

 

MCHC (g/dl) 

 

0.0 g Z. officinale/kg feed  (control) 20.68±0.57
bB

 16.84±0.05
aA

 

3 g Z. officinale/kg feed   20.30±0.46
aB

 18.93±0.64
bA

 

5 g Z. officinale/kg feed   22.41±0.34
eA

 21.36±0.52
eA

 

8 g Z. officinale/kg feed   21.11±0.08
dB

 19.04±0.57
cA

 

12 g Z. officinale/kg feed   20.74±0.13
cA

 19.46±0.62
dA

 

Mean ± standard deviation followed by different superscript letters (a, b, c, d)  in the same column in each treatment 

trial is significantly different at P< 0.05. Capital letters (A, B) in the same row indicated significant difference at P< 

0.05 before and after infection of the Nile tilapia with A. hydrophila. 
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WBCs, lymphocytes, neutrophils and monocytes of O. niloticus were significantly higher 

than those of the control group before infection of O. niloticus with A. hydrophila and 

their results are presented in Table (2). WBC was significantly different in all treatments 

both before and after infection (P< 0.05). WBC was dominated by lymphocytes (23.18 ± 

0.16-27.73 ± 0.15 10
3
/μl), followed by neutrophils (5.22 ± 0.47-7.06 ± 0.23 10

3
/μl) and 

monocytes (4.26 ± 0.16- 6.88 ± 0.08 10
3
/μl) after infection of O. niloticus with A. 

hydrophila (Fig. 3 & Table 2).  

  
Fig. 3. Different types of white blood cell (a) lymphocyte, (b) neutrophils and  

               (c) monocyte 

Table 2. Mean values of haematological parameters [white blood cells (WBCs), lymphocytes, neutrophils and 

monocytes] of Nile the tilapia (O. niloticus) fed different concentrations of ginger (0.0, 3, 5, 8 and 12g of Z. officinale 

/kg of feed) 

Variable Experimental diet Before infection After infection 

WBC(10
3
/mm3 ) 

 

0.0 g Z. officinale/kg feed  (control) 33.72±0.23
aA

 44.37±0.12
bB

 

3 g Z. officinale/kg feed   40.30±0.12
cA

 45.91±0.75
dB

 

5 g Z. officinale/kg feed   43.38±0.13
eA

 45.51±0.12
cB

 

8 g Z. officinale/kg feed   41.37±0.09
dA

 53.49±0.06
eB

 

12 g Z. officinale/kg feed   38.75±0.07
bA

 44.29±0.30
aB

 

Lymphocyte (10
3
/μl) 

 

0.0 g Z. officinale/kg feed  (control) 27.23±017
bB

 23.34±0.90
bA

 

3 g Z. officinale/kg feed   27.63±0.09
cB

 24.56±0.23
cA

 

5 g Z. officinale/kg feed   30.19±0.13
eB

 27.73±0.15
eA

 

8 g Z. officinale/kg feed   28.37±0.04
dB

 25.21±0.48
dA

 

12 g Z. officinale/kg feed   25.09±0.06
aB

 23.18±0.16
aA
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Table 2. continued… 

Variable Experimental diet Before infection After infection 

Neutrophil(10
3
/μl) 

 

0.0 g Z. officinale/kg feed  (control) 3.44±0.08
cA

 5.21±0.08
bB

 

3 g Z. officinale/kg feed   3.33±0.07
bA

 5.48±0.05
cB

 

5 g Z. officinale/kg feed   4.54±0.09
eA

 7.06±0.23
eB

 

8 g Z. officinale/kg feed   4.22±0.10
dA

 5.81±0.14
dB

 

12 g Z. officinale/kg feed   3.30±0.12
aA

 5.22±0.47
aB

 

Monocytes(10
3
/μl) 

 

0.0 g Z. officinale/kg feed  (control) 1.38±0.03
aA

 4.69±0.21
aB

 

3 g Z. officinale/kg feed   2.86±0.05
bA

 5.58±0.05
dB

 

5 g Z. officinale/kg feed   3.61±0.04
dA

 6.88±0.08
cB

 

8 g Z. officinale/kg feed   3.05±0.05
cA

 5.66±0.21
eB

 

12 g Z. officinale/kg feed   2.85±0.06
bA

 4.26±0.16
bB

 

Mean ± standard deviation followed by different superscript letters (a, b, c, d, e)  in the same column in each treatment 

or prevention trial showed a significant difference at P< 0.05. Capital letters (A, B) in the same raw indicated 

significant difference at P< 0.05 before and after infection of the Nile tilapia with A. hydrophila 

DISCUSSION 

 

Medicinal plants have been used for diseases resistance in fish due to the active 

phytochemicals such as alkaloids, terpenoids, tannins, saponins, glycosides, flavonoids, 

phenolics, steroids or essential oils (Reverter et al., 2014). In the present study, the effect 

of Z. officinale powder on the haematological parameters of the Nile tilapia and its 

resistance to A. hydrophila infection was determined. It was observed that all 

concentrations of the ginger-supplemented diet exhibited significantly higher values of 

RBC, compared to fish fed the control diet. The study of Ferri-Lagneau et al. (2012) 

demonstrated that ginger extract stimulated haematopoiesis in fish, which could explain 

the present result. Ginger also contains antioxidant that protects the RBC against 

haemolysis by free radicals (Mohammed et al., 2020). The result also showed that the 

RBC of the Nile tilapia infected with A. hydrophila in the control diet and all ginger-

supplemented diets decreased significantly (P< 0.05). Similar to the present study, 

Talpur et al. (2013) and Hardi et al., (2016) reported that the RBC was decreased in 

tilapia infected with A. hydrophila. Decreased RBC counts indicate that erythrocytes are 

being affected or destroyed by the infection. The changes in fish haematology are  

expected for fish infected with diseases (Hrube & Smith, 2010).  

Haematocrit value (or packed cell volume) is the simplest measure of erythrocyte 

content in blood as a percentage of erythrocytes in blood volume. In the current study, the 

percentage of haematocrit was 36.71 ± 0.22 % (0.00 g/kg), 37.68 ± 0.16 % (3 g/kg), 

40.70 ± 0.2 % (5 g/kg), 38.14 ± 0.08 % (8 g/kg) and 36.15 ± 0.08% (12 g/kg) before 

infection of the Nile tilapia with A. hydrophila,  and  20.52 ± 0.53% (0.00 g/kg), 21.77 ± 

0.77 % (3 g/kg), 37.59 ± 0.21% (5 g/kg), 31.57 ± 0.06 % (8 g/kg) and 20.96 ± 0.56 % (12 
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g/kg) after infection, respectively. This indicates that the percentage of haematocrit value 

significantly declined after the Nile tilapia was infected with A. hydrophila (P< 0.05). 

This shows that haematocrit value was affected by bacterial infection and developed an 

anaemic state. In this context, Brum et al. (2017) described the anaemia of the Nile 

tilapia fed diets supplemented with 10 g/kg of ginger essential oil.  

Haemoglobin content is directly related to the oxygen-binding capacity of the 

blood. Therefore, it is crucial for the survival of fish. The results of the current study 

indicate that haemoglobin contents increase significantly in ginger-treated Nile tilapia, 

compared to the control diet; these findings coincide with the results of Haghighi and 

Rohani (2013), Chelladuria et al. (2014) and Kanani et al. (2014). Ginger showed a 

significant difference in haemoglobin before and after infection of the fish (P< 0.05; 

Table 2). There was a significant decrease in haemoglobin after infection of fish with A. 

hydrophila. This may be due to an increased rate of breakdown of RBC by pathogenic 

bacteria and/or a reduction in the rate of formation of RBC (Ayotunde et al., 2011). 

According to Lie et al. (1989), the haemoglobin content decreases due to RBC swelling 

and poor haemoglobin mobilization of the spleen and other haematopoiesis organs. In the 

present study, the significant reduction of haemoglobin after infection of fish could be the 

result of severe anaemia. The anaemic response could be a result of destruction of 

intestinal cells involved in the production of vitamin B12 used in the production of the 

haemoglobin portion of the red cells (Gardner & Yevich, 1970), haemodilution 

(Sampath et al., 1993) or the disruption in erythrocyte production (Omoregie, 1995), . 

The present result disagrees with the result of Brum et al. (2017) who reported no 

significant effect of ginger oil on the haemoglobin of the Nile tilapia. 

The erythrocyte sedimentation rate (ESR) is a common haematology test that may 

indicate and monitor an increase in inflammatory activity within the body caused by one 

or more conditions such as autoimmune disease, infections, or tumours. The current study 

showed that the ESR of O. niloticus was significantly increased after the fish were 

infected with A. hydrophila. Blaxhall and Daisley (1973) stated the values are usually 

raised with increased tissue destruction as in acute infection and heavy metal poisoning 

among others. In the current study, the maximum value of MCV was recorded with 12 

g/kg ginger supplemented diet. The results also showed that the application of powdered 

ginger with varying concentrations significantly increased MCV and MCH (P< 0.05), 

while significantly decreasing the value of MCHC after infection of the Nile tilapia with 

A. hydrophila, except 5 g/kg and 12 g/kg ginger- supplemented diet. Similar to this study, 

Haniffa and Mydeen (2010) demonstrated that, catfish (Silurus asotus) exhibited a 

decrease in MCHC during A. hydrophila infection. But contrarily to the present study, 

Stanley et al. (2017) reported no significant difference (P> 0.05) for MCV, MCH and 

MCHC at varying concentrations of powdered ginger. Significant increases or decreases 

in red cell indices may indicate macrocytic or microcytic anaemia. In the current study, 

microcytic anaemia was observed. 

WBC plays a crucial role in the protection of diseases caused by pathogenic 

organisms (Harikrishnan & Balasundaram, 2005). WBC counts in the Nile tilapia fed 

different concentrations of ginger powder were significantly higher, compared to the 

control group (P< 0.05). Similar to the present study, Haghighi and Mostafa (2013) 

reported that, a fish fed ginger-supplemented diet showed a significant immune-

stimulatory effect and increased RBC, haematocrit value and WBC values when 
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compared to the control (P< 0.05). An increase in WBC was believed to be caused by the 

migration of white blood cells from the spleen to the blood circulation (Puisford et al., 

1994). According to Sutili et al. (2018), feeding fish with ginger-supplemented diets 

produces immunomodulatory effects. The current results revealed that WBC increased 

significantly in the Nile tilapia after infection with A. hydrophila (P< 0.05). This result 

agrees with those of a previous study, which recorded that the WBC increased to tackle 

the infection in tilapia infected with A. hydrophila (Hardi et al., 2016).  

Three types of WBC; namely, neutrophils, lymphocytes and monocytes were 

identified in the circulating blood of the Nile tilapia. The value of neutrophils was 

significantly increased in the ginger-supplemented diet, compared to the control diet (P< 

0.05). The maximum value of neutrophils 7.06 ± 0.23 10
3
/μl was recorded at the 

concentration of 5g of Z. official/kg diet after infecting the Nile tilapia with A. 

hydrophila. These results are in line with the results of a previous study, which found that 

fish treated with immunostimulants usually show enhanced phagocytic cell activities 

(Sakai, 1999). The results are supported by Talpur et al. (2013) who reported a 

beneficial effect of ginger, improving the immunity system of fish. The lymphocyte was 

the most common leukocyte observed in the current study. The number of lymphocytes in 

fish injected with A. hydrophila was significantly lower than those which were not 

infected (P< 0.05). Decreases in lymphocytes after infection of the Nile tilapia with A. 

hydrophila were associated with re-trafficking of cells to lymphoid tissues, which 

consequently leads to clearance of these cells from the bloodstream (Harris & Bird, 

2000). Blood monocytes contribute to tissue-resident macrophage populations during 

inflammatory conditions and the depletion of resident macrophages in their environment 

(Hashimoto et al., 2013). In the current study, the number of monocytes was 

significantly increased in the Nile tilapia fed ginger- supplemented diet after infection 

with A. hydrophila (P<0.05); this may be due to intensification of the cell defence 

mechanism (Tavares-Dias & Faustino, 1998). In addition, it was observed that the 

monocyte value of the Nile tilapia fed 5g/ kg of ginger was higher than samples fed 8 and 

12g/ kg. According to Citarasu (2010), the choice of herbs, their dose and time of 

application are very important for obtaining higher efficiency. 

There was no mortality of the Nile tilapia before infection with A. hydrophila. From 

this result, it can be suggested that ginger caused no harmful effect on fish, at least in our 

described experimental condition. Hence, it can be considered safe for use in fish feed. 

However, during 15 days of the bacterial challenge, mortality was observed. Fish 

mortality was recorded as early as 36hrs of an experiment for control fed. No mortality 

was recorded until the 3
rd

 day of the experimental period for a fish fed diet containing a 

different concentration of ginger.  In all treatments, mortality began to occur on day three 

post-challenged and continued until day twelve. The highest mortality rate (70%) was 

recorded for the control group, followed by those fed 3g/ kg (66.66%) and 12g/ kg (55%) 

ginger-supplemented diet, respectively. The lowest mortality rate (18.33%) was recorded 

for 5 g/kg ginger-suplimented diet. In line with this study, Payung et al. (2017) reported 

the highest mortality in the control diet, followed by a 3g/ kg ginger-supplemented diet, 

and the lowest mortality in the 5g/ kg ginger-supplemented diet. The increasing survival 

rate is related to the increased immune function of the fish. Increased fish immunity will 

result in increased fish resistance to pathogens. The addition of ginger (Z. officinale) 

extract in fish feed increases the resistance of fish to pathogens because ginger contains 
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ingredients that can improve the immune system of the fish (Payung et al., 2017).  

According to Nugroho et al. (2017), traditional herbs improve the immune response of 

fish by increasing granulocytes, macrophages, monocytes and neutrophils. In this respect, 

Maqsood et al. (2011) reported that immunostimulants enhanced the general defence 

system and decreased the mortality against pathogens and increased the viability rate. The 

results revealed that the Nile tilapia treated with 5, 8 and 12g/ kg of ginger showed a 

decrease in mortality rates, compared to the control diet after A. hydrophila infection. 

However, as the concentration of Z. officinale in fish feed increases, survival appeared to 

decrease. This indicates that excessive doses will have an immunosuppression effect that 

suppresses the immune system of the fish (Sakai 1999). 

In the present study, before the bacterial challenge, the Nile tilapia presented health 

characteristics within the normal parameters for the species. However, after two days of 

infection, the fish showed different clinical symptoms such as erratic swimming 

behaviour, redness of the skin, darkness on their dorsal body part, fluid accumulation in 

the scale of the pockets, swelling of tissues, ulcers, haemorrhage, necrosis and 

exophthalmia. Similar to the present result, Noor El–Deen et al. (2013) postulated that, 

bacteria caused acute mortality among infected fishes in which the most visible clinical 

signs included exophthalmia. Moreover, the present results agree with the findings of 

Kaleeswaran et al. (2012), Noor El-Deen et al. (2014) and Workagegn et al. (2021). 

 

     CONCLUSION 

 

The supplementation of ginger (Z. officiale) powder in the fish diet showed a 

significant additive benefit on the immune status of O. niloticus, compared to the control 

diet. Supplementation of ginger with the concentration of 5g/ kg diet provides better 

protection to O. niloticus against A. hydrophila infection. Hence, the use of 5g/ kg of 

dietary ginger powder in juvenile O. niloticus diet is recommended. 
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