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Abstract 
 

The study involved feeding lemongrass essential oil (LEO) supplements to red 
tilapia (Oreochromis sp.) at concentrations including Control - 0 mg, T1 – 200 mg, 
T2 – 300 mg, and T3 – 400 mg per kg of feed. The research investigated changes 
in hematological (HCT, Hb, RBC, WBC & thrombocytes) and erythrocyte’s 
morphological (major/minor axis; perimeter, and area of erythrocyte) parameters 
before infection, 5- and 10-days post-infection (DPI). According to analytical 
findings, a diet containing LEO enhanced the synthesis of both erythrocytes and 
leukocytes in the peripheral blood of red tilapia after 20 days of being used. 
Therefore, the indicators of this group of fish showed better performance than 
those that did not use LEO supplement five days after bacterial infection. Fish fed 
200 mg/kg of LEO after being challenged with S. agalactiae for ten days showed 
an improved effect on red blood cell production. White blood cells decreased at all 
concentrations because of citral’s immunomodulatory properties.  
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Introduction 
 

Tilapia is one of the potential commodities on the worldwide market since it meets the 
standard requirements, including having flesh that is moderately flavored, white, odorless, 
and easy to fillet (FAO, 2022). Furthermore, due to its adaptability to various farming 
systems and settings (FAO, 2022), cultivating and producing red tilapia is relatively easy, 
requires little expense, and requires no specific seed production technology (Nandlal & 
Pickering, 2004). This freshwater fish is also produced in large quantities, with global 
production in 2020 totaling more than 6 million tons, accounting for 4.98% of the total 
production of all aquatic species and placing it 6th among the top ten species of world 
aquaculture (FAO, 2022). However, the development and expansion of tilapia production 
are facing many difficulties due to disease due to infections caused by bacteria and 
parasites (Amal & Zamri-Saad, 2011). 

Streptococcus agalactiae is one of the common pathogens which causes hemorrhagic 
disease in red tilapia. This streptococcal disease in tilapia has negatively affected fish farms 
and is a serious economic problem as it significantly reduces worldwide tilapia production 
(Amal & Zamri-Saad, 2011). 

Tilapia is one of the potential commodities on the worldwide market since it meets the 
standard requirements, including having flesh that is moderately flavored, white, odorless, 
and easy to fillet (FAO, 2022). Furthermore, due to its adaptability to various farming 
systems and settings (FAO, 2022), cultivating and producing red tilapia is relatively easy, 
requires little expense, and requires no specific seed production technology (Nandlal & 
Pickering, 2004). This freshwater fish is also produced in large quantities, with global 
production in 2020 totaling more than 6 million tons, accounting for 4.98% of the total 
production of all aquatic species and placing it 6th among the top ten species of world 
aquaculture (FAO, 2022). However, the development and expansion of tilapia production 
are facing many difficulties due to disease due to infections caused by bacteria and 
parasites (Amal & Zamri-Saad, 2011). 

Antibiotics are the primary tool humans employ to prevent and control disease because 
they work quickly and effectively against various disease-causing bacteria. However, due 
to major concerns, including the development of bacterial strains that are resistant to 
antibiotics and the impact of antibiotic residues on consumer and environmental health 
(Smith et al., 1994; Cabello, 2006), it is believed that not a viable strategy to adopt this 
method of disease prevention. As a result, many researchers are becoming increasingly 
interested in and taking advantage of the plants extracted to replace antibiotics due to 
their exceptional benefit of reducing drug-resistant bacteria conditions and being non-toxic 
to both people and the environment. 

Many studies on the effects of plant extracts have been published, including knowledge 
of their ability to protect shrimp and fish from a variety of harmful bacterial species (Tan & 
Vanitha, 2004; Alsaid et al., 2010; Kareem et al., 2016). The mechanisms of antibacterial 
activity of plant extracts were researched and discovered, including increased cell 
permeability, cytotoxicity, gene silencing, cell filamentation, membrane disruption, 
genomic DNA binding, etc. (Nafiqoh et al., 2020). Considering how frequently it is used to 
treat illnesses, lemongrass is sometimes referred to as a herb. Naik et al., 2010) reported 
that low LEO can still impact antibiotic-resistant bacteria. The authors also concluded that 
LEO might be used instead of antibiotics to treat some resistant bacteria. The effects of 
LEO on animals’ hematological parameters change, particularly aquatic species, and its 
antibacterial efficacy against S. agalactiae has only been the subject of a small number of 
experimental research (Citarasu, 2010). 

The study aimed to evaluate the effects of a diet containing LEO of red tilapia through 
hematological indicators in the challenge with S. agalactiae causing hemorrhagic disease. 
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The results support information and a base for expanding plant extracts as an antibiotic 
alternative in seafood production. 

 
Materials and Methods 

 

Experimental animals 
At the Southern Freshwater Aquaculture Breeding Center in Tien Giang province, 160 

healthy red tilapia (approximately 2.5 months old) of unknown gender were acquired. The 
fish were kept in tanks measuring 200 × 80 × 60 cm (length × width × height). The 
experimental tanks used water that had been dechlorinated and aerated 24 hours every a-
day. 
 
Bacteria S. agalactiae 

S. agalactiae strain was provided by the Department of Fisheries, University of Agriculture 
and Forestry, Ho Chi Minh City. Bacteria were proliferated in Tryptone Soya Broth (TSB) 
medium at 28℃ for 24-48 hours. 
 
Feeds preparation 

The LEO used in the experiment was purchased at Heber Vietnam Co., Ltd. The results of 
chemical composition analysis by Gas chromatography/Mass spectrometry (GC/MS) from the 
LEO manufacturer included α-Citral and β-Citral, accounting for 55.2% and 44.8% of the total 
essential oil content, respectively. The food preparation method in this study was carried out 
as described by Silva et al. (2019). The desired LEO concentrations (200, 300, and 400 mg) 
were dissolved in 100 mL of cereal alcohol before the mixture was sprayed on one kilogram 
of feed. Then, they were dried for 24 hours at 25ºC and preserved at –18ºC until the feeding 
time. 
 
Experimental design 

The experiment was randomly arranged with four tanks (n=40 fish/tank) corresponding to 
the concentrations of essential oils used in the diet (Control, 200 – T1, 300 – T2, and 400 – 
T3 mg per one kg of feed). Red tilapias were grown steadily for 30 days, and after that, the 
experimental groups were fed a diet containing LEO for 20 days. Finally, all fish groups were 
infected with S. agalactiae. Fish blood samples were collected through 3 stages: stage 1, blood 
collection was performed after 20 days of feeding with LEO supplemented (before infection); 
stage 2, blood samples were conducted after five days of S. agalactiae infection; and stage 3 
was in the next five days of stage 2. 
 
Challenge with S. agalactiae  

Fish were infected by immersion in a 20L tank with a concentration of S. agalactiae of 106 
CFU/mL. Twenty fish were released into the tank for an hour, then removed and raised to the 
old tank and; replicated with the next twenty fish (Pirarat et al., 2015). 
 
Hematological analysis and erythrocytes size determination  

For hematological analysis, ten individuals were randomly selected from each treatment, 
and blood was collected from the caudal vein using a syringe containing an anticoagulant 
solution. The number of red blood cells was determined using a Neubauer counting chamber. 
HCT value was measured using the EZ Reader Microhematocrit card of LW Scientific after 
blood was centrifuged at 1200 rpm for 5 min. Hb was determined by the Sahli hemoglobin 
method. The white blood cell count was performed by Giemsa staining of blood smears, and 
the count was calculated following the equation of Hrubec et al. (2000). 
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RBC (cells/mm3) = the number of RBC in the five-count zones ×10000; 
WBC & thrombocytes (cells/mm3) = (number of WBC & thrombocytes of 1500 cells × 
number of RBC in 1 mm3 of blood)/1500. 

The dimension of erythrocytes (including the length of the major and minor axis) was 
determined by ImageJ 1.53a software on Giemsa staining slides. The area and perimeter of 
erythrocytes were determined using the formula for the area and perimeter of the ellipse 

(Chernyavskikh et al., 2018): Perimeter = 2𝜋%
!!""

"
#!#""

"

$
 and 𝑎𝑟𝑒𝑎	 = 	𝜋𝑎𝑏. Where a is the 

length of the axis and b is the length of the minor axis. 
 
Statistical analysis 

One-way ANOVA processed the investigated value on Minitab 18 software. The Turkey test 
performed differences between treatments and stages. The results are presented as Mean ± 
SD. 

Results 
 

The dimension parameters of erythrocytes 
Table 1 displays the change in erythrocyte size after feeding a diet with LEO, as 

determined by the major axis, minor axis, perimeter, and area of red blood cells. Fish fed 
400 g/kg of LEO were found to have the greatest value for the dimension parameters of 
erythrocytes. Therein, the minor axis value at T3 was not statistically significant (p>0.05) 
higher than the control, leading to an identical perimeter and area of erythrocyte in T3 and 
control. Compared to fish that did not consume a diet containing LEO, fish in T1 and T2 
had mean values of the major axis, perimeter, and area of red blood cells that were 
statistically substantially smaller. Additionally, there was no difference between these two 
groups of fish. 

 
Table 1 The dimension parameters in erythrocyte cells of red tilapia after being fed LEO 

supplements in the diet 
Parameters Control T1 T2 T3 

Major axis (µm) 10.18±1.16b 9.75±0.89c 9.82±0.82c 10.35±1.00a 

Minor axis (µm) 7.97±3.52a 7.68±0.81b 7.87±1.11ab 8.08±0.88a 

Perimeter (µm) 28.87±7.72a 27.62±1.96b 28.01±2.48b 29.23±2.25a 

Area (µm2) 258.33±140.80a 235.23±34.31b 243.82±4.21b 262.90±40.45a 

a, b, c shows the significant difference in rows (p<0.05) 
 
Following S. agalactiae infection on red tilapia, the morphological indices of 

erythrocytes in fish that did not consume the LEO-containing feed are recorded in Table 
2. After five days of S. agalactiae challenge in fish not on the LEO diet, the size indices of 
the large and small shafts decreased by 11% and 15.81%, respectively, in comparison to 
the fish before infection (10.18 and 7.97 µm), which resulted in a corresponding decrease 
in the perimeter and area of red blood cells at this time. In contrast, red tilapia infected at 
ten days showed a significant increase compared to the uninfected time for all the 
dimension parameters of erythrocytes. 
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Table 2 The dimension parameters in erythrocyte cells after five days and ten days of challenge with 

S. agalactiae (three-stage on Control groups) 

Parameters Before infection 5 DPI 10 DPI 

Major axis (µm) 10.18±1,16b 9.06±0,75c 10.84±0,80a 

Minor axis (µm) 7.97±3,52b 6.71±0,82c 9.02±0,93a 

Perimeter (µm) 28.87±7,72b 25.09±1,90c 31.35±2,35a 

Area (µm2) 258.33±140,80b  191.37±31,13c 308.20±48,73a 
a, b, c shows the significant difference in rows (p<0.05); DPI: day post-infection 

 
The hematological parameters 

Table 3 shows the hematological parameters of red tilapia fed a diet supplemented 
with different concentrations of LEO after challenge with S. agalactiae. After 20 days of a 
diet, there was a rapid increase in HCT, WBC & thrombocytes in all treatments T1, T2, and 
T3 (p<0.05) compared with the control. The highest increase is in the treatment supplemented 
with 400 mg/kg of LEO (T3). Compared to fish in a control condition that eats ordinary food, 
the levels of Hb and RBC at T3 indicate a statistically significant improvement (p<0.05). In 
contrast, fish in T1 and T2 have no change (p>0.05) during the same period. 

Table 4 Hematological parameters of red tilapia fed LEO after five and ten days of challenge with S. 
agalactiae 

Parameters Stage Control T1 T2 T3 

HCT (%) 

Before 
infection 32.62±3.36B, c 36.60±5.14A, b 37.15±6.23A, b 39,82±6.90A, a 

5 DPI 28.53±6.47C, c 30.04±6.91B, c 34.84±3.43B, b 37.28±6.59B, a 

10 DPI 36.52±7.90A, a 28.46±5.12B, b 27.63±5.63C, b 29.45±4.43C, b 

Hb (g%) 

Before 
infection 8.05±1.19A, b 858±1.25A, ab 7.95±1.44A, b 8.86±0.89A, a 

5 DPI 5.48±1.12C, c 7.11±1.42B, b 7.01±1.48B, b 8.51±1.25A, a 
10 DPI 7.15±1.69B, a 6.41±1.63B, ab 5.82±1.09C, b 6.30±1.16B, ab 

RBC ×106 (cell/mm3) 

Before 
infection 1.38±0.29A, b 1.53±0.27A, ab 1.54±0.54A, ab 1.57±0.38A, a 

5 DPI 0.98±0.36B, c 1.25±0.36B, b 1.22±0.25B, b 1.37±0.36B, a 
10 DPI 1.28±0.57A, b 1.68±0.52A, a 1.12±0.39B, bc 0.97±0.22C, c 

Total WBC & 
thrombocytes ×104 

(cell/mm3) 

Before 
infection 4.06±1.28B, b 6.83±1.58A, a 6.58±3.69A, a 7.12±3.97A, a 

5 DPI 4.93±2.44A, b 5.69±2.05B, b 5.31±1.29B, b 7.14±2.68A, a 
10 DPI 3.66±1.44B, c 5.39±1.54B, a 4.77±1.89B, ab 4.30±1.15B, bc 

a, b, c, and d show a significant difference in rows (p<0.05). A, B, and C show a significant difference in columns in the same 
groups (p<0.05); HCT: hematocrit; Hb: hemoglobin; RBC: red blood cell; WBC: white blood cell; DPI: day post infection 

 
Fish fed a diet without LEO after being challenged to S. agalactiae for five days 

demonstrated statistically significant decreases in HCT, Hb, and RBC parameters but an 
increase in WBC & thrombocyte count (p<0.05). All hematological parameters in red tilapia 
given both 200 and 300 mg of LEO tended to decline, and the difference was statistically 
significant. While there was a modest decline in the HCT and RBC indices in fish fed 400 mg 
of LEO in the feed, there was no impressive change in the Hb, WBC & thrombocyte parameters. 
(p>0.05). 

After ten days of S. agalactiae challenge in the control group, the mean values of HCT, Hb, 
and RBC increased, while the WBC count declined significantly compared to the period after 
five days of infection. Red tilapia in the treatment fed 200 mg of LEO in the feed at ten days 
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after infection exhibited no change in HCT, Hb, and WBC indices compared to the period 
five days after infection. Still, RBC grew considerably (p<0.05). In addition, the 
hematological parameters for the other two treatments all showed a decline, except for 
the RBC index, WBC of T2, and Hb index of T3, which did not differ significantly from the 
period after five days. 

 
Discussion 

 

Hematological parameters, a crucial diagnostic tool for fish health, might fluctuate 
depending on the stressors, the treatment, and any parasite or viral infections present in 
(Fazio, 2019; Lourenço et al., 2014). The circulatory system responds fast to foreign things 
because it is sensitive to them, which in this study are bacteria and chemical constituents 
of essential oils. The current study’s hematological parameters of red tilapia (Oreochromis 
sp.) reacted positively to the addition of LEO to their diet. Fish fed with 200 and 300 mg 
promoted erythropoiesis, as shown by a substantial rise in HCT, but did not accelerate the 
maturation of erythrocytes, which shows why erythrocyte morphological indices at both 
concentrations were lower than the control. Furthermore, Härdig and Höglund claimed that 
the manufacture of hemoglobin within the cells causes immature red blood cells that enter the 
circulation to gradually enlarge in size throughout their maturation (Härdig & Höglund, 1983). 
While feeding fish with a concentration of 400 mg was effective with all hematological indices, 
the erythrocyte morphology index also reached the highest value. Some studies also gave 
similar results when supplementing with different plant-based substances on the same 
fish, such as ginseng (Ginsana® G115) (Goda, 2008); cinnamon (Ahmad et al., 2011); 
thyme, rosemary, and fenugreek (Gültepe et al., 2014); mint (Vo et al., 2022). 

Hemorrhagic illness in red tilapia is brought on by the S. agalactiae bacterium, which 
can release hemolysin. It breaks down erythrocytes and is known as complete hemolysis 
(β-hemolysis) (Amal & Zamri-Saad, 2011), (Evans et al., 2002). In 2014, Alsaid et al. 
observed that S. agalactiae cocci attacked red blood cells by attaching to the cell wall; the 
authors also hypothesized that a drop in RBC, HCT, and Hb would signal the presence of 
hypochromic microcytic anemia (Alsaid et al., 2014). The capacity of bacteria to cling to 
the surface of red blood cells when investigated on tilapia was also highlighted in the report 
of Su et al. (2017). The control fish in the current study showed considerably smaller 
erythrocytes and fewer RBC count after five days of the challenge. This was followed by a 
decline in HCT and Hb index, which may have been caused by bacteria that may alter or 
even destroy red blood cells. McNulty et al.’s viewpoint is also a reasonable explanation 
for this event for juvenile and adult Tilapia individuals after seven days (McNulty et al., 
2003). When mature erythrocytes have died due to infection with S. iniae, immature 
erythrocytes (smaller than mature erythrocytes) are released into the peripheral 
circulation (McNulty et al., 2003). Meanwhile, Bailone et al. (2010) suggested that red 
blood cells were destroyed by leukocyte activity. After five days of challenge with bacteria 
of fish supplemented with LEO at all concentrations, hematological indices (HCT, Hb, RBC, 
and WBC & thrombocytes) were higher than those of fish not using this diet. This shows 
that LEO has contributed to reducing hemolysis due to bacteria's destruction of red blood 
cells and its ability to stimulate the immune system. Nafiqoh et al. (2020) also held the 
same opinion that extracts from the leaf of Piper betle, Psidium guajava, and Tithonia 
diversifolia could negatively affect A. hydrophila activity or prevent erythrocytes hemolysis. 
The report of Sheeja et al. (2006) also agrees with the above view and shows that the 
hemolysis rate is reduced thanks to the antioxidants present in the plant extracts. 

However, the increased RBC, Hb, and HCT values, as well as the erythrocyte 
morphology indicators in fish that did not feed the LEO diet after ten days of the S. 
agalactiae challenge, may explain that it is because of a decrease in the amount of RBC, 
Hb, and HCT at five days, which led to a decrease in the transport of oxygen and nutrients 
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to the tissues. As a result, erythropoiesis has been boosted to satisfy the need for bodily red 
blood cells (Fánge, 1992). Zanjani et al. (1969) also proposed that hemoglobin concentration 
may represent the body’s oxygen requirement, controlling erythropoiesis as a regulatory 
mechanism in fish, which is corroborated by the current study’s findings. For fish with LEO 
added to the diet at ten days of infection, T1 significantly improved RBC and had a higher 
mean value than the other treatments. Regarding WBC & thrombocytes, both T1 and T2 
showed no statistical significance when compared with the 5-day post-infection time showing 
the enhancement of the hematopoietic activity of 200 mg of LEO and is still promoted after 
two stages of bacterial infection. 

In contrast, in fish fed a diet supplemented with 400 mg of LEO ten days after infection, 
the number of WBC & thrombocytes decreased significantly compared to the time of 5 
days of infection. The chemical component citral found in LEO can inhibit the synthesis of 
macrophage cytokines, or to put it another way, they function as an immune modulator, 
according to the research by Bachiega and Sforcin (2011). This is also completely 
coincidental, and it would be a good way to explain the findings mentioned above, given 
that the primary components of the LEO utilized in the study, α-Citral and β-Citral, are 
both Citral isomers. 

In conclusion, when fish were fed LEO before infection, hematological parameters were 
improved in detail erythrocyte-related indices (HCT, Hb, RBC), and the immune system 
was also sharply increased (WBC & thrombocytes). Fish erythrocytes are believed to play 
an important role in immune system participation and phagocytosis. The increase or decrease 
in hematological parameters is sometimes uneven - all this is to help the fish body find ways 
to cope and adapt to environmental conditions (new food sources, as well as infectious 
factors). They might inhibit the action of the bacteria in the body or aid in reducing the 
hemolysis of red blood cells in the challenge experiment with S. agalactiae bacteria. Before 
and after infection, fish administered at a concentration of 200 mg could stimulate the 
synthesis of blood cells (red blood cells, white blood cells, and thrombocytes). During the pre-
infection and early phases of the sickness, the 400 mg content in meals contributes 
significantly to stimulating red blood cell synthesis and strengthening the immune system. 
However, fish at T3 were immunomodulated in the latter stages of hemorrhagic illness due to 
citral in the essential oil. 
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