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ABSTRACT: A 112-day feeding trial was performed to investigate the toxic effects of mercury on
Nile tilapia (Oreochromis niloticus) and attempt to detoxify these drastic effects by using dietary
supplementation of citronella (Cymbopogon nardus) and geranium (Pelargonium graveolens) (GEO)
essential oils. Fish were divided into four groups, each group was stocked into 3 aquaria, each one
contains 10 fish. The first group was fed on basal diet without mercury, the second group was fed on
basal diet containing 50 ppm mercury as mercuric chloride (HgCl,), each of third and fourth group was
treated with 50 ppm HgCl, and supplemented with 400 mg/kg diet citronella or geranium oils,
respectively. Live body weight at 16 week was significantly increased by 40.76%, 22.64 and 12.41%,
respectively in each of fish group fed diets without mercury (basal diet), fish group fed a diet
contaminated with mercury and supplemented with citronella oil and fish group fed a diet
contaminated with mercury and supplemented with geranium oil when compared with those fed diet
contaminated with mercury. Also, daily weight gain at 0-16 weeks significantly increased by 51.38,
28.44 and 15.60%, respectively. Feed conversion at 0-16 weeks significantly improved by 29.56,
16.92 and 14.27%, in fish group fed diets without mercury (basal diet), fish group fed a diet
contaminated with mercury and supplemented with citronella oil and fish group fed a diet
contaminated with mercury and supplemented with geranium oil, respectively, when compared with
those fed diet contaminated with mercury. Serum total protein and albumin significantly increased,
while serum ALT, AST, urea-N and Createnine were decreased in fish groups fed diets without
mercury. Also serum total protein increased in fish groups fed diet contaminated with mercury and
treated with citronella or geranium oil than those fed diet contaminated with mercury. Residual of
mercury significantly decreased (P<0.001) by 29.53 and 31.49 in liver and muscles of fish group fed a
diet contaminated with mercury and supplemented with citronella oil, respectively. Also in fish group
fed a diet contaminated with mercury and supplemented with geranium oil decreased by 41.45 and
47.24, respectively. Based on the obtained results it could be concluded that, growth rate and feed
conversion improved by dietary essential oils supplementation.
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INTRODUCTION

Fish can be used as choosy bio-indicators of
trace metals in freshwater reservoir since they
not only accumulate some heavy metals in their
bodies but also react to water contamination
with alteration of various vital functions

* Corresponding author: Tel. : +201211303239
E-mail address: Dramiraahmed7@gmail.com

(Dobrowolski and Skowronska, 2006). Decrease
in growth rate of fish can be caused as a result of
physiological or behavioral stress during exposure
to toxicants (Hansen et al. 2002b; Ayyat et al.,
2017). Fish growth depends on water quality
characteristics and in polluted waters generally
decreases (Hansen et al., 2002a).
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Mercury (Hg) considers as one of the most
dangerous toxic metals especially in the aquatic
situation (Asefi and Zamani-Ahmadmahmoodi,
2015). Mercury can be found in 3 major forms,
namely elemental Hg, inorganic Hg, and organic
Hg (Looi et al., 2016). There was a great
attentiveness on the effects of mercury pollution
on human and environmental health. However,
the environmental troubles caused by the
mercury contamination seems to be a continual
bout since mercury-pollution has been occurring
for years, and most probably will continue in the
upcoming years. The agricultural drainage water
containing heavy metals, inorganic anions,
pesticides, fertilizers and industrial by-products
in addition to sewage effluents supply the water
bodies and sediment with huge quantities of
heavy metals (ECDG, 2002).

Using essential oils (EOs) as feed additives
in aquaculture due to its valuable role in promote
the growth and increasing fish immune system
(Zheng et al., 2009). The main compensation of
essential oils are condensed aquatic pollution,
lesser toxicity, fewer toxic waste in fish tissues,
compact risk of selecting resistant pathogens
and less cost to the farmers (Coimbra et al.,
2006).

Citronella or Cymbopogon nardus is one of
the Cymbopogon species with its essential oil
widely used in the production of citronella
essential oil, food, drink, perfumery, soap, body
care products and pharmaceutical products.
Billerbeck et al. (2011) reported that essential
oil of C. nardus at dose of 400 mg/l could inhibit
80% of Aspergillus niger growth. Meanwhile,
QOussalah et al. (2006) reported that the
essential oil showed antimicrobial activity at
dose of 4 mg/ml against Pseudomonas putida.
Lee and Wendy (2013) reported that essential
oil of C. nardus demonstrated it’s possible as
alternative to commercial antibacterial agent.

Pelargoniums are a diverse group of plants
with a wide variety of growth habits and habitats.
Most are native to southern Africa, but a few
species occur naturally in Middle East (The
Herb Society of America, 2006). Hamidpour
et al. (2017) reported that Pelargonium graveolens,
rose geranium, has shown multiple positive
benefits. Its antibacterial and anti-fungal abilities
show strong potential to replace current

therapeutic drug regimes as there is an increase
in drug resistance microbes. Toxicity is a
concern and should be monitored as further
research progresses. However, on all fronts,
Pelargonium graveolens shows great potential
for a traditional solution in today’s world as a
preservative and, more eminently, a therapeutic
agent.

Reasonably, contamination of the aquatic
environment by mercury has been considered a
major danger to the fish. Therefore, this study
was carried out to investigate the toxic effects of
mercury on Nile tilapia (Oreochromis niloticus)
and attempt to detoxify these drastic effects by
using dietary supplementation of essential oils;
citronella (Cymbopogon nardus) and geranium
(Pelargonium graveolens).

MATERIALS AND METHODS

This study was conducted at the Department
of Animal Production, Agriculture Faculty,
Zagazig University and the practical work was
carried out at Central Laboratory for
Aquaculture Research (CLAR), Abbassa,
Sharkia Governorate, Egypt.

Fingerlings Nile tilapia fish (Oreochromis
niloticus) averaged about 6.252+ 0.028 g was
used in this study. The fish were stocked in
twelve glass aquaria (70 x 40 x 50 cm) supplied
with fresh aerated tap water. Fish were acclimated
to laboratory conditions for 2 weeks and fed a
basal diet prepared without feed additives till the
beginning of the experiment. Continuous aeration
was provided to each tank through an air stone
connected to a central air compressor. Day after
day, each aquarium was cleaned from the fish
faeces, and the water was partially changed
(about 30%). The photoperiod was 12-hr light:
12-hr darkness. The mean of water temperature,
dissolved oxygen and pH was 29.31 + 0.129°C,
7.18 + 0.039 mg I and 6.66 + 0.022, respectively.
The average of ammonia, nitrite and nitrate was
0.17+0.014, 0.12+0.017 and 2.00+0.083, mg 1",
respectively.

Fish were divided into four groups, each
group of fish was stocked into 3 aquaria and
each one contains 10 fish. The first group was
given basal diet without mercury, the second
group was given basal diets containing 50 ppm
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mercury as mercuric chloride (HgCl,), the third
group was treated with mercury and supplemented
with 400 mg citronella oil/kg diet, the fourth
group was treated with mercury and supplemented
with 400 mg geranium oil/kg diet. Continuous
aeration was provided to each tank through an
air stone connected to a central air compressor.
The fish were fed on the experimental diets at
the rate of 5% of body weight at the first Sweeks
of the experimental period, the remaining
experimental period (5-16 weeks) fish were fed
at the rate 3% of body weight and the
experimental diets were offered three times
daily at 9:00 am, 12:00 and 16:00 pm. Along the
feeding trial, the uneaten feed was collected by
siphoning. The amount of feed was readjusted
every 2 weeks according to the biomass of each
replicate.

All fish groups were fed on basal pelleted
diet consistent of fish meal 16%, soybean meal
35.0%, corn 25%, wheat bran 17.0%, oil 2%,
minerals mixture 2%, vitamin mixture 1.0% and
carboxymethyl cellulose 2.0%. The chemical
composition of the diet was crude protein
30.8%, ether extract 5.89%, crude fiber 4.6%
and gross energy 4069 Kcal/kg diet.

All fish were weighed to the nearest 0.1 g at
the beginning of the experiment and biweekly
intervals throughout the experimental period.
Food consumption was calculated as g/fish/day
by dividing the amount of food consumed each
day by the number of fish in the aquarium. Feed
conversion ratio (FCR) was calculated according
to Berger and Halver (1987) according to the
following equation: FCR = cumulative feed
delivered to aquarium/fish biomass gain.

Blood samples were taken from the caudal
vein from five fish in each group which were
randomly selected for collecting blood samples
at the end of the experimental period. The blood
samples were centrifuged at 3000 rpm for 20
min to separate the serum. Total protein, albumin,
urea-N, creatinine, and serum transaminase
enzymes (AST, aspartate aminotransferase and
ALT, alanine aminotransferase) were determined
in the blood serum by colorimetric methods
using commercial kits (Henry, 1974).

Proximate = chemical compositions of
experimental diets were determined according to

the Association of Official Analytical Chemists
(AOAC, 1990).

The heavy metals of both fish muscles and
liver were calculated by atomic absorption
apparatus according to method described by
AOAC (1990). Muscles and liver organs were
collected separately and dried in an oven at
105°C for 24 hours to a constant weight, and
then pieces of 5 g (dry weight) from muscle
tissues and 1 g from liver tissues were ashed at
550°C in the muffle furnace. After cooling, the
samples were digested with 2 ml concentrated
HNO:;. This treatment is repeated, if necessary,
to obtain clean practically C-free ash. Finally,
the ash is dissolved by 10 and completed to 25
ml with 1 N HCL or distilled water and
preserved in fridge till analysis in atomic
absorption apparatus according to method
described by Meltem et al. (2007).

The data were statistically analyzed by
completely randomized design with SAS (2002)
in relation to the following model: Yij =p + T; +
Ej;. Where p is the overall mean, T; is the fixed
effect of i" treatments, and Ej is the random
error. Means were tested for significant
differences using Duncan's Multiple Range test
(Duncan, 1955).

RESULTS AND DISCUSSION

Growth Performance

The insignificant differences among the
experimental groups for initial live body weight
showed that the groups at the start of the
experiment were homogenous.

Live body weight at 16 week were significantly
(P<0.01) affected with mercury contamination,
where it significantly increased by 40.76%,
22.64 and 12.41%, respectively in fish group fed
diet without mercury (basal diet), fish group fed
diet contaminated with mercury and supplemented
with citronella oil and fish group fed diet
contaminated with mercury and supplemented
with geranium oil when compared with those
fed diet contaminated with mercury. On the
other hand, live body weight of fish at 8 week of
the experimental period was insignificantly
affected by the treatments (Table 1).
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Table 1. Live body weight (g) and daily weight gain (g/day) of Nile tilapia fish as affected by
dietary mercury contamination and their amelioration

Treatment Body weight (g) Daily gain (g/day)

0 Week 8 Week 16 Week 0-8 Week  8-16 Week  0-16 Week
T1 6.225+0.017 18.480+0.449 43.133+2.194" 0.219+0.008 0.440+0.038" 0.330+0.020"
T2 6.268+0.010 17.787+0.283 30.642+0.655° 0.206+0.005 0.230+0.008° 0.218+0.006°
T3 6.271£0.013 18.732+0.254 37.580+1.224° 0.222+0.004 0.337+0.017° 0.280+0.011°
T4 6.249+0.018 17710+ 0.41 34.446+0.734> 0.205+0.007 0.299+0.008" 0.252+0.006"
Significance NS NS NS ok ok

NS = Not significant, *** P<0.001 and ** P<0.01.

Means in the same column with different letters differ significantly (P<0.05).

T, Control group; fish were fed the basal diet.

T, Negative control group; fish were fed a diet contaminated with 50 ppm mercury.
T; Fish were fed a diet contaminated with 50 ppm mercury and supplemented with 400 mg citronella oil/kg diet.
T, Fish were fed a diet contaminated with 50 ppm mercury and supplemented with 400 mg geronium oil/kg diet.

Daily weight gain at 8-16 and 0-16 week of
the experimental period were significantly (P <
0.001 and 0.01, respectively) affected with
mercury contamination. Daily weight gain at 8-
16 week increased by 91.30, 46.52 and 30.00%
in fish group fed diets without mercury (basal
diet), fish group fed diet contaminated with
mercury and supplemented with citronella oil
and fish group fed diet contaminated with
mercury and supplemented with geranium oil,
respectively, when compared with those fed diet
contaminated with mercury. The same figures
for 0-16 weeks were 51.38, 28.44 and 15.60%,
respectively (Table 1). On the other hand, daily
body gain of fish at 0-8 week of the
experimental period insignificantly affected with
treatments.

The present results were in good agreement
with those obtained by Sivakami ez al. (1995)
who reported that exposure fish to mercury
significantly decreased growth rate. Moreover,
the growth depression in fish in the present
study may be due to the toxicity of Hg through
the production of superoxide radicals and
glutathione enzyme depletion (Miura et al.,
1995; Agarwal et al., 2010). Decreased growth
rate may be due to the use of body energy for
repairing damaged cells which may lower the
somatic and reproductive growth (Houck and
Cech, 2004).

Relative growth rate at 8-16 and 0-16 week
of the experimental period were significantly
(P<0.001 and 0.01, respectively) affected with
mercury contamination, while, relative growth
rate at 0-8 week of the experimental period was
insignificantly affected (Table 2). Relative
growth rate at 0-16 week increased by 13.12,
8.09 and 4.93% in fish group fed diets without
mercury (basal diet), fish group fed a diet
contaminated with mercury and supplemented
with citronella oil and fish group fed a diet
contaminated with mercury and supplemented
with geronium oil, respectively, when compared
with those fed diet contaminated with mercury.

Mercury is a sculpture-seeking metal that
bind to —SCH3 and —SH groups present in
methionine and cysteine. These amino acids are
part of the enzyme structure. Often, the
sulphydryl (—SH) groups are found on enzyme
active site. In such circumstance, attachment of
Hg2+ on the —SH group would indeed be
detrimental to the activities of the enzyme
(Manahan, 1979). Metal ions have been found
to interact with cell components such as DNA
and nuclear proteins, causing DNA damage and
conformational changes that may lead to cell
cycle modulation, carcinogenesis or apoptosis
(Wang and Shi, 2001; Beyersmann and
Hartwig, 2008).
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Table 2. Relative growth rate (g gain/100 g body weight) and mortality rate (%) of Nile tilapia
fish as affected by dietary mercury contamination and their amelioration

Treatment Relative growth rate Mortality rate

0-8 Week 8-16 Week 0-16 Week 0-8 Week  8-16 Week  0-16 Week
T1 99.152+1.725 79.783+4.097" 149.358+2.223" 0+0 0+0 0+0
T2 95.749+1.182 53.065+1.199° 132.036+1.124° 6.667+3.333 3.33343.333 10+0
T3 99.663+0.909 66.853+1.673° 142.716+1.484° 00 3.33343.333  3.333+£3.333
T4 95.614+1.721 64.183£1.060° 138.544+0.981° 3.333+3.333 00 3.3334£3.333
Significance NS ok ok NS NS NS

NS = Not significant and *** P<0.001.

Means in the same column with different letters differ significantly (P<0.05).

Essential oils have several modes of actions
as antioxidant, such as prevention of chain
initiation, free radical scavengers, reducing agents,
termination of peroxides, prevention of continued
hydrogen abstraction as well as quenchers of
singlet oxygen formation and binding of transition
metal ion catalysts (Yildirim ezal., 2000;
Mao et al., 2006). The antioxidant capability of
phenolic compounds is mainly due to their redox
properties, which permit them to act as hydrogen
donors, reducing agents, singlet oxygen quenchers
as well as metal chelators (Kumar et al., 2005).

Geranium essential oil (GEO) is obtained
from the scented leaves of rose-scented geranium
and has been known for diverse biological and
pharmacological properties such as antimicrobial
(Lis-Balchin and Deans, 1996), anti-inflammatory
(Boukhatem et al., 2013), hypoglycaemic and
antioxidant (Boukhris ez al., 2012).

Mortality Rate

Results presented in Table 2 show that
mortality rate insignificantly differed among
treatments. Fish group fed diet contaminated
with mercury recorded higher mortality rate
during the whole experimental period, on the
other hand, fish fed diet without mercury (basal
diet) recorded lower mortality rate.

Feed Efficiency

Results presented in Table 3 show that feed
intake caused insignificant differences between
treatments. Daily feed intake during 0-16 weeks
increased by 6.09 and 6.49% in fish group fed

basal diet and fish group fed a diet contaminated
with mercury and supplemented with citronella
oil, when compared with those fed diet
contaminated with mercury. On the other hand
fish group fed a diet contaminated with mercury
and supplemented with geronium oil recorded
lower feed intake.

Feed conversion at each of 8-16 and 0-16
week of the experimental period was significantly
(P<0.001) affected with mercury contamination,
while, at 0-8 week of the experimental period
was insignificantly affected (Table 3). Feed
conversion at 0-16 week improved by 29.56,
16.92 and 14.27% in fish group fed diet without
mercury (basal diet), fish group fed diet
contaminated with mercury and supplemented
with citronella oil and fish group fed diet
contaminated with mercury and supplemented
with geronium oil, respectively, when compared
with those fed diet contaminated with mercury.

The present results were in good agreement
with those obtained by Sivakami et al. (1995)
who reported that exposure of fish to mercury
significantly caused deterioration of feed
conversion.

Serum Biochemical Parameters

Serum  biochemical  parameters  were
significantly (P<0.001, 0.01 or 0.05) affected
with mercury contamination (Tables 4 and 5).
Serum total protein, albumin and globulin were
increased in fish group fed control diet (without
mercury contamination) and fish group fed diet
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Table 3. Daily feed intake (g) and feed conversion (g food/g gain) of Nile tilapia fish as affected
by dietary mercury contamination and their amelioration

Treatment Daily feed intake (g) Feed conversion (g food/g gain)

0-8 Week  8-16 Week 0-16 Week 0-8 Week  8-16 Week  0-16 Week
T1 0.296+0.004 0.296+0.004 0.523+0.0095 1.3564+0.040 1.722+0.119° 1.594+0.074°
T2 0.289+0.004 0.698+0.016 0.493+£0.010 1.404+0.014 3.042+0.088" 2.263+0.032°
T3 0.300£0.004 0.749+£0.011 0.525+0.007 1.350+0.008 2.234+0.089" 1.880+0.049"
T4 0.289+£0.006 0.687+0.040 0.488+0.022 1.414+0.026 2.300+0.129" 1.940+0.061°
Significance NS NS NS NS rHE oAk

NS = Not significant and *** P<0.001.
Means in the same column with different letters differ significantly (P<0.05).

Table 4. Blood total protein and its fractions of Nile tilapia fish as affected by dietary mercury
contamination and their amelioration.

Treatment Total protein Albumin Globulin Albumin : Globuin
(g/100ml) (g/100ml) (g/1001) Ratio

T1 5.680+0.012° 3.510+0.006" 2.170+0.006° 1.618+0.001°

T2 4.713+0.152° 3.140+0.012¢ 1.573+0.155° 2.033+0.193*

T3 5.350+0.029" 3.240+0.023° 2.110+0.006° 1.536+0.007°

T4 5.280+0.017° 3.190+ 0.006° 2.090+0.023* 1.527+0.020°

Significance ok ok *k *

*** P<0.001, ** P<0.01 and * P<0.05
Means in the same column with different letters differ significantly (P<0.05).

Table 5. Serum transaminase enzymes (AST and ALT), alkaline phosphatase (ALP), createnine
and urea-N of Nile tilapia fish as affected by dietary mercury contamination and their

amelioration
Treatment AST{U) ALTU) Createnine Urea-N ALP
(mg/100ml) (mg/100ml)

T1 20.133£0.291°  14.600+0.346°  0.217+0.007° 12.267+0.088° 33.167+0.713*
T2 24.233+£0.233*  24.733+0.296°  0.540+£0.025* 18.767+0.333* 17.733+1.087"
T3 22.400+0.115°  17.667+0.371°  0.300+0.038"  15.967+0.463° 22.833+0.524¢
T4 21.467+0.536"  16.967+0.120° 0.280+0.017° 15.433 £0.203" 27.000 +£0.404°
Significance s - - - -

*%% P<(.001.

Means in the same column with different letters differ significantly (P<0.05).
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contaminated with mercury and treated with
citronella oil followed by fish group fed diet
contaminated with mercury and treated with
geranium oil, respectively while serum albumin/
globulin ratio decreased when compared with
fish groups fed diets contaminated with mercury
(Table 4).

Serum ALT, AST, urea-N and createnine
significant increased in fish group fed diet
contaminated with mercury (Table 5). These
findings agreed with those found by Abdel-
Tawwab et al. (2004) who found that AST,
ALT and ALP activities were decreased on Nile
tilapia exposed to inorganic mercury.

Also Gill et al. (1990) who found a marked
reduction in hepatic, branchial and renal AST
and ALT in rosy barb (Puntius conchonius) after
toxication with mercuric chloride. They mentioned
that, the reduced levels of aminotransferase in
various organs may result from tissue damage
and consequently the reduction of enzyme turnover
causally related to the presence of toxic mercury.

Mercury Residual in Fish Body

The bioaccumulation of mercury in liver and
muscles of fish were measured at the end of the
experimental period. Residual of mercury
significantly decreased (P<0.001) by 29.53 and
31.49 in the liver and muscles of fish group fed
diet contaminated with mercury and supplemented
with citronella oil, respectively. Also in fish
group fed diet contaminated with mercury and
supplemented with geronium oil decreased by
41.45 and 47.24, respectively (Table 6).

Similar finding was also demonstrated in Hg
contaminated fish Gymnotus carapo, after acute
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exposure to Hg'*; the highest mercury level was
found in the liver, followed by the gills and
lowest concentration was observed in the
muscles (Vergilio et al., 2012). Muscles was
found to accumulate small amounts of all the
heavy metals and might have received them
through circulation. It was suggested that, the
low accumulation of metals in muscles may be
due to lack of binding affinity of these metals
with the proteins of muscles (Osman, 2012).

Liver plays multifunctional role in detoxification
mechanism and storage process and may be due
to their strong binding with cystine residues of
metallothionein, where the lower molecular
weight protein has high affinities for heavy
metals and its storage as a constituent of hepatic
cytoplasm, trigger increased accumulation of
metal in the liver (Ashraf et al., 2011;
Montaser et al., 2010).

Mercuric ion, gradually ionic mercury forms
complexes with SH group and other ligands in
the tissues of the body and only a very small
fraction exists in the free from (Ashraf et al.,
2012).

Conclusion

Based on the obtained results it could be
concluded that, growth rate and feed conversion
improved by dietary essential oils supplementation.
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Table 6. Mercury residual (ppm) of Nile tilapia as affected by dietary mercury contamination

and their amelioration.

Treatment Muscles Liver

T1 0.000+0.000° 0.000+0.000°
T2 0.127+0.012° 0.1930.009°
T3 0.040+0.006° 0.057+0.009°
T4 0.060+0.006° 0.080:£0.000°
Significance wkk wkok

*#% P<(0.001. Means in the same column with different letters differ significantly (P<0.05).
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