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Cymbopogon fl exuosus essential oil as an 
additive improves growth, biochemical and 
physiological responses and survival against 
Aeromonas hydrophila infection in Nile tilapia
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Abstract: The objective of the present study was to evaluate growth, biochemical, 
hematological and intestinal enzymes responses and survival of Nile tilapia juveniles 
fed a diet containing the essential oil of lemongrass Cymbopogum fl exuosus (EOCF) 
and infected by Aeromonas hydrophila. Five diets were evaluated (in quadruplicate) 
with increasing levels of EOCF (0.0 - control; 0.25; 0.50; 1.0 and 2.0 mL kg diet-1). On day 
45, eight fi sh per treatment were sampled and blood, liver and intestine samples were 
taken. Others eight fi sh per treatment were infected with A. hydrophila followed by a 15-
day period of observation. Citral is the main constituent of EOCF. The inclusion of 2.0 mL 
EOCF kg diet-1 increased specifi c growth rate and survival after A. hydrophila infection 
and decreased feed conversion ratio of Nile tilapia. In general, higher concentrations of 
EOCF in the diet reduced plasma glucose and triglycerides levels, and increased plasma 
amino acids, alanine aminotransferase (ALT) and hepatic ALT levels, hematological 
parameters, and the activity of intestinal enzymes. It was concluded that the inclusion 
of 2.0 mL EOCF kg diet-1 improved growth performance, biochemical and physiological 
responses and decreased mortality of Nile tilapia after A. hydrophila infection.

Key words: citral, diet, glucose, hematological, intestinal enzymes, lemongrass.

INTRODUCTION

Nile tilapia (Oreochromis niloticus) is one of 
the major species of freshwater fi sh produced 
in the world (FAO 2018). On the other hand, the 
intensifi cation of production in intensive systems 
can trigger the occurrence of fi sh diseases caused 
by opportunistic agents (Martins et al. 2008). 
In this context, the involvement of Aeromonas
hydrophila in sickness is usually associated with 
other conditions, and its pathogenicity appears 
to be related to environment stress in debilitated 
hosts (Janda & Abbott 2010). De Souza et al. (2018) 
found the following clinical signs preceding Nile 
tilapia mortalities by A. hydrophila infection: 

exophthalmos, dermatitis, ascites, cutaneous 
hemorrhages, total destruction of the caudal 
peduncle with exposure of the musculature, 
erosion of the fi ns, apathy, and reduced appetite.

Synthetic antibiotics have commonly 
been used to treat infections in fi sh. This can 
trigger selective pressure for the emergence 
of bacterial resistance, introducing risks to 
the environment and public health (Bueno et 
al. 2017, De Souza et al. 2017, Klatte et al. 2017). 
Moreover, based on consumer expectations, the 
aquaculture industry is expected to reduce the 
use of synthetic growth-promoting agents in fi sh 
diets because of the risk caused to humans by 
chemical residues in fi sh (Harikrishnan et al. 
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2011). In this regard, essential oils (alternative 
antimicrobial agents) have been showing 
potential to be used in fish production (Sutili 
et al. 2018). They are efficient, inexpensive, 
biodegradable and rapidly metabolized, with a 
low risk of accumulation in tissues (Teixeira et 
al. 2017, Da Cunha et al. 2018). Essential oils may 
affect the host and act directly on bacterial cells, 
causing changes in the morphology and lipid 
profile of bacterial cell membranes, increasing 
membrane permeability and leading to 
disruption with cytoplasmic leakage (Nazzaro et 
al. 2013). Essential oils can be used as nutritional 
additives in fish diets, showing promising 
results for health and welfare, such as increased 
resistance against bacterial infection (Zheng et 
al. 2009, De Souza et al. 2019b), improved activity 
of intestinal enzymes (De Souza et al. 2019a), 
intestinal microbiota (Mahmoud et al. 2004, 
Navarrete et al. 2010) and immunity (Sutili et 
al. 2016, Ghafari Farsani et al. 2018). In addition, 
analysis of biochemical, hematological and 
enzymatic variables can reveal physiological 
dysfunctions in fish (Hrubec & Smith 2001), 
helping in the diagnosis and prognosis of fish 
diseases.

However, previous studies have found 
divergent results on the contribution of 
essential oils in the diet to fish growth. 
Increased growth and feed conversion ratio was 
found with the addition of the essential oils of 
oregano (Origanum heracleoticum) and sweet 
basil (Ocimum basilicum) in the diet of channel 
catfish (Ictalurus punctatus) and Nile tilapia, 
respectively (Zheng et al. 2009, De Souza et al. 
2019a). On the other hand, supplementation 
with the essential oils of Ocimum americanum 
or Lippia alba in the diet did not increase growth 
in red drum (Sciaenops ocellatus) or silver 
catfish (Rhamdia quelen), respectively (Souza et 
al. 2015, Sutili et al. 2016).

Cymbopogon flexuosus (Stapf.) (Poaceae) 
is an aromatic herb, commonly known as 
lemongrass. Some studies find that essential 
oil of C. flexuosus (EOCF) have shown its 
effectiveness as an anesthetic (Limma-Netto 
et al. 2016), antifungal (Kumar et al. 2009), 
anticancer and antioxidant agent (Sharma et 
al. 2009) and presented in vitro antimicrobial 
response (Oussalah et al. 2006, Ahmad & Viljoena 
2015). In addition, a recent study demonstrated 
that EOCF showed high in vitro inhibitory activity 
against Aeromonas spp. (De Souza et al. 2018). 
However, despite the therapeutic potential of 
EOCF, studies related to its use as a nutritional 
additive in fish have not yet been reported in 
the literature. 

Therefore, based on the aforementioned 
biochemical, physiological and antimicrobial 
activities, EOCF with different concentrations 
was incorporated into the diet and fed to Nile 
tilapia with the aim to investigate its effects 
on the growth, survival, biochemical, intestinal 
enzymes and hematological responses and 
prevention against A. hydrophila infection.

MATERIALS AND METHODS
Essential oil from Cymbopogon flexuosus
Leaves of C. flexuosus cultivated in Três Passos, 
RS, Brazil, were collected in August 2015. EOCF 
was extracted from fresh leaves of the plant 
by hydrodistillation for 2 h using a Clevenger-
type apparatus (European Pharmacopoeia 
2007). Chemical compounds were performed 
by chromatographic analysis using and Agilent 
7890A gas equipment coupled to Agilent 5975C 
mass selective detector (GC-MS), where were 
identified 92.48% of the compounds (geranial 
- 48.89%; neral - 40.32, cis-Verbenol - 2.38 and, 
camphene - 0.89%) of the EOCF. The identification 
of the constituents was realized by comparison 
of retention indices (NIST 2008). 
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Animals
Sex-reversed males Nile tilapia juveniles 
(Gift lineage) were purchased from Fish Farm 
Bebedouro — Companhia de Desenvolvimento 
dos Vales do São Francisco e do Parnaíba 
(CODEVASF), Petrolina, PE, Brazil. The fish (5.63 
± 0.18 g; 6.37 ± 0.03 cm; six juveniles per tank) 
were housed in continuously aerated 90 L tanks 
(useful volume 80 L; stocking density 0.44 kg 
m-3), with a semi-static system and biological 
filters in the Laboratory of Nutrition of the 
Universidade Federal do Vale do São Francisco 
(UNIVASF), Petrolina, PE. Before the experiment, 
the animals underwent a ten-day adaptation 
period. The experimental design was completely 
randomized with five treatments and four 
replicates. The total length of the experiment 
was 60 days. The experimental protocol (number 
14/2014) was approved by the Ethical Committee 
of the Instituto de Biologia of the Universidade 
Federal da Bahia.

In order to remove excess feces and feed 
residues, the tanks were cleaned siphoning. The 
water parameters remained stable throughout 
the experimental period. The physical-chemical 

parameters of the water: pH (pH meter 
Waterproof, HI 98130), temperature (digital 
thermometer Incoterm), and dissolved oxygen 
(oximeter Linelab DO Eco) were monitored 
daily; un-ionized ammonia and alkalinity (kit 
Alfatecnoquímica, Florianópolis, SC) were 
monitored weekly. Throughout the experiments, 
water quality was maintained at a temperature 
of 25.9 (± 0.14) °C, pH 6.4 (± 0.22), 6.0 (± 0.18) mg 
O2 L

-1 of dissolved oxygen, 0.05 (± 0.01) mg NH3 L
-1 

of total ammonia and an alkalinity of 50 (± 0.10) 
mg CaCO3 L

-1.

Diets and growth performance
Five diets were formulated (36.90% crude protein 
and 4,072 Kcal kg-1 digestible energy-1) based on 
De Souza et al. (2019a). The ingredients (Table 
I) were purchased locally, weighed scale, finely 
ground and manually homogenized. The amount 
of ingredients is the same in all treatments 
and the difference occurred by the addition 
of EOCF according to each treatment. Different 
concentrations of the EOCF (0 - control, 0.25, 0.5, 
1.0, or 2.0 mL kg diet-1) were added to the mixture 
together with soya oil and, after that, water. The 

Table I. Composition of experimental diets of control group supplied to Nile tilapia.

Ingredients (%)
Soya meal 52.0
Corn meal 25.5

Wheat meal 10.0
Fish meal 9.75
Soya oil 0.83

NaCl 0.50
Dicalcium phosphate 0.50

Vitamins and minerals* 0.50
Vitamin C 0.20

Calcium propionate 0.20
Butylated hydroxytoluene 0.02

* Vitamin and mineral mix (guaranteed levels per kg of product) — folic acid: 1,200 mg; nicotinic acid: 20 g; BHT: 5 mg; vitamin A: 
2,400 UI; vitamin D3: 600 UI; vitamin E: 30 UI; vitamin K3: 3 mg; vitamin C: 60 g; pantothenic acid: 10 mg; biotin: 200 mg; cholin: 100 
g; Inositol: 25 g; Vitamin B1: 4 mg; Vitamin B2: 4 mg; Vitamin B12: 8 mg; Vitamin B2: 4 mg; Vitamin B6: 3 mg; Co: 80 mg; Fe: 10 g; Se: 
100 mg; Cu: 3,500 mg; Mn: 10 mg; Zn: 24 mg; I: 160 mg.
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mixture was pelleted and then dried in a forced 
air circulation oven at 35.5 °C for 24 h. The pellets 
were stored under refrigeration at -20 °C in glass 
containers with hermetically sealed caps and 
they fractionated into diameters compatible 
with the fish mouth size. The juveniles received 
the experimental diets three times a day (7:30 
and 12:00 a.m. and 4:30 p.m.; divided into three 
approximately equal parts) at a level of 5% of 
their body weight. The biomass in each tank was 
assessed weekly to adjust the pellet size and 
the amount of feed offered. 

The following animal performance 
parameters were analyzed at the end of the 
experiment: weight gain (WG) = final body weight 
- initial body weight; feed conversion ratio (FCR) 
= consumed feed/weight gain; specific growth 
rate (SGR) = 100 x (ln final weight - ln initial 
weight)/days of experiment; and survival (S) = 
(final fish number x 100)/initial fish number.

Sample collection and chemical analysis
On day 45, two fish from each tank (n = 8 per 
treatment) were randomly sampled and blood, 
liver and intestinal samples were taken. The 
animals were removed from the tank and 
sedated with benzocaine hydrochloride (30 
ppm) for blood collection (1.5 mL) from caudal 
vasculature a sterile syringe with 10 μL of 
heparin (5000 UI). Prior to blood collection, the 
animals underwent a fast of 24 h.

The blood was divided amongst the 
different analyses. Two blood aliquots were 
collected. The first aliquot (about 0.5 mL) was 
used for hematological analyses and the second 
aliquot (about 1.0 mL) was used for plasma 
analyses. Both aliquots were transferred to 2.5 
mL polyethylene tubes for further analysis.

For hematological analyses, samples 
were subsequently transferred to heparinized 
capillaries and centrifuged (Microspin, model 
Spin 1000) at 12.000 x g for 5 min, to determine 

the hematocrit (Hct) by the microhematocrit 
method. Erythrocyte (Er) counts were performed 
in a Neubauer chamber with the aid of a 
binocular optical microscope, after dilution 
1:200 in Natt and Herrick solution. Hemoglobin 
(Hb) concentration was determined according 
to Collier (1944), using a spectrophotometer at 
540 nm. Calculations of estimated hematimetric 
indices were performed according to the 
following equations: mean corpuscular volume 
(MCV) = Hct*10/Er(*106 μL), expressed as fL; 
mean corpuscular hemoglobin (MCH) = Hb*10/
Er, expressed as pg and; mean corpuscular 
hemoglobin concentration (MCHC) = Hb*100/
Hct, expressed as g dL-1.

The second aliquot of blood was centrifuged 
at 4 °C at 3000 x g (15 min) to separate the 
plasma. The samples were stored under 
constant refrigeration at -20 °C. After blood 
collection, the animals were euthanized with a 
lethal dose of benzocaine hydrochloride (300 
ppm) and section of the spinal cord in order to 
collect the intestine and liver. Determinations 
of plasma triglycerides, total protein, and 
alanine aminotransferase (ALT) levels were 
performed using commercial Kits (Labtest TM 
kits; Vista Alegre, MG, Brazil) in a semi-automatic 
biochemical analyzer (DolesTM, model D-250). 
For plasmatic amino acid concentrations 
determination, a 1 mm glycine standard was 
used, having 0.1 ninhindrin in isopropyl alcohol 
as substrate, and the readings were performed 
using spectrophotometer at 570 nm (adapted 
from Copley 1941). Plasma glucose levels were 
determined enzymatically by glucose oxidase/
glucose peroxidase in a BT 3000 apparatus 
(Wiener Lab, Rosario, Argentina) according 
Teixeira et al. (2017). Plasma lysozyme activity 
(µg mL-1) was measured using a turbidimetric 
assay according to Ellis (1990), as described in 
detail by De Souza et al. (2019b). 
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The liver and total intestine tract samples 
were collected and preserved at -80 oC until 
analysis. Liver and total intestine tract samples 
(100 mg) were homogenized in buffer (10 mM 
phosphate per 20 mM tris-pH 7.0) using a 
mechanical homogenizer (Marconi MA039) 
before centrifugation at 600 x g for 3 min at 4 
°C. The supernatant was centrifuged again at 
6000 x g for 8 min for hepatic ALT and intestinal 
enzyme analysis. 

Hepatic ALT activity was measured 
using commercial Kits (Labtest TM kits; 
Vista Alegre, MG, Brazil) and determined 
spectrophotometrically at 545 nm. The intestinal 
amylase and lipase activities were determined 
spectrophotometrically at 405 nm using 
commercial Kits (Labtest TM kits; Vista Alegre, 
MG, Brazil). Intestinal protease activity was 
determined according to Walter (1984), where the 
enzymatic activity was defined as the amount of 
enzyme needed to catalyze the formation of 1 mg 
tyrosine min-1. Determination of hepatic glycogen 
was determined spectrophotometrically at 480 
nm as described in detail by De Souza et al. 
(2019a). 

Antimicrobial activity
Aeromonas hydrophila isolates from the bacterial 
collection of the Laboratory of microbiology and 
animal immunology at UNIVASF were obtained 
as described by De Souza et al. (2018). The A. 
hydrophila strain used in the current study was 
confirmed by polymerase chain reaction (PCR) 
and sequencing (Oliveira et al. 2012).

On day 45 of the experiment, 0.2 mL 
of A. hydrophila solution was inoculated 
intramuscularly in the laterodorsal right side of 
each fish in the experimental groups (n = 8 per 
treatment). The bacterial inoculum was diluted 
in sterile saline solution (0.85 g per 100 mL) at a 
concentration of 108 colony forming unit per mL. 
Mortality caused by A. hydrophila was observed 

and recorded in each group for 15 additional 
days. The fish were maintained under the same 
experimental conditions of feed management 
and water quality.

Statistical analysis
The results are expressed as the means ± 
standard error of the mean (S.E.M.). Levene’s 
test demonstrated the homogeneity of data 
variances. The data were compared using one-
way analysis of variance (ANOVA). The effects of 
EOCF on the variables were evaluated based on 
linear regression. If no significant relationship 
was found, the differences between treatment 
means were analyzed by one-way analysis of 
variance (ANOVA) followed by post-hoc Tukey 
test (De Souza et al. 2019a). The significance was 
set at a critical level of 95% (p < 0.05).

RESULTS
Growth performance 
A positive linear effect (p < 0.05) was observed 
between the EOCF and SGR and survival post-
infection and a negative linear effect (p < 0.05) 
was observed between the EOCF and FCR. Initial 
weight, final weight, final length, WG, and survival 
pre-infection did not present linear regression 
or differ among treatments (Table II).

Biochemical and physiological variables
The regression (p < 0.05) demonstrated that the 
dietary increase of EOCF proportionally increased 
activities of intestinal lipase and protease 
enzymes in juveniles. In addition, Nile tilapias 
fed a diet containing 2.0 mL EOCF kg diet-1 had a 
significantly higher activity of intestinal amylase 
enzyme than those in the other treatments (p < 
0.05) (Table III).

Another linear effect (p < 0.05) demonstrated 
that the dietary increase of EOCF proportionally 
increased plasma amino acids and hepatic ALT 
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in juveniles. Additionally, plasma glucose and 
triglycerides levels were significantly higher in 
the control group in comparison with the other 
treatments and the addition of 0.25 mL EOCF kg 
diet-1 significantly increased plasma triglycerides 
levels compared with those receiving 2.0 
mL EOCF kg diet-1 (p < 0.05). Plasma ALT was 
significantly higher in fish fed a diet containing 
1.0 or 2.0 mL EOCF kg diet-1 than in control group 
(p < 0.05). Plasma total protein, lysozyme activity, 
and hepatic glycogen did not present linear 
regression or differ among treatments (Table IV).

A positive linear effect (p < 0.05) was 
observed between dietary EOCF and hematocrit, 
erythrocyte and, Hemoglobin concentrations. 
The hematimetric indices did not present linear 
regression or differ among treatments (Table V).

DISCUSSION

Citral, in the present study, was the most abundant 
component of EOCF. Citral is a monoterpene 
comprising a mixture of geranial (α-citral) and 
neral (ß-citral) isomers (Teixeira et al. 2017), which 

has been known for its immunomodulatory, 
anti-inflammatory, antiseptic, antimicrobial and 
fungistatic properties (Bachiega & Sforcin 2011). 
In summary, citral (89.21% in the present study) 
has potential for use as a dietary supplement 
to treat infections and improve health in fish, 
because citral can suppress oxidative stress 
through induction of the endogenous antioxidant 
proteins, according verified by Zeppenfeld et al. 
(2017) in study with Aloysia triphylla essential 
oil (50.19% of citral). Previous studies verified 
the addition of 2.0 mL Aloysia triphylla essential 
oil kg diet-1 (50.19% of citral) increased silver 
catfish growth, but it did not affect zebrafish 
(Danio rerio) growth (Zeppenfeld et al. 2016, 
Zago et al. 2018). The present study revealed that 
2.0 mL EOCF kg diet-1 improved SGR and FCR of 
Nile tilapia, which demonstrates the potential 
of EOCF (with citral as the major component) 
in growth performance of fish. The growth-
enhancing effect of EOCF could be correlated 
with their antibacterial effect (Al-Sagheer et al. 
2018) as it is verified by the in vivo (our study) 
and in vitro (De Souza et al. 2018) inhibition 

Table II. Growth performance and survival of Nile tilapia fed with diets containing different concentrations of the 
essential oil of Cymbopongon flexuosus (EOCF).

EOCF (mL kg diet-1)

Variables 0.0 - control 0.25 0.5 1.0 2.0

In weight 5.92±0.28 5.69±0.12 5.85±0.25 5.29±0.06 5.29±0.11

Fn weight 16.04±0.97 15.70±0.74 15.60±0.73 15.00±0.84 15.90±0.97

Fn length 9.69±0.10 9.73±0.10 9.74±0.16 9.66±0.12 9.70±0.19

WG 10.12±1.02 10.01±0.85 9.75±0.95 9.56±0.80 10.61±0.86

SGR 2.21±0.17 2.25±0.15 2.18±0.19 2.32±0.11 2.43±0.09

FCR 2.09±0.09 2.06±0.08 2.09±0.14 2.02±0.07 1.93±0.04

Sur pre-infection 95.83±4.17 100±0.00 100±0.00 95.83±4.17 95.83±4.17

Sur post-infection 12.50±25.00 12.50±25.00 25.00±28.87 37.50±25.00 62.50±25.00
In weight (initial weight), Fn weight (final weight) and WG (weight gain) are expressed in g, Fn length (final length) is expressed 
in cm, SGR (specific growth rate) is expressed as % day-1 and, Sur (survival) is expressed as %. FCR = feed conversion ratio. 
Equations: In weight, Fn weight, Fn length, WG, and Sur pre-infection: no regression; SGR: y = 2.191 + (0.116x), R2 = 0.84; FCR: y = 
2.099 - (0.081x), R2= 0.92; Sur post-infection: y = 10.313 + (26.250x), R2 = 0.98. Data are presented as the means ± SEM. The means 
obtained showed no significant differences (Tukey’s test, p > 0.05, n =4 tanks per treatment).
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of A. hydrophila. The antimicrobial properties 
of EOCF together with the biochemical and 
physiological responses found in the current 
study can positively influence fish performance.

Indeed, the reduction of Nile tilapia 
mortality after infection by A. hydrophila, in 
the current study, with the addition of 2.0 mL 
EOCF kg diet-1 may have been linked to its chief 
component, citral (De Souza et al. 2018) or an 
interaction of the different components of the 
essential oil with citral. The inclusion of essential 
oils in fish diets can provide greater resistance 
and survival after bacterial infection (Nazzaro et 
al. 2013). The mechanism of action of essential 
oils for bacterial death involves disruption of 
bacterial cell membranes (leaving them more 
permeable to the release of molecules and 
ions), inhibition of enzyme synthesis and/
or absorption of nutrients (Bakkali et al. 
2008, De Souza et al. 2017). Citral affected the 
cell membrane of Cronobacter sakazakii, as 
evidenced by decreased intracellular ATP 
concentration, reduced pH, and cell membrane 
hyperpolarization (Shi et al. 2016). Additionally, 
the antibacterial activity of the essential oil of 
Cymbopogon citratus is mainly due to its citral 
active constituents (Oliveira et al. 2010).

Essential oil components also act on innate 
immune system in fish (e.g. plasma lysozyme 
activity) (Carbone & Faggio 2016). Essential 

oils can indirectly influence lysozyme release 
(De Souza et al. 2019a), because lysozyme 
concentration, and therefore activity, is greatest 
at the digestive tract mucosa-lumen interface 
and lysozyme limit microbial attachment and 
invasion into the mucosa (Mason & Huffnagle 
2009). In the present study, differences in plasma 
lysozyme activity were not verified, however. 

In addition, the present study revealed 
that the higher level of EOCF (2.0 mL kg diet-1) 
added to the Nile tilapia diet increased activity 
of intestinal enzymes. This could be related to 
the better efficiency of a diet, because they 
act directly on the digestion and assimilation 
of nutrients (De Souza et al. 2019a). In previous 
studies, the addition of carvacrol or thymol 
to rainbow trout (Oncorhynchus mykiss) 
and Cymbopogon citratus and Pelargonium 
graveolens essential oils to Nile tilapia diet 
regulated intestinal microbial (Giannenas et 
al. 2012; Al-Sagheer et al. 2018), demonstrating 
that essential oils can enhance the activity of 
intestinal enzymes.

Despite the improved activity of intestinal 
amylase, 2.0 mL EOCF kg diet-1 reduced plasma 
glucose and triglycerides levels in Nile tilapia 
in the present study. This suggests that the 
products generated by the catabolism of these 
metabolites were available to the fish as an 
energy source (Copatti et al. 2015), possibly 

Table III. Activity of intestinal enzymes (UI mg protein-1) of Nile tilapia fed with diets containing different 
concentrations of the essential oil of Cymbopongon flexuosus (EOCF).

EOCF (mL kg diet-1)

Variables 0.0 - control 0.25 0.5 1.0 2.0

Amylase 0.27± 0.03b 0.27±0.03b 0.26±0.02b 0.24±0.02b 0.39±0.03a

Lipase 2.21±0.13 2.20±0.18 2.42±0.15 2.67±0.06 2.68±0.08

Protease 83.02±4.43 85.42±2.57 84.46±2.56 90.20±3.31 89.93±4.83

Equations: Lipase: y = 2.240 + (0.262x), R2 = 0.78; Protease: y = 83.944 + (3.549x), R2 = 0.74. Data are presented as the means ± 
SEM. Different letters in the same row indicate statistical differences between treatments (Tukey’s test, p < 0.05; n = 8 fish per 
treatment).
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resulting in an energy-sparing effect on plasma 
total protein and hepatic glycogen levels, since 
these parameters, commonly used to assess the 
metabolic state of fish tissues, were not altered. 
Hepatic glycogen synthesis and degradation are 
regulated to maintain plasma glucose levels 
as required to meet the needs of the organism 
(Berg et al. 2002).

Transamination and deamination processes 
have been studied in fish as an important tool 
to evaluate their use of proteins (Adams et al. 
1996). Excess amino acids, which cannot be 
stored in the same way as carbohydrates (e.g. 
glycogen) or fats (e.g. triglycerides) are therefore 
made available for protein synthesis and/or 
oxidized to generate energy (Moraes & Almeida 
2014). Possibly, the addition of 2.0 mL EOCF 
kg diet-1 may have stimulated transamination, 
glycogenolysis, gluconeogenesis and lipolysis 
in order to maintain homeostasis in the fish. 

Hence, it is likely that the addition of 2.0 mL 
EOCF kg diet-1 affects energy metabolism.

According to our results, the addition of 
2.0 mL EOCF kg diet-1 of Nile tilapia juveniles 
increased plasma amino acid levels, which 
could be related to elevated plasma and hepatic 
ALT levels. An elevation of ALT levels could be 
related to liver damage (De Souza et al. 2019a). 
However, previous studies verified that silver 
catfish fed with diet containing citral-rich (2.0 
mL essential oil of Aloysia triphylla kg diet-1) 
reduced lymphocyte and neutrophil counts and 
stress response (thiobarbituric acid-reactive 
substances, lipid hydroperoxide, superoxide 
dismutase, catalase and non-protein thiols) 
(Santos et al. 2017, Zeppenfeld et al. 2017) 
which demonstrates that EOCF with citral could 
improve some physiological effects, but it could 
also cause damage to the hepatic tissue. So, it is 
suggested that more research with antioxidant 

Table IV. Biochemical variables of plasma and liver of Nile tilapia fed with diets containing different 
concentrations of the essential oil of Cymbopongon flexuosus (EOCF).

Plasmatic EOCF (mL kg diet-1)

Variables 0.0 - control 0.25 0.5 1.0 2.0

Glucose 99.33±5.47a 66.60±5.77b 66.20±10.50b 63.8±5.3b 70.00±4.74b

Triglycerides 277.10±13.09a 163.72±7.05b 118.33±9.24bc 129.46±11.58bc 104.62±9.77c

Total proteins 2.24±0.21 1.74±0.23 2.02±0.15 2.17±0.17 2.22±0.15

Amino acids 17.33±1.60 25.59±1.85 25.92±1.71 25.02±2.35 33.40±1.67

ALT 1.59±0.24b 2.58±0.58ab 3.65±0.56ab 3.82±0.83a 3.86±0.46a

Lysozyme 0.19±0.03 0.18±0.03 0.13±0.02 0.14±0.02 0.15±0.03

Hepatic 
variables 0.0 – control 0.25 0.5 1.0 2.0

Glycogen 9.64±0.89 10.0±0.97 10.57±0.77 9.57±1.46 8.89±0.99

ALT 0.33±0.04 0.38±0.09 0.33±0.08 0.66±0.12 1.19±0.12

Glucose, triglycerides, and glycogen are expressed as mg dL-1, total proteins is expressed as g dL-1, amino acids concentration is 
expressed as µmol mL-1, ALT is expressed as UI, and lysozyme is expressed as µg mL-1. Equations: Plasma glucose, triglycerides, 
total proteins, ALT, and lysozyme and Hepatic glycogen: no regression; Plasma amino acids: y = 20.732 + (6.293x), R2 = 0.76; Hepatic 
ALT: y = 0.238 + (0.453x), R2 = 0.94. Data are presented as the means ± SEM. Different letters in the same row indicate statistical 
difference between treatments (Tukey’s test, p < 0.05; n = 8 fish per treatment).
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and histological studies should be carried out to 
determine if EOCF or citral triggers liver damage.

Finally, hematological variables reflect body 
processes and serve as important indicators of 
fish health, but no studies have been carried 
out to assess the effect of EOCF in the diet on 
fish hematological values. In the present study, 
the addition of 2.0 mL EOCF kg diet-1 increased 
hematocrit, erythrocyte and hemoglobin 
values in Nile tilapia, which contributed to 
the avoidance of anemia or reduction of red 
blood cell or oxygen supply at the cellular level 
(Tavares-Dias 2015). In addition, the increased 
hemoglobin values observed in our study may 
be related to the reduced plasma glucose and 
triglycerides levels, since a greater oxygen 
supply is required to catabolize these substrates 
for energy generation. Hence, improvements in 
hematological variables verified in the current 
study in Nile tilapia juveniles fed 2.0 mL EOCF 
kg diet-1 may have contributed to their increased 
growth and survival against A. hydrophila 
infection. 

CONCLUSIONS

In conclusion, the present study indicates that 
EOCF has potential as a feed additive for inclusion 
in fish diets. The findings demonstrated that 
the best EOCF inclusion concentration was 2.0 
mL kg diet-1 that improved growth performance, 
metabolic, hematological and intestinal enzyme 
responses and survival after A. hydrophila 
infection in Nile tilapia juveniles. However, more 
studies are needed to confirm your benefits, 
because EOCF caused an elevation in plasma 
and hepatic ALT.

Acknowledgments
The authors acknowledge support from Conselho 
Nacional de Desenvolvimento Científico e Tecnológico 
(CNPq, Brazil). EMS received PIQ IF SERTÃO (Programa 
Institucional de Qualificação do Instituto Federal de 
Educação, Ciência e Tecnologia do Sertão Pernambucano, 
Brazil) research grant. The authors also thank CODEVASF 
for donating Nile tilapia exemplars.
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oil of Cymbopongon flexuosus (EOCF).

EOCF (mL kg diet-1)

Variables 0.0 - control 0.25 0.5 1.0 2.0

Hct 17.83±1.58 17.67±1.38 20.67±0.67 21.83±1.49 24.83±1.08

Er 2.31±0.15 2.46±0.24 2.94±0.10 2.91±0.24 3.20±0.13

Hb 9.85±0.93 10.77±1.35 11.94±0.43 12.14±1.09 14.29±1.14

MCV 77.46±7.25 72.19±4.24 70.68±2.80 77.33±7.60 78.45±5.73

MCH 42.59±2.54 46.80±8.00 40.96±2.28 43.32±5.21 44.36±2.50

MCHC 55.77±2.98 63.51±10.47 58.02±2.56 58.03±8.17 58.55±6.16
Hct (Hematocrit) is expressed as %, Er (erythrocyte) concentration is expressed as 106 µL-1, Hb (hemoglobin) concentration and 
MCHC (mean corpuscular hemoglobin concentration) are expressed as g dL-1, MCV (mean corpuscular volume) is expressed in fL 
and MCH (mean corpuscular hemoglobin) is expressed in pg. Equations: MCV, MCH and, MCHC: no regression; HCT: y = 17.830 + 
(3.648x), R2 = 0.93; Er: y = 2.455 + (0.412x), R2 = 0.78; Hb: y = 10.256 + (2.056x), R2 = 0.94. Data are presented as the means ± SEM. The 
means obtained showed no significant differences (Tukey’s test, p > 0.05, n = 8 fish per treatment).
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