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United Nations reported that the world’s average per capita consumption of fish
exceeded 20 kg in year 2016. To meet the demand, many farms culture fish intensively
which induces stress and increases fish susceptibility to diseases. In order to prevent
the occurrence of diseases, the application of chemicals such as malachite green (MG)
as a prophylactic treatment has become a common practice in some countries. However,
the use of MG is strictly prohibited in fish for human consumption by the European
Union and US Food and Drug Administration due to its potential carcinogenic and
genotoxic properties. In spite of its health hazard, recent findings indicate the presence
of MG and its metabolite, leucomalachite green (LMG) residues in many fish samples
from all over the world and are of concern to human health due to the fact that
consumption of fish is high in many countries. Therefore, this research examined the
toxicity and accumulation of MG residues in red tilapia (Oreochromis hybrid) which is
one of the highly consumed freshwater fish species in Malaysia. A sensitive liquid
chromatography-tandem mass spectrometry (LC-MS/MS) method was used to test the
residues of MG and LMG which was validated using red tilapia fish muscle. A
simplified method without the use of solid phase extraction for sample preparation was
used. The decision limit and detection capability for MG were 0.05 pg/L and 0.09 pg/L
and LMG were 0.05 pg/L and 0.08 pg/L. Acute toxicity bioassay was performed, and
based on the 96 h LCsp result which was 1.06 mg/L, red tilapia were exposed to the
acute, sub-acute and sub-lethal concentration of MG. Subsequently, growth parameters,
blood chemistry, antioxidant status and oxidative stress were measured. Furthermore,
the withdrawal period of MG after exposure to different treatment regimes was
determined. Red tilapia exposed to long-term bath showed the highest accumulation of
total MG and LMG residues (441.38 pg/kg) immediately after treatment in comparison
to dip (once), dips (once for 5 days), short-term bath (once) and short-term bath (once
for 5 days). After 30 days, sum residues of MG and LMG were 13.30 pg/L for long-
term bath, whereas, for all other treatments it was below 0.26 pg/kg. In addition, MG
and LMG residues in muscle tissue of commonly consumed fish such as red tilapia
(Oreochromis hybrid), African catfish (Clarias gariepinus), Asian seabass (Lates
calcarifer), hybrid grouper (Epinephelus fuscoguttatus x Epinephelus lanceolatus) and



striped catfish (Pangasius hypophthalmus) were quantitatively analysed using LC-
MS/MS. The fish were purchased from 11 different markets in the state of Selangor,
Malaysia. Results showed that sum residues of MG and LMG ranged from 0.53 to 4.10
pg/kg, with the highest residue detected in domestic striped catfish. This study
indicates that MG is still being used and aquaculture stakeholders should be made
aware of the judicious use of MG for the benefit of public health.
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Pertubuhan Bangsa-bangsa Bersatu melaporkan jumlah konsumsi ikan per kapita dunia
melebihi 20 kg pada tahun 2016. Bagi memenuhi permintaan ini, kebanyakan ladang
menternak ikan secara intensif; dimana kultur persekitaran adalah seringkali tertekan
(stress) dan ini memudahkan ikan dijangkiti penyakit. Untuk mengelakkan jangkitan
penyakit-penyakit ini, penggunaan bahan kimia seperti ‘malakit hijau’ (MG) sebagai
rawatan profilaksis masih sering dipraktikkan di sesetengah negara. Biarpun
penggunaan MG untuk rawatan ikan bagi tujuan konsumsi manusia adalah dilarang
keras oleh pertubuhan EU dan USFDA disebabkan potensi karsinogenik dan
genotoksiknya, sisa MG dan metabolitnya iaitu ‘leukomalakit hijau’ (LMG) masih
ditemui di dalam banyak sampel ikan dari pelbagai negara. Hal ini, menimbulkan
kebimbangan dikalangan pengguna terutama kesannya terhadap kesihatan manusia
berikutan fakta peningkatan konsumsi ikan di kebanyakan negara. Penyelidikan ini
dijalankan bagi mengkaji kesan toksik dan pengumpulan sisa MG pada ikan tilapia
merah (Oreochromis hibrid), memandangkan ia adalah sejenis ikan air tawar yang
paling banyak diternak di Malaysia. Kaedah kromatografi cecair tandem
spektrofotometri jisim (LC-MS/MS) telah digunakan untuk mengesan sisa MG dan
LMG di dalam isi ikan tilapia merah. Kaedah ringkas penyediaan sampel tanpa
menggunakan pengekstrakan fasa pepejal telah digunakan. Had keupayaan pengesanan
MG ialah di antara 0.05 pg/L dan 0.09 pg/L manakala LMG adalah 0.05 pg/L dan 0.08
pg/L. Tilapia merah juga didedahkan kepada kepekatan MG akut, sub-akut dan sub-
maut berdasarkan keputusan bioassei ketoksikan akut 96 h LCsp iaitu pada 1.06mg/L.
Seterusnya, parameter pertumbuhan, kimia darah, status antioksidan dan tekanan
oksidatif ikan telah diukur. Tempoh penyingkiran MG daripada ikan selepas
pendedahan pada regim MG yang berlainan juga dikaji. Tilapia merah yang
didedahkan secara mandian jangka panjang mampu mengumpul sisa MG dan LMG
yang tertinggi iaitu 441.38 ug/L serta merta selepas rawatan berbanding dengan kaedah
celup (sekali), celup (sekali selama 5 hari), mandian jangka pendek (sekali) dan
mandian jangka pendek (sekali selama 5 hari). Selepas 30 hari, jumlah sisa MG dan
LMG yang terkumpul adalah 13.30 pg/L untuk mandian jangka panjang manakala
rawatan-rawatan lain adalah di bawah 0.26 pg/L. Selain itu, sisa MG dan LMG dalam



tisu otot ikan yang lazim dimakan seperti ikan tilapia merah (Oreochromis hibrid), keli
Afrika (Clarias gariepinus), siakap (Lates calcarifer), kerapu hibrid (Epinephelus
fuscoguttatus x E. lanceolatus) dan ikan patin (Pangasius hypophthalmus) telah
dianalisis secara kuantitatif menggunakan LC-MS/MS. Ikan-ikan ini diperolehi dari 11
pasar awam yang berlainan di sekitar negeri Selangor, Malaysia. Hasil kajian
menunjukkan sisa MG dan LMG yang dikesan berjumlah di antara 0.53 hingga 4.10
Mg/L, dimana kandungan sisa tertinggi dikesan di dalam ikan patin. Kajian ini
menunjukkan bahawa penggunaan MG masih dipraktikkan secara meluas dan pihak
berkuasa perlu sedar tentang risiko penggunaannya agar tidak menjejaskan kesihatan
orang awam.
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CHAPTER 1

INTRODUCTION

The world’s population is projected to reach 9.7 billion by 2050 (United Nations 2015).
Food demand is expected to increase by 59% to 98% (Elferink and Schierhorn 2016).
This pose a threat to food security, considering that the limited natural resources have
shown declining signs of sustainability. Hence, farmers worldwide will have to
increase their agricultural crop production. Fish is an important source of food as it
provides more than 4.5 billion people with at least 15% of their average per capita
intake of animal protein (Béné et al. 2015). However, capture fisheries have been
relatively static since the 1980s (FAO 2016). This is shown by the slow growth of
global total capture fisheries production which was 87.7 million tonnes in 1996 (FAO
2011), 90.0 million tonnes in 2006 (FAO 2012) and 93.4 million tonnes in 2014 (FAO
2016). On the other hand, an increasing trend was seen in aquaculture production
(Figure 1.1), which is one of the fastest growing sectors of global food industry which
amounted to 47.3 million tonnes in 2006, 59.9 million tonnes in 2010 (FAO 2012) and
73.8 million tonnes in 2014 (FAO 2016). Asian countries are the leading producers of
aquaculture species in the world (Table 1.1). Thus, the production of fish should meet
the food safety standards for the safety of consumers worldwide.
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Figure 1.1: World capture fisheries and aquaculture production (Source: FAO,
2016).



Table 1.1: The top 15 producers of farmed aquatic species in 2014 (FAO, 2016).

Country Total aquatic animals Total aquatic animals &
plants
(Thousand tonnes)
1 China 45, 469.0 58, 795.3
2 Indonesia 4,253.9 14, 330.9
3 India 4,881.0 4,884.0
4 Vietnam 3,397.1 3,411.4
5 Philippines 788.0 2,337.6
6 Bangladesh 1, 956.9 1, 956.9
7 Republic of Korea 480.4 1,567.4
8 Norway 1,3325 1,332.5
9 Chile 1,2145 1,227.4
10 Egypt 1,137.1 1,137.1
11 Japan 657.0 1, 020.4
12 Myanmar 962.2 964.3
13 Thailand 934.8 934.8
14 Brazil 561.8 562.5
15 Malaysia 275.7 521.0

Aquaculture is an alternative sustainable solution and is one of the most resource-
efficient methods to produce a continuous and consistent supply of protein for human
consumption as compared to other domestic livestock in terms of food conversion ratio.
Figure 1.2 illustrates that farmed fish is the most efficient means in producing protein
when compared to cattle, hogs and broiler chicken. However, shortage of agricultural
land due to urbanization and freshwater scarcity urges fish farmers to move towards
intensive aquaculture to meet the rising demand for inexpensive food for the people.
Although high-value fish gets the lion’s share of attention, the low-value inland finfish
is the bulk of world’s aquaculture production (Subasinghe et al. 2000).

Feed convertion ratio
Estimated feed required to gain one pound of body mass

Cattle
6.8
Hogs
J 2.9
Broiler chickens
1.7
Farm-raised fish
1.1
0 2 Pounds 4 6 8

Figure 1.2: A comparison of feed conversion ratio for the production of beef,
poultry and farmed fish (Global Aquaculture Alliance, 2016).
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Through intensive farming, operating cost is more economical and farmers are able to
easily monitor their fish and get higher productivity in a limited amount of land.
However, culturing fish beyond its carrying capacity stresses the environment as well
as the cultured animals and usually results in disease outbreak (Mehana et al. 2015).
Survey on the annual losses due to diseases in 16 Asian countries was reported to be
equivalent to USD 16 billion (OIE 2016), indicating that disease is a primary constraint
in aquaculture. Farmers, however, often take risk by practicing high-density cultures
and frequently use chemicals as prophylaxis to minimise the occurrence of diseases by
opportunistic infectious agents (Subasinghe 2009).

The success of fish farming is highly dependent on external inputs, and one of them is
chemicals (Subasinghe et al. 2000). Chemicals have been used in aquaculture for
centuries not only in health management but also for soil and water management,
aquatic productivity enhancement (probiotic), live fish transportation, feed formulation,
growth promotion and as a value addition to the final product (Chowdhury et al. 2012).
In addition, chemicals (vitamin and immunostimulant) are also used to manipulate and
enhance reproduction (Arthur et al. 1996), improve the survival rate of fingerlings, and
build stronger immune system against pathogenic bacteria. However, the type of
chemicals depends on the purpose, culture system, and species. Apart from antibiotics,
there are pesticides, herbicides, biocides, algaecides, and biosecurity disinfectants to
control the aquatic pest, treat disease, and protect farm infrastructure. For instance,
anti-fouling paints such as copper oxide (Abdel-Khalek et al. 2015) are used to coat net
and cages to prevent attachment of marine organisms which could reduce the water
flow rate, decrease dissolved oxygen and affect the durability of nets. In aquaculture,
formalin, florfenicol, tricaine methanesulfonate, oxytetracyline, hydrogen peroxide,
sulfamerazine and sulfadimethoxine are among the approved drugs by Food and Drug
Administration (FDA) (Table 1.2).

On the other hand, chloramphenicol, nitrofurans, fluoroquinolones, quinolones,
malachite green (MG) and steroid hormones are not approved to be used in the
production of fish for consumption (FDA 2011) due to the deleterious effects they pose
to human health. Malachite green is a very effective antiparasitic and antifungal
chemical in aquaculture. Although it is not permitted in aquatic food animal by the US
Food and Drug Administration (US FDA), European Union (EU) and Canadian
Government (L6pez-Gutiérrez et al. 2013) the residues of MG and its metabolite are
still found in fishes in recent years (RASFF 2017) and were non-compliant with the
food standards. The metabolite of MG, also known as leucomalachite green (LMG) can
persist in the fish muscles up to 12 months (Machova et al. 1996). However, the
presence of this residue is influenced by the fish species, climate and culture system.
Malachite green affects the immune system, reproductive system and is carcinogenic
and can cause genotoxicity (Srivastava et al. 2004). However, because it is cheap,
highly effective and readily available (Wong and Cheung 2009), farmers are still using
MG in certain countries.



Table 1.2: The list of FDA-approved aquaculture drugs (FDA, 2011).

Drugs Compounds/ Active chemicals
Chorulon Chorionic gonadotropin

Paracide-F, Formacide-B, Formalin solution

Formalin-F

Aquaflor-Type A, Florfenicol

Aquaflor-CAl

Finquel and Tricaine-S Tricaine methanesulfonate (MS-222)

Terramycin-200 for fish Oxytetracycline
Type A, OxyMarine

35% PEROX-AID Hydrogen peroxide

Sulfamerazine Sulfamerazine

Romet-30 Sulfadimethoxine or ormetoprim combination

Others Acetic acid, calcium chloride, calcium oxide, carbon

dioxide gas, fuller’s earth, garlic (whole form), ice,
magnesium sulphate, onion (whole form), papain,
potassium chloride, povidone iodine, sodium bicarbonate,
sodium  chloride,  sodium  sulphide,  thiamine
hydrochloride, urea & tannic acid

Most countries, including Asia, do not have reliable data on the number of chemicals
used in aquaculture (Rico et al. 2012). The use of chemicals is an important issue and
should be of great concern to policymakers and consumers because fish consumption is
on the rise and is high in Asian countries (Table 1.3). Thus, the study on the toxicity of
MG and the withdrawal period of MG and LMG is importantto serve as baseline
information for the authorities that are responsible in monitoring the usage of MG, as
well as for researchers to conduct further studies with the intention to protect human
health. The present study was conducted using the local red tilapia
(Oreochromis hybrid) due to its abundance and high market demand. There are FDA
guidelines regarding the toxicity of MG but it may only be suitable for temperate
countries since the data for the guidelines are based on studies (Bilandzi¢ et al. 2012;
Yonar and Yonar 2010; Silveira-Coffigny et al. 2004) in the temperate region.
However, records for tropical conditions are scarce. In addition, MG toxicity differs
with fish species and can be easily influenced by factors such as temperature,
pH, hardness and dissolved oxygen of test water (Srivastava et al. 2004). Thus, this
study was conducted using locally cultured species under tropical conditions.

Table 1.3: Per capita fish consumption in Asian countries.

Year Country Per capita (kg/year) Reference

2013 Malaysia 52.4 (DOFM 2014)

2012 Hong Kong 70.4 (Helgi Library 2015)
Macao 55.7
Myanmar 54.9
Taiwan 355



2011 Maldives 166.0 (Helgi Library 2015)

South Korea 58.1
Japan 53.7
Vietnam 33.0

The results of this study targets to provide information and knowledge regarding the
toxicity of MG in red tilapia. The results of this study could be used as a guideline to
establish and recommend the proper usage of MG in fish farming practices based on
the withdrawal period of MG and LMG. Hence, this research aimed for the following
objectives:

1. To validate a modified method for determination of malachite green (MG) and
leucomalachite green (LMG) in fish muscle using liquid chromatography-tandem
mass spectrometry (LC-MS/MS)

2. To investigate the uptake of MG residues in fish exposed to acute, sub-acute and
sub-lethal concentrations of MG under tropical conditions

3. To determine the effects of MG residues on growth, immunological parameters,
oxidative stress and antioxidant status in fish exposed to acute, sub-acute and sub-
lethal concentrations of MG

4. To assess the withdrawal period of MG and LMG in fish exposed to different
treatment regimes of MG

5. To screen residues of MG and LMG in commonly consumed fish from the
domestic market

The present study can be hypothesised as follows:

Ho: There is no effect on the growth, immunological parameters, oxidative stress and
antioxidant status in red tilapia when exposed to MG.

Ho: There is no difference on the persistence of MG and LMG residues in red tilapia
muscle upon exposure to different treatment regimes of MG.

Hi: There are effects on the growth, immunological parameters, oxidative stress and
antioxidant status in red tilapia when exposed to MG.

Hi: There are differences on the persistence of MG and LMG residues in red tilapia
muscle upon exposure to different treatment regimes of MG.
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