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Abstract 

This research has aim to determine the toxicity of diesel fuel pollutant in reared media on haemolymph performs, tissue 
damage, and changes in the protein content of mud crab (S. serrata). In this research, two treatments, namely control and 
media contaminated with diesel (1.3852 ppm) with three individual repetitions were applied. The parameters which observed 
were haemolymph performance, the Total of Haemocyte Count (THC), tissue damage in gill organ and hepatopancreas, and 
changes in protein content. The THC observations were conducted twice, namely on the first day and the seventh day of 
exposure. The results of this research showed that the average value of THC of mud crab on the first day of observation for 
control was 1.53×107 cells/ml, while the diesel-polluted treatment was 1.41×107 cell/ml. Furthermore, on the seventh day 
of observation, the THC of control was 2.64×107 cell/ml, while in the treatment which polluted by diesel was lower than 
control (1.66×107 cell/ml). However, the THC on day 1st and day 7th for each treatment was not significant. The results of 
histological examination showed that necrosis of the gills while the hepatopancreas experienced vacuolization and necrosis. 
Then, the analysis results of protein content showed that the meat protein content initially was 54.79% on day 1st, while in 
the treatment group decreased significantly into 48.93% after 7 days. The survival rate of mud crab in the diesel-polluted 
treatment was 25% or it was lower than the control treatment which reached 75%. Water quality, especially dissolved oxygen 
(DO) and pH level showed significant change in the diesel-contaminated media. This study concluded that the longer it was 
exposured to diesel pollution, it caused changes in the metabolism of the mud crab, and it was marked by a lower in the 
amount of THC, tissue damage, and a decrease in protein content, especially on the seventh day after exposure. Therefore, 
these three parameters in the mud crabs can be used as a reference for biomonitoring the quality of the aquatic environment 
which caused by diesel pollution. 
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Introduction 

Diesel pollutant is one type of heavy metals which exists 
in nature and whose source is from the result of diesel 
refining, so that the main composition is hydrocarbon. Oil spill 
in the water cause the surface of water is covered by a layer 

of oil so that it has an impact on the penetration of sunlight 
into the water and causes the process of photosynthesis is 
inhibited in the euphotic zone [1,2]. The metal content which 
accumulates in the water can be absorbed into the body of 
organism through respiration, absorption in the skin, food 
chain, then most of it will be released back through the 
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excretory system, while some will be accumulated in fat and 
protein compounds. When it is absorbed into body, it will 
cause allergies, hypertension, damage to the nervous system, 
the decrease of liver and kidney function, gene mutation, and 
cancer [3-5].

One of the target areas for the distribution of diesel 
spill is the estuary area [6]. Crabs are one of the organisms 
which live in estuarine areas, so that they have a great 
chance of being exposed by diesel pollutants. Several 
organisms and parameters have been used as biomonitoring 
of environmental damage due to pollutants, however, 
especially for the mud crabs, they are still rarely used, 
especially pollution due to diesel pollutants. Therefore, to 
analyze the impact of diesel pollutants in aquatic organisms 
by focusing on their relationship to the physiology of mud 
crabs. The haemolymph profile can be used as an indicator of 
toxic substance contamination [7-9] and as stress indicator 
of physiology of body which can be seen from changes in the 
number of haemocytes (THC) which is related to the immune 
response in crustacean organisms including crabs [10-12].

Histological description can be used to see the level 
of tissue damage because of the accumulation of diesel 
pollutants. Histological appearance on the gills of milkfish 
(Chanos chanos) and catfish (Clarias gariepinus) exposed 
to diesel pollutants shows the aneurism, fusion of gills 
lamellae, loss of secondary lamellae, edema, degeneration 
of mucous cells and gill cells necrosis [13,14]. Besides those 
two parameters, the observation of protein content can also 
be used as a biomarker toward the response of chemical 
or various environmental stressors in the water [15,16]. 
Therefore, this research is very important to be done to see 
the response of mud crabs which were given diesel exposure. 
The purpose of this study was to determine the toxicity of 
diesel pollutants that were artificially exposed to the media 
of experiment of mud crab with a certain concentration 
on haemolymph performance, tissue damage, and protein 
content of mud crab, S. serrata. It is hoped that the results of 
this research can be a source of reference and information 
regarding the impact of diesel pollutant pollution in aquatic 
organisms as well as an early warning system toward the 
damage of aquatic environment.

Materials and Methods 

The Stages of Preparation and Acclimatization

Two fiber tubs with their size 2 m x 1 m x 30 cm were 
used as containers to maintain, itu used as container to 
control and diesel polluted water treatment. In each fiber 
tub, 3 crab box (plastic basket) was prepared as a container 
for each 4 crabs. The basket had a cover to prevent the crabs 

from coming out of the container during the research.

The mud crabs which used were 5.42-6.01 mm length, 
7.14-8.0 mm wide, and weighed 110-119 g. Those mud crabs 
were from the catch in nature by fishermen and those which 
traded in the market. During in the laboratory, adaptation 
process was first carried out for 3 days until the crabs 
showed a normal response before entering the rearing time.

The diesel which used was taken from a gas station in 
Kendari. The determination of diesel concentration in this 
study referred to the results of research King MA, et al. [1] 
which showed that the LC50-96 hours of diesel oil in crabs was 
as much as 13.852 ppm. Furthermore, for the use of the dose 
which tested in this study was 10% of the LC50-96 hours of 
diesel oil which were exposed to the maintenance medium. 

Observed Variables

The sampling technique was carried out twice during the 
study, namely on the first day of exposure and the seventh 
day. The observed variables are as follows:
•	 Total Haemocyte Count (THC): Haemolymph was 

taken as much as 0.1 ml using a syringe containing 0.1 
ml of 3.8% sodium citrate anticoagulant then it was 
observed under a microscope to calculate the THC used 
haemocytometer (Neubauer, Germany) [17]. 

•	 Tissue Examination (Histopathology): The tissue 
examination of the gills and hepatopancreas begins with 
maked sample preparation. The collected tissues were 
fixed in 10% formaline for 10h, dehydrated in graded 
ethanol series, cleared in xylene, embedded in paraffin 
wax, sectioned with a microtome (5 µm of thickness), 
mounted on glass sides. The tissuees were deparaffinized 
in xylene and stained with hematoxylin and eosin (H&E) 
solution for tissues structural analysis [18]. The tissues 
were examined with microscope (Olympus cx-21 LED), 
magnification 400×. The histology process is carried 
out in Laboratory of Pathology and Toxicology, Maros 
Disease Investigation Center, Directorate General of 
Livestock and Animal Health.

Protein Content

Kjeldhal method was used as protein content analysis 
in this study [19]. Mud crab meat were destructed used 
concentrated H2SO4 at a gradually increased temperature 
of 37-45°C, then cooled and diluted with distilled water, 
added with 30% sodium hydroxide solution. The solution 
was heated and the vapors was trapped. In the special trap 
tube, given 0.1 N hydrochloric acid solution which has been 
given a methyl red indicator. The result was then checked 
for pH, if it was not alkaline then the distillation process was 
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stopped. The distillation product was titrated with 0.1 N 
sodium hydroxide solution. The titration was stopped when 
the color changes from pink to yellow. This value obtained 
was referred to as the sample titration volume (V1). The next 
stage was carried out the titration procedure as before but 
the distillation product was replaced with distilled water. 
The value obtained was referred to as the blank titration 
volume (V2).

The protein content based was calculated by the equation:

% Protein = 
( )1 2V V

 N NaOH  14.008  DF 100%
W  10

−
× × × ×

×
 

Note: 
V1 = sample titration volume (ml)
V2 = blank titration volume (ml)
N = standard NaOH normality
DF = diluent factor
W = Sample weight

Survival Rate

The survival rate was calculated use the equation [20]: 

SR = 
0

Nt  100%
N

×

Note:
SR = Survival rate (%)
Nt = Number of living mud crabs at the end of rearing 
N0 = Number of crabs at the beginning of rearing.

Water Quality Parameters

Water quality parameters which were measured in this 
study were temperature, salinity, pH, and dissolved oxygen 
(DO). The rearing of crabs, analysis of protein and water 
quality were carried out in Laboratory of Fisheries and 
Marine Science, Halu Oleo University, Indonesia.

Results

The Performance of Total Hemocyte Count 
(THC) of Mud Crab 

Figure 1 showed that the average value of THC in mud 
crabs, both the observation on the first and seventh day, in 
the diesel pollutant treatment were lower than the control 
treatment. On the seventh day, the value of THC the control 
treatment was getting different from the diesel pollutant 
treatment but statistical analysis showed no significant 
difference between them.

Figure 1: Total haemocyte count (THC) of mud crab at days 1 and 7 (after treatment of diesel pollutant). Statistical analysis 
showed no difference between the two groups.
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Histological Changes in Mud Crabs Due to Diesel Pollutant Exposure

Figure 2: Histopathology of mud crab gill: (a) Control; (b) Contaminated with diesel pollutant, arrows indicate necrosis (1) 
(Magnification 400×).

Based on the histological description of the mud crab 
gills in Figure 2, it can be seen in the control treatment (a) 
normal tissue structure in the primary (LP) and secondary 

(LS) lamellae, while in the diesel pollutant exposure 
treatment (b) necrotic cells appeared in all parts of the gills 
both LP as well as LS.

Figure 3: Histopathology of the mud crab hepatopancreas: (a) Control; (b) Contaminated with diesel pollutant, arrows indicate 
necrosis (1) and vacuolization (2) (Magnification 400×).

The hepatopancreas of mud crab (Figure 3) in the 
control treatment (a) there was no any changes in the tissue 
structure of the hepatopancreas tubules. The structure 
looked normal with a neat star-shaped lumen, whereas 
there were significant changes in the vacuole (v) which 

experienced hard hyperplasia which was characterized by 
an increase in the size of the vacuole in the diesel-polluted 
treatment. In addition, there was also necrosis (n) and the 
lumen, which was normally star-shaped, it was not clearly 
visible, so that the vacuole was more clearly visible.

Changes in Protein Content Caused of Diesel Pollutants

No Treatment
Protein Content (%)

Days
1 7

1 Control 54.79 58.66a

2 Diesel Pollutant same 48.93b

Table 1: Results analysis of protein content of mud crab meat.
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Different superscripts in the column 7 day indicate 
statistically significant differences (p < 0.05). The protein 
level on the first day was (54.79%) for all of group, while on 
the seventh day, it was decreased (48.93%). It showed that 
the longer the diesel exposure time, the lower the protein 
content of mud crabs. The value of protein content in this 
study was significant both in the control and contaminated 
treatment with diesel fuel.

Survival Rate

Figure 4: Survival rate of mud crabs at seventh day of 
treatment. Different superscripts next to number indicate 
statistically significant differences (p < 0.05)

Observations on the seventh day showed that mud crabs 
exposed to solar pollutants had a low survival rate (25%), 
there was a mortality of mud crabs reaching 75% of the 
test animals. The results of statistical tests using the T test 
showed that there was a significant difference between the 
two treatments.

Water Quality Parameters

No. Group Parameter Result
Optimum 

range 
(FAO, 2011)

1 Control

Temperature (oC) 27 25-35
Salinity (ppt) 18 30-Oct

pH 7.3 7.0-9.0
DO (mg/l) 6.3 ≤ 5 mg/l

2 Diesel 
polluted

Temperature (oC) 26 25-35
Salinity (ppt) 16 30-Oct

pH 6.8 7.0-9.0
DO (mg/l) 2.8 ≤ 5 mg/l

Table 2: The average value of the results of water quality 
analysis during research.

The results of the water quality analysis show that the 
temperature and salinity parameters in the treatment of 
water exposed to diesel pollution are lower than the control 
treatment but are still in the optimum standard range. While 
the DO and pH values in the water treatment exposed of diesel 
pollution were not only lower than the control treatment but 
also it lower than the standard optimum range.

Discussion

The hemolymph in crustacean organisms has a cellular 
component of haemocytes and a liquid component in the 
form of plasma and consists of various humoral factors 
(macro molecules in the circulatory system) which has 
function to integrally produce the immune system [21]. 
According to Parisi MG, et al. [22] hemocytic cells play a role 
in the generation of cytotoxic molecules toward the exposure 
to toxic compound and have function in the maintenance of 
homeostasis and are fully responsible for various protective 
mechanisms in the body. According to Kulkarni A, et al. [23] 
crustacean organisms do not have memory cells in their 
immune system so that they cannot recognize the same 
unknown cells which enter the body, it was also happened to 
the mud crabs.

The increase of THC in the diesel-contaminated 
treatment on the seventh day was caused by the response of 
immune from the body of crabs which was formed after being 
triggered by the presence of unknown compound originating 
from diesel oil. This is in line with the research of Suharni, 
et al. [24], in which the presence of compound contained 
in diesel oil had caused an increase in the amount of THC 
in freshwater lobsters (Cherax quadricarinatus). According 
to Melillo D, et al. [25,26], the increase in the number of 
haemocytes is in line with the increase of body resistance 
of crustacean organisms in overcoming pathogenic attacks 
in the body, it related to the function of haemocyte cells 
as a non-specific cellular defense system. It is in line with 
research of Qin Q, et al. [11] where the amount of THC in mud 
crabs increased significantly on the 2nd day after exposure of 
phenol compound which indicated a response to the immune 
system to fight unknown compound which entered the body 
of crabs.

Histological observation which done toward the gills 
of mud crabs in the control treatment did not identify 
any changes in the structure of tissue, while in the diesel 
contaminated treatment, it was identified that there was 
necrosis in almost all parts of the gill lamella, it was marked 
by changes in the shape of the nucleus which become smaller 
and enlarged [27]. According to Yadaf S, et al. [28], necrosis 
is damage in body cells and it is because of the degeneration 
process caused by lack of blood supply, characterized by 
swollen cell and tissue dysfunction due to damage in the 
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organs of body. Necrosis is also associated with the condition 
of oxidative stress and its complication.

Necrosis occurred in the gill lamellae which 
contaminated with diesel fuel. It was estimated due to the 
presence of hydrocarbon originating from diesel pollutants, 
it also caused disruption of gill respiration and ischemia or 
lack of blood supply in body tissues, so that when condition 
of ischemia happened in a long time, it will cause necrosis 
in the cells of gill. This is in line with the statement of Bains 
JS, et al. [29,30] that necrosis was caused by the presence of 
xenobiotics into the body of organism which inhibited the 
metabolic processes so that the process of energy formation 
did not occur for the life of body cells. It caused disturbances 
in the respiratory process so that if it happened a long time, 
then the binding power of oxygen in the gills for metabolic 
processes would decrease and the availability of oxygen in 
the body would decrease too.

According to Davilarashati K, et al. [31,32], hydrocarbon 
compound which found in crude oil could cause an increase 
in methemoglobin in the blood and it caused the obstruction 
of oxygen transportation so that the blood lacked of oxygen 
and sooner it would cause the rupture of blood vessel in 
the gills. Ubong G, et al. [32] added that the condition of cell 
degeneration in the gills caused by hydrocarbon content 
could cause asphyxia which was a condition of lack of oxygen 
so that when it happened in a long time it would cause 
necrosis and death because the cells did not receive oxygen 
properly. Physical observation in the gills of mud crabs 
showed that there was diesel oil entering the filaments of 
gills of mud crabs.

Hepatopancreas is an organ in crustaceans which seems 
like a lump of fat in the body with has function like liver and 
pancreas in mammals and plays a role in biotransformation 
and can detoxify and neutralize toxic compound which enter 
to body so that it can be excreted through the excretory 
system in the metabolic processes of body [27,33,34].

Based on the observation of hepatopancreas in the 
control treatment, it did not find any changes in the structure 
of tissue and the tubules were still in normal condition 
(Figure 3a). Meanwhile, in the observation of polluted diesel, 
it showed that the vacuoles which had hard hyperplasia and it 
was marked by the enlargement of the vacuoles and necrosis 
in the hepatopancreas tissue of mud crab. Vacuolization is 
a condition where the nucleus cell and cytoplasm are not 
visible at the time of identification because of the damage 
to the liver [35]. The occurrence of vacuolization in the 
hepatopancreas was caused by the accumulation of fat in the 
space in the cells so that it caused it could not work optimally, 
especially during metabolism to detoxify xenobiotics that 

enter the body.

This is in line with the statement of Melo MSD, et al. [36] 
that vacuolization happened because of fat degeneration 
which was characterized by histological appearance in the 
form of vacuoles, where the vacuole is a space in the form of 
a fluid-filled cavity covered by a membrane inside the cell. 
The liquid can be in the form of mineral salt, lipid, enzymes, 
alkaloid, acid and bases. Beside big cells which filled with 
fat piles, vacuolization can also be in the form of cells in the 
tubular epithelium that are empty because they have lost 
their contents, namely empty [37,38].

The statement above is also in line with what was said 
by Nur I, et al. [39] that the occurrence of vacuolization in the 
hepatopancreas of lobsters is characterized by the increase 
vacuoles and phagocytic content in the cytoplasm, damaged 
tubules and enlarged lumen. Besides having vacuolization, 
hepatopancreas tissue also has necrosis (n) as shown in 
Figure 3b which characterized by the presence of damaged 
cells because of exposure of diesel containing hydrocarbon 
compound [40-42].

Protein is complex organic compound with high 
molecular weight and consist of a polymer consisting of 
amino acid monomers which linked to each other through 
peptide bonds. In the protein amino acid, it contained some 
molecules including oxygen, carbon, nitrogen, hydrogen, 
sometimes it also contained phosphorus and sulfur. Protein 
function is very important for living cells and plays an 
important role in the process of forming antibodies, enzymes 
and hormones. In addition, protein also acts as a source of 
nutrition, as a source of amino acid for some organisms 
whose bodies are unable to form amino acid [43,44].

Some changes in the value of protein content in mud 
crabs were closely related to environmental factors as 
explained by FAO [45] that the protein content in mud 
crab body is influenced by several factors, namely age, sex, 
reproductive phase, and environmental condition, such 
as temperature, water pH, salinity, nitrite, and dissolved 
oxygen (DO). One of the environmental factors which could 
influence some changes in the protein value of mud crabs 
was the presence of heavy metals, such as diesel pollutants 
containing hydrocarbons in the aquatic environment as 
stated by Davilarashati K, et al. [31] that hydrocarbon has 
toxic components and has bad influence on growth and 
development, reproduction, and behavior of marine biota, 
especially plankton and the worst effect was death so that 
it could reduce production. According to King MA, et al. [1] 
hydrocarbon compound which are from diesel oil has high 
toxicity and it is carcinogenic because of the biological 
activity of hydrocarbons which has low weight molecule, 
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such as benzene and toluene.

The protein level of mud crabs which contaminated 
by diesel decreased on the seventh day of exposure, it was 
estimated that it was closely related to the function of protein 
as body defense. Kupper TS, et al. [40- 42] suggests that 
proteins in the body plays an important role in the formation 
of enzymes, hormones, and body defense substances, 
such as lymphocytes, leukocytes, immunoglobulins and 
others. The decrease in protein content in the diesel-
contaminated treatment was estimated that it was related 
to the physiological condition of crabs, it occurred when 
synthesizing protein in the body to produce energy that will 
be used to maintain homeostatic condition and regenerate 
cells and tissues which had been damaged by exposure to 
diesel pollutant materials which contained toxic compound. 
This is in line with Burke LM, et al. [43,44] statement that 
protein in the body is used as a source of fuel in the body 
when the need of energy body was not met by carbohydrates 
and fat. Landvik NE, et al. [46-48] explained that the role of 
protein in the body is to regulate the metabolic processes and 
growth, provide energy for the body, as a building substance 
nd maintain tissue cells in the body.

The survival rate of mud crab in the diesel-polluted 
treatment was 25% or it was lower than the control 
treatment which reached 75%. It is thought to correlate 
with an increased impact of tissue damage on the gills and 
hepatopancreas. Necrotizing gill tissue will have an impact 
on the rate of respiration, lack of blood and oxygen supply in 
body tissues [13,14] and inhibit the metabolism of energy in 
cells [29,30]. Necrosis of the hepatopancreas as a result of the 
induction of toxic substances into the body will encourage 
toxic substances to spread throughout the tissues. The 
accumulated impact of these two conditions is thought to be 
responsible for the mortality of the test organisms so that 
the mortality of mud crabs in the diesel polluted treatment 
increased to 75%.

Water quality analysis showed that the DO and pH values ​​
of the waters media which diesel pollutant exposure were 
lower than the optimum standard range. The low DO due to oil 
contamination is responsible for respiratory difficulties and 
increased organism mortality [32]. Histological observations 
show that low DO values ​​have an impact on necrosis of 
gill tissue, ruptured blood vessels, ischemia, inhibited the 
metabolic processes and energy formation for the life of 
body cells, as previously described [29,30]. The decrease of 
DO value due to oil content in water causes oxygen exchange 
in water and air to be hampered and this makes respiration 
more difficult. Observation of the pH showed that the diesel 
polluted treatment with a value of 6.8 was actually lower 
than the normal standard range. However, this value only has 
a slight difference between the two, so it is suspected that 

it does not have a large physiological impact on mud crab. 
Previous studies conducted on zebrafish [49] have shown 
that low pH can induce biochemical and hematological 
alterations but this study was conducted in pH exposure at 
value 5.0, or at sub lethal concentration. Other studies also 
explain that low pH (5.7) affects osmoregulation, stress and 
growth performance but when it was accompanied by high 
total ammonia nitrogen (TAN) values [50].

Conclusion

The diesel pollutant caused an decrease in the THC 
value on the seventh day of exposure, and it indicated a 
physiological failure toward the mud crab (S. serrata). Diesel 
pollutants had caused tissue damage which marked by 
necrosis and vacuolization in the gills and hepatopancreas 
of mud crab. Diesel pollutants also caused a decrease in 
protein content and survival rate of mud crabs. In addition, 
it decreased water quality, especially DO and pH. Stress due 
to being exposed to pollutant diesel has an impact on the 
performance of THC, tissues and metabolism in the mud 
crabs.
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