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An overview of Historical milestone of FMF 
 Abdikadir Hassan Abdullahi *

Volkan Sozer** 

Hafize Uzun*** 

Abstract 

Familial Mediterranean fever (FMF) is a monogenic recurrent auto-
inflammatory illness which is characterized through recurring periods of fever 
along with polyserositis. It is very common among the populations of 
Mediterranean origin including Arabs, Armenians,Turks, and Jews. FMF is 
symptomized as recurring polyserositis, fever and the Amyloid A. 
Amyloidosis (AAA) is the most severe and crucial complication associated to 
FMF. On the genetic basis, FMF is thought to be associated with the mutations 
in the Mediterranean fever gene (MEFV). The term Familial Mediterranean 
was at first coined by Heller et al., in 1958 when the origin of this syndrome 
was considered to be genetic with prevalence rates high in the population of 
Mediterranean basin. Treatment of FMF through colchicine and  MEFV gene 
being responsible for this disorder were two remarkable discoveries in the 
history. Though FMF is most prevalent in the Mediterranean, but it is also 
been transferred globally due to the immigration and travel in the recent times. 
Initial information about FMF in clinical terms was discovered by Galen in 
2nd century. About 200 years later, no significant researches were performed 
to elaborate the information about this disorder. Nevertheless, at the start of 
11th century, a scientist interpreted the report published by Ibnu-Al-Sina 
which stated that Colchicum (Canon of medicine) is a plant that can be used 
in the treatment of gout disease and arthritis. In 1908, preceded by 8 centuries 
of Sina’s work, Pelletier and Caventou, two French chemists, used Colchicum 
autumnal to isolate colchicine from it. Sie- gal was defined to be the benign 

* Yıldız Technical University, Faculty of Science and Literature, Department of Biochemistry,
Istanbul, Turkey
** Yıldız Technical University, Faculty of Science and Literature, Department of Biochemistry, 
Istanbul, Turkey 
*** Yıldız Technical University, Faculty of Science and Literature, Department of 
Biochemistry, Istanbul, Turkey 
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paroxysmal peritonitis followed by the details provided by Hellar and Sohar 
about this disease. In 1948, Reimann coined the phrase periodic disease for it. 
In 1956, a reported was generated by Cattan and Mamou in which they said 
that FMF is familial (1951) and could be amyloid. Moreover, in 1961, they 
gave the definition of FMF, and stated it to be autosomal recessive 
disease.Whereas colchicine was not used for treating FMF till 1972. In 1997, 
mutations in MEFV gene were connected with the susceptibility of FMF.With 
the aim to gather  knowledge about the historical perspectives of Familial 
Mediterranean Fever in regard to its origin, molecular characterization, global 
prevalence, genetic factors involved in the disease, the diagnostic approach 
and the treatment methods. 

Keywords: Familial Mediterranean Fever, Mir-4520a, MEFV Gene, 
amyloidosis, Rheb/Mtor Pathway 

 

History 

Although by the end of the 20th century the description and identification of 
the syndromes related to FMF were provided, the periodic fever is continued 
to be described since the classical times. In this brief historical overview, FMF 
associated milestones are concisely described entailing the related details 
from Galen while ending up with the 20th century description of FMF gene 
characterization, and interpretation of the inflammasome’s role in the action 
of Pyrin in current ages. 

In the beginning of the 2nd century AD, Galen presented the description of 
cyclic fevers and attributed them to the different phases of moon. However, 
in the literature descripted over past 20 decades, details of different symptoms 
and involvement of organs were given, and the numerous acknowledged 
authors explained recurring fever attacks syndrome, chest and abdominal 
aches associated with arthritis [1]. 

A year after Galen deceased, in 1802, a book named “Commentaries on the 
history and cure of diseases” was published in which Heberden put down that 
besides constantly severe pain or even rage sometimes, there do exist several 
others which are recurring, with periodically returning fits like that of ague, 
as I noticed in stomach, loins, hips, bowels, breasts which suffer almost daily 
and happens again and again at very short time intervals. In a periodic manner 
at that particular time [2]. Around after a century in 1895, Oster narrated 11 
case reports, presented periodically with different rashes and various visceral 
type manifestations. Among those cases, 5 patients had pain joints. Also, some 
were auto-inflammatory by nature. Additionally, in 1908, Mosenthal and 
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Janeway narrated a case of young girl who had recurring fever and pain in 
abdomen. The title of the case was “Unsolved diagnostic problem” [3].  

Introduction 

Familial Mediterranean fever (FMF) is monogenic recurrent auto-
inflammatory illness which is characterized through recurring periods of fever 
along with polyserositis. It is considered to be very common among the 
populations of Mediterranean origin including Arabs, Armenians, Turks, and 
Jews [4]. The term Familial Mediterranean was at first coined by Heller et. 
al., in 1958 when the origin of this syndrome was considered to be genetic 
with prevalence rates high in the population of Mediterranean basin [5]. 
Treatment of FMF through colchicine and MEFV gene being responsible for 
this disorder were two remarkable discoveries in the history.  

FMF is mostly inherited in the family with a pattern of autosomal recessive 
trait i.e., each cell has the mutated MEFV gene copies. In this pattern parents 
of offspring if suffering from autosomal recessive disorder, would be 
transmitting single mutated gene copy each, however, no symptoms appear. 
Inheritance of FMF in dominant pattern is very rare [6]. This is the pattern in 
which single copy of mutated gene is capable enough for causing a disease 
and single affected parent can transmit mutated gene in the offspring. Whereas 
there is a mechanism in FMF inheritance that is autosomal dominant pathway. 
If a mutation in gene is occurring frequently in a population, its consequence 
may be the inheritance of recessive disorder happening in the numerous 
generations within a family. This is the pattern of inheritance that mimics the 
dominant pathway [7]. If one parent is suffering from FMF with two 
mutational MEFV gene copies, one each, and the second parent is a carrier 
having only one mutated copy in the gene, it would be considered as if only 
affected parent transmitted the mutated gene copy in the offspring. This 
pattern is known as pseudo-dominance [8].  

Global Prevalence of FMF 

FMF is most prevalent among the populations of Non-Ashkenazai Jews, 
Armenians, Arabs, and Turks. While in other parts of the globe, this syndrome 
is significantly rare. In European territories namely Germany, Spain, Italy, 
and France however, FMF affected patients have been observed and reported. 
Moreover, the detailed epidemiologic examination has not been performed 
therefore, the calculated frequency of syndrome among different populations 
is not available [9]. Nevertheless, an approximate prevalence of the syndrome 
can be calculated from the different studies. 

In Israel: 
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Based on the ethnic group, the prevalence of FMF is bit higher than 1:1000, 
and in the approx. 7 million population of the state, roughly 10,000 people are 
patients [10].  

In Armenia: 

this is the next probable state with prevalent FMF. As per estimate in the 
population of 3 million subjects, the ratio of syndrome is  1:500 and 6000 
patients [11]. 

In Middle East Countries 

Lebanon, Syria, and Jordan have several patients of FMF however, the exact 
frequency is not known [12]. 

In Turkey: 

A country having the largest number of patients affected by FMF syndrome 
around the globe. As the prevalence ratio of the syndrome falls from approx. 
1:400 to almost 1:1000 (in the nominal portions of Anatolia) with the 
population of around 70 million the estimated patient number in Turkey is 
100,000 [13]. 

In Other Countries 

Additionally, significant number of FMF patients have been found in North-
African countries, Crete, Germany, US, Greece, France, and Italy. An 
unpublished study conducted by Tsuchiya-Suzuki A, et. al., around 100 case 
studies have reported within Japan [14].  

Furthermore, there are also the states with no reported cases of FMF inclusive 
of Ethiopia, Scandinavian states, Sub-Saharan African countries, and Yemen, 
along with South Asian as well as Far Eastern states i.e., Thailand and India 
[15]. 

FMF associated MEFV gene identification and its mutation prevalence in 
various ethnic groups has provided hypothesis regarding phylogeny of this 
syndrome. 

Global Distribution of MEFV Gene Mutations in FMF Patients 

MEFV is a gene present on chromosome number 16 and consists of 10 exons. 
In 1997, mutations in MEFV gene related to the susceptibility of FMF. UPTIL 
NOW ˃300 sequence variants of MEFV gene have been published [16]. In 
2012, an agreement was made to investigate 14 strains of MEFV gene, 
including the nine pathogenic strains (M694I, V726A, A744S, E167D, 
M694V, T267I, I692del, M680I, and E167D) and five strains of unknown 
significance (K695R, E479L, P369S, I591T, and E148Q) [17]. MEFV 
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genotype, including others, are considered as a contributing factor to the 
variation in phenotype of FMF. Patients with a usual phenotype of FMF have 
small duration of fever attacks, peritonitis, pleuritis, and hidden mutation in 
10th exon of MEFV. Whereas patients with unusual phenotypes of FMF 
possess the lesser frequency of fever attacks, associated with myalgia and 
arthritis, and mutations in the 2nd or 3rd exon of MEFV gene. Figure 1 depicts 
the results of Japanese study depicting the typical and atypical phenotypes of 
FMF patients [18]. Numerous studies have illustrated the link of mutations in 
MEFV with various inflammatory illnesses, including, Sweet’s syndrome and 
Behcet’s disease. The record of enhanced number of parallel cases linked to 
MEFV indicates that pyrin is the significant regulator of innate immune 
system that impacts the inflammation in auto-inflammatory disorders [19].  

 
Figure 1. Prevalence of typical or atypical FMF phenotype in patients with high- 

(H; MEFV exon 10 mutations) or low- (L; MEFV exon 1–3 mutations) penetrance 
mutations [18] 

Graphical interpretation reveals that most of the patients with around 2 
increased penetration mutations had usual phenotype of FMF, whereas 
percentage of usual phenotype of FMF was shown to be moderately decreased 
in the patients with mixed increased and decreased penetrated mutations. 
Alternatively, the patients with increased penetration mutations were having 
1 or 2 decreased penetration of mutations. Those mutations were undetectable 
presented with unusual phenotype of FMF. 

[19] with his co-workers have studied the MEFV gene mutations in the 
asymptomatic paternities of the patients of FMF, this is how they discovered 
the MEFV gene of asymptomatic paternities (having children suffering from 
FMF with one  identified mutation)  and healthy persons. Their aim was to 
establish the pathway through which the mutation is transmitted among the 
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population of FMF patients. Moreover, to find the similarity in mutations 
between the off-springs and their parents which were found out to be E148Q, 
M694V, and M680I, being the most prevalent mutations.  

Furthermore, M694V gene mutation is the most frequent mutation in several 
races, like Jewish, Armenian and Turk [20], and hardly frequent in Arabic 
population. Besides other communities in the Eastern Mediterranean, E148Q 
gene mutations were also demonstrated in their study being the second most 
frequent mutation with the presentation of FMF disease. However, FMF is the 
unusual disease in Japan and E148Q gene mutation is very frequent there. 
Additionally, E148Q/- was noticed to be the very frequent in the patients of 
FMF with single mutation.  

Pyrin  

Pyrin is a protein, also called TRIM20 or marenostrin, encoded by a MEFV 
gene. It plays a significant role in the apoptosis and regulation of signalling 
pathways of inflammation.  Pyrin is a member of larger family of amino acids-
based proteins. These proteins have overlapping domains with TRIM 
(tripartite motif) which is composed of RING domain at N-terminal, coiled 
domain at C-terminal, and box domains [21]. In pyrin, PYD domain replaces 
RING domain due to the ligase activity of ubiquitin. PYD belongs to the 
superfamily of death domain [22]. Additionally, it contains approximately 
200 amino acids at C-terminal PRY/B30.2/SPRY/rfp domain.  Most of the 
mutations associated with the diseases are present on the B30.2 domain of C-
terminal [23].  PYD has a potential to bind with the protein, speck in 
appearance and associated to apoptosis, containing ASC i.e., caspase 
recruitment domain, at C-terminal. ASC can lead to the enhanced production 
of IL-1β by recruiting caspase-1 through its CARD domain. Pyrin can also 
attach with the pyrin domain (PYD) of other inflammatory and apoptotic 
proteins (Fig 2) [24]. 

 
Figure 2.   Mechanism of Action of Pyrin [24] 
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Inflammasome’s Role in the Action of Pyrin 

Formation of inflammasome is triggered with the trigger in mutation of pyrin 
(1 & 2a).  Non-functional pyrin induces the formation of inflammasome by 
making the complex of procaspase-1 and cryopyrin (2b & 2c). Under the 
action of inflammasome procaspase-1 changes to caspase-1 (3). Caspase-1 
induces maturation in interleukin-1β (4). Binding of IL-1β with the receptors 
(5a). Binding of IL-1β activates the cascade of IL-1β signaling which then 
initiates inflammation (5b). IL-1β levels are increased due to the enhanced pro 
IL-1β transcription, led by receptor of IL-1β signalling. (5c) demonstrates the 
IL-1β processing which is independent of caspase-1. The production of 
antagonists is also stimulated due to the signalling processed by the receptor 
of IL-1β (5d). (5e) illustrates the inactive signalling of IL-1β due to the 
binding of its receptor with the antagonist (Fig 3) [25]. 

 
Figure 3. Role of Inflammasome and Pyrin in FMF 

MicroRNA in FMF 

microRNAs (miRNAs) are the short and non-coding sequences of RNAs, 
involved in the regulation of genetic expressions at the level of post-
transcription by the degradation of mRNA or its transcription blockage [25]. 
Circulatory level of miRNA has been demonstrated previously for rheumatic 
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disorders but its role in FMF has not been elucidated yet, however it is found 
to effect FMF pathogenesis. Identification of potential biomarkers and their 
gene targets in FMF was experimented through investigation of circulating 
microRNAs between the afebrile and febrile seizures. This study concluded 
that the FMF patients’ serum with decreased level of miR-204-3p is the cause 
of febrile seizure [26]. Bioinformatics investigations suggested that the miR-
204-3p is involved in the targeting the genes of TLR pathway like IL-12p40 
and IL-6 via regulating the signalling of PI3Kγ. These conclusions suggested 
miR-204-3P as a potential biomarker in the patients of FMF which also 
suppresses the cytokines involved in inflammation in FMF patients by 
targeting signalling pathway of PI3Kγ [26].  

Diagnosis of FMF 

FMF is diagnosed based on the family history, clinical symptoms, and ethnic 
origin. Many patients, including children, suffering from mild disease 
encounter unusual attacks. This makes diagnosis complex which subsequently 
leads to the delay in start of treatment. Molecular genetic examination has 
been implemented as a diagnostic tool, since MEFV gene is discovered. If two 
mutations appeared in a patient, the FMF diagnosis is assured, so prophylactic 
long-term colchicine medication is started. Whereas genetic test is not 
recommended in the patients with unusual attacks and single (heterozygotes) 
or no mutation. However, medicinal trial of colchicine is prescribed for 12-18 
weeks to assure the decrease in frequency and severity of attacks [27].  

Treatment of FMF 

Colchicine is being used since 1972 against the clinical symptoms of familial 
Mediterranean fever (FMF).  

Mode of action of colchicine is connected to the pyrin protein via changing 
the organizational arrangement of the cytoskeleton of actin and bind them 
with the monomers of tubulin and inhibits the formation of polymers [28]. 
Though, colchicine is unable to prevent the fever periods completely, yet it 
can halt amyloidosis from progression. Moreover, if the globular damage is 
not permanent, it can reverse proteinuria. Colchicine possesses a narrow 
therapeutic margin as sometimes; its highest dose is not sufficient to control 
the activity of disease [29]. The disturbance of GIT may be observed in almost 
10% patients in the initial days of treatment which can lead to the excretion 
of fats, bile acids, and starch through faeces. It may also decrease the 
absorption of vitamin B12 and D-xylose.  For the adequate management of 
FMF, use of colchicine is highly recommended. Though, it is efficient in 
controlling FMF, almost one third of the patients have incomplete remission, 
5-10% patients don’t respond, and the other 2-5% are unable to tolerate the 
medicine, may be due to GIT disturbance [30]. 
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A recent study conducted on colchicine, revealed that the occurrence of 
homozygosity of M694V ought to be associated with the irresponsiveness to 
colchicine [31]. As FMF is a typical auto-inflammatory disorder, resistance 
or irresponsiveness to colchicine is problematic for the physicians. As, FMF 
carriers demonstrates enhanced levels of serum IL-1, IL-8, TNF, and IL-6, 
new medicines of biological origin were administered to irresponsive or 
resistant colchicine users to target these cytokines. Adequate management of 
FMF requires the use of colchicine, almost 2mg/day till the fever drops. Dose 
could be reduced to 0.5-1 mg/day when AA protein in serum or CRP is 
monitored for at least 2 months to check the high response of acute phase. In 
this situation, therapeutic course is escalated by administering the higher dose 
of the drug. Furthermore, if FMF manifestation remains uncontrollable, other 
treatments to lower colchicine dose can be added.  

Aim of the Review Article 

The aim of conducting this literature review was to gather the knowledge 
about the historical perspectives of Familial Mediterranean Fever in regard to 
its origin, molecular characterization, global prevalence, genetic factors 
involved in the disease, its diagnostic approach and also its treatment. 
Furthermore, this review is subjected to illustrate the over the time 
advancements in all these domains. 

Methodology Used 

Semi-systematic approach has been employed in carrying out this review 
article in which the focus was basically on overviewing the area of research 
and to track the developments over time. 

Results 

Under the light of the above-mentioned literature, it can be concluded that 
FMF is a periodic syndrome that is inheritable and is appeared with various 
names in the literature. The molecular characterization of this syndrome has 
expanded the understanding of this disease enormously, and the possible 
effects of genes involved in autophagy in the pathogenesis of FMF disease in 
the systemic circulation were investigated, apart from MEFV mutations that 
explain the genetic predisposition in FMF patients; miRNAs, mTOR, and 
RHEB levels can also play a potential role in the FMF pathogenesis and 
diagnosis. 
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Abstract 

The incredible properties that graphene is distinguished by, opens up a wide 
range of applications, such as optical electronics, energy storage, composites 
and solar cells. In photovoltaic applications, graphene has been used as a 
transparent conducting film, active light-harvesting material, transparent 
electrode and hole-transporting material. The excellent electrical 
conductivity, high transparency and flexibility of graphene make it a strong 
alternative candidate for indium tin oxide (ITO) electrode. The ITO has a rare 
brittle nature and high production cost that limit its flexible devices. In this 
study, Graphene/silicon Schottky junction with a top-window structure has 
been produced. Mono- and multi-layer graphene sheets have been synthesized 
by Chemical vapor deposition (CVD) method, which is considered as a 
leading method to produce graphene for high-performance electronics. N-type 
(111) single c-Si substrate with a resistivity < 0.04 ?cm and thickness 250-
300 µm has been used with 1 cm2 area. Graphene (mono- & multi-) sheets 
was transferred on the silicon substrate and covered the active are of 3.3?3.3 
mm2 after etching the SiO2 layer. The key parameters that help to enhance the 
power conversion efficiency (PCE) of the cell have been considered. The 
study illustrates the challenges in producing these cells and highlights some 
points to improve the cell-efficiency. 

Keywords: Graphene, CVD, Photovoltaics, Schottky Junction, Efficiency, 
Silicon Solar Cell 
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Introduction 

The discovery of the first two-dimensional (2D) material graphene [1] has 
attracted the interests of many scientists lately. The 2D honeycomb structure 
of graphene has shown many remarkable properties such as near-zero 
bandgap, high electrical conductivity, high carrier mobility, good mechanical 
flexibility and high optical transparency [2]–[4]. All these properties make 
graphene a very good candidate for using in many applications such as 
transistors, photodetectors, sensors, batteries and solar cells [5]–[10].  

One of the graphene’s promising application in photovoltaics is the 
graphene/silicon (G/Si) Schottky junction solar cell. However, many studies 
on graphene-based Schottky junctions with different semiconductor materials 
have been reported [11]–[13]. This solar cell is considered as one of the 
simplest graphene devices that illustrate the physical phenomena at the 
interface between graphene –the 2D material- and bulk silicon 3D [14]. 

The semiconductor such as silicon is sandwiched between two metals in the 
Schottky junction, where one metal forms a Schottky contact (higher work 
function) and other forms an Ohmic contact with semiconductor substrate. 
The junction between G/Si forms a Schottky barrier [15], which  behaves as 
a rectifier with a current-voltage (I-V) characteristic similar to that of a 
metal/semiconductor Schottky diode [14]. Graphene’s particular band 
structure has low electron density of states close to the Dirac point, thus the 
Fermi level is highly dependent on the charge carrier transfer through it [16]. 
In G/Si Schottky junction solar cell, graphene not only works as a transparent 
conductive electrode but also contributes as an active layer for carrier 
separation and hole transport [17], [18].  

G/Si Schottky junction solar cell can be easily fabricated by wet transferring 
of a CVD graphene layer onto a top of the Si substrate at room temperature. 
The fabrication cost is much less expensive and easier in comparison to the p-
n junction solar cells. The first G/n-Si solar cell was achieved in 2010 with a 
power conversion efficiency (PCE) of 1.5 % [19], and this value has reached 
to 15.6% in only five years [20]. Several modifications have been used to 
increase the cell efficiency include surface passivation and anti-reflection 
coating, applying multi-layer of graphene [12], [21], chemical doping 
graphene [22], adding thin layer of SiO2 [23], and by engineering the interface 
of silicon substrate[24]. 

In this work, G/n-Si Schottky junction with a top-window structure has 
been fabricated. High quality graphene layers have been synthesized by 
chemical vapor deposition (CVD) method. N-type (111) single c-Si 
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substrate with a resistivity < 0.04 Ωcm and thickness 250-300 µm has 
been used with 1cm2 area. The morphology and microstructure of the 
cell was examined using scanning electron microscopy (SEM). The 
quality of graphene layer was checked by Raman spectroscopy and cell 
performance (I-V characteristics) was calculated under illumination of 
0.1 W/cm2 at AM1.5G. 
Materials and Methods 

G/n-Si Schottky junction solar cell was fabricated as mention in the following 
steps. The schematic design of the cell is shown in Figure 1., where n-type 
silicon substrate was used with a high quality graphene layer synthesized by 
chemical vapor deposition (CVD) method.  

 

Preparation of Silicon Substrate 

N-type (111) silicon wafers (phosphorus doped, 0.04 Ωcm) with a thickness 
of 250-300μm, area of 1×1 cm2 as shown in Figure 2a, coated with 20nm of 
SiO2 were used in this work. Silicon substrates were cleaned by three different 
steps. General clean was performed by acetone followed by ethanol. Particle 
removal (RCA) with 5:1:1 of DI water: NH4OH: H2O2, where DI water and 
ammonium hydroxide were heated it up at 70oC before adding hydrogen 
peroxide before soaking silicon substrates. Metal contamination removal, 
where silicon substrates were immersed in the sonication bath of 6:1:1 of DI 
water: HCl: H2O2 at 70oC, see Figure 2b. After each cleaning step, silicon 
substrates were washed with running DI water and then dried with blowing of 
N. 

 

Deposition the Metal Contacts 

Thermal deposition system has been used to deposit back- and front- contacts 
in vacuum. Where, stainless steel shadow mask has been designed with an 

  

Figure 1. The schematic view of the study case of G/n-Si Schottky junction solar cell 
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open window of 8?8 mm. The silicon substrates were fixed on the shadow 
mask as shown in Figure 2c. Back contact was deposited first, where 5 nm of 
Chromium (Cr) was deposited to adhesive the silver (Ag) on the silicon 
substrate followed by evaporation of 150 nm of silver. While, the front contact 
(A frame of gold with width of 2 mm) was evaporated on the polished side of 
silicon substrate throughout the same shadow mask after covering an area of 
4×4mm with an isolating tape. 5 nm of Chromium (Cr) was deposited first, 
then 50 nm of gold was evaporated on the front surface of silicon substrate as 
shown in Figure 2d. Later, before graphene transfer process, the whole Si 
substrate surface was covered with a scotch tape and a window 3.3?3.3 mm 
was opened to expose to SiO2 layer as shown in Figure 2e. Then, the Si 
substrates were immersed in 1% of Hydrofluoric acid (HF) for 90 s followed 
by running DI water and the dried with blowing of N. 

   

(a) (b) (c) 

   

(d) (e) (f) 

   

(g) (h) (i) 
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Figure 2: G/Si Schottky junction solar cell building’s steps. (a) cleaving the Si 
wafer with desired dimensions. (b) clean Si substrates through different steps. (c) 
Align Si substrates on shadow mask into evaporation system. (d) Si substrates after 
deposition back and front contacts. (e) Cover Si substrates with scotch tape and 
open a window to etch SiO2 layer. (f) CVD graphene layer on the top of Cu foil. 
(g) Dissolve Cu foil into FeCl3 to obtain PMMA/graphene. (h) Dissolve PMMA 
from the device. (i) Two G/n-Si Schottly junction solar cell with different layers of 
graphene.    

 

Synthesis of CVD Graphene 

Graphene layers were synthesized by CVD technique with copper assistance 
as a catalyst substrate [25]. At First, copper foils (80 μm thick) were gradually 
annelid at 1074 °C in a flow of H2 and Ar both at (100 sccm) for 2 h and then 
was left to slow cooling. This step was followed by polishing of Cu foil with 
FeCl3 for few minutes then washed with DI water. Later, Cu foil was placed 
again to the CVD furnace and the synthesis of graphene was begun, where Cu 
foils with area of 1 cm2 were gradually heated at 1074oC in a flow of H2 (60 
sccm) and Ar (1000 sccm) for 30 min, then CH4 (10 sccm) was introduced for 
2 min and then cooled down to room temperature. After CVD graphene 
growth, poly (methyl methacrylate) (PMMA) was spin-coated on the top of 
the graphene at 2000 rpm for 60 s as shown in Figure 2f and the PMMA/G/Cu 
were soaked it in Ferric chloride (FeCl3) solutıon to etch the Cu foil as shown 
in Figure 2g which is dissolved in around 40 min washed few times in DI 
water. Therefore, graphene layer has been ready to transfer onto the desired 
substrate. Later, PMMA/graphene layer/s was transfer directly on the top of 
silicon substrate while it was floating in the DI water and placed into the 
furnace for 40 min at 60oC to dry. To clear out the graphene from PMMA, 
PMMA/G/Si were hold in hot acetone at 50oC for 8 min as shown in Figure 
2h then soaked in isopropyl alcohol for 5 min and placed directly on a hot 
plate for more 20 min.  

Setting up of the G/n-Si Schottky Junction Solar Cell  

By following pervious steps, our G/n-Si Schottky junction solar cell has been 
fabricated. To apply multi layers of  graphene, layer-by-layer graphene 
transfer method was performed [24]. Graphene/silicon device was soaked 
again in the pot of PMMA/graphene layers to pick another PMMA/graphene 
film on the top surface of the graphene/Si and left to dry and again and hold 
it in a hot acetone for several minutes. This process was repeated three times 
to produced two different cells. One with single layer of graphene and the 
other with three layers of graphene, see Figure 2i. 
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Results and Discussion 
Two graphene/n-silicon Schottky junction solar cells have been 
fabricated as shown in Figures 1 and 2 with mono- and tri- layers of 
graphene.  
Raman Spectroscopy Analysis 

The Raman spectra of graphene were performed with a Renishaw Raman 
spectrometer, 532 nm laser. Two different solar cells with different numbers 
of graphene layers on the top of Si substrate were investigated. In Figure 3, 
Raman spectra exhibit very clear characteristics of two peaks G-band at 1584 
cm-1 and 2D-band ~2680 cm-1, see Table 1. 

 

Figure 3: Raman spectra of graphene on the top of two different cells 

 
Table 1. Thickness layer and defect density ratios of synthesized CVD graphene 

Sample Rshift ID Rshift IG Rshift I2D ID/IG I2D/IG 

Mono-
G/n-Si 1450 635 1584 5104 2691 13850 0.12 2.71 

Tri-G/n-Si 1447 434 1584 2825 2687 2113 0.15 0.75 
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As shown in Figure 3 and from Table 1, high quality mono-layer graphene 
was successfully synthesized in the first sample (black colored) with a very 
sharp 2D band which was confirmed [26] with thickness layer ratio (I2D/IG = 
2.71) with low defect density ratio (ID/IG = 0.12). While in the second sample 
after transferring three layers of CVD graphene, Raman spectrum exhibits the 
formation of multi-layer graphene, where the thickness layer ratio was found 
less than 1 [27] with thickness layer ratio (I2D/IG = 0.75) and low defect density 
of (ID/IG = 0.15). It can be seen that the width of the 2D band became wider 
after transferring second and third graphene layer compared with the first 
sample of mono layer graphene which is approval of having more than bi-
layer graphene. 

Scanning Electron Microscopy (SEM) 

The morphology of the two solar cells were examined using SEM, COXEM 
EM-30 Plus with magnification rate ×500–×10k at 20 kV. Figure 4 exhibits 
the morphology of the mono-/n-Si solar cell with three distinguished shades 
from the metal contact gold (Au) towards the active area Si passing thought 
the thin SiO2 edge (see, Figure 4a). While in Figure 4b, the smooth graphene 
layer is shown with some wrinkles that can be seen especially at the edges of 
the cell. Figure 3c shows the active area of the cell clearly with small spots 
which might be a PMMA residue that left in the graphene sheet. SEM image 
shows the cell with totally surface coverage of graphene.  

 In the second cell when tri-G/n-Si was examined with SEM microscope, 
see Figure 5a. SEM images shows the three different shades that covered by 
graphene, where the bright color presented the gold (Au) contact and the 
darkest presented the SiO2 layer, and the middle layer represent the Si 
substrate after etching the SiO2 layer, all covered with three-layers of 
graphene. While, in Figure 5b, the stacked layers of graphene are revealed 
clearly with many overlaps and wrinkles between graphene layers [28]. In 

   

Figure 4: SEM images of  mono-G/n-Si Schottky junction solar cell 
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Figure 5c, SEM image of the active area of the cell (window of 3.3×3.3 mm) 
was showed more PMMA residue than the one in the first sample.  

   

Figure 5: SEM images of  multi-G/n-Si Schottky junction solar cell 

IV Characteristics 

The I-V measurements were performed by OptoSence cell simulator 
characterization system under AM1.5 G illuminations. The IV measurements 
were taken with standard conditions at room temperature. 

When light photons strike the top of the cell, electrons in the Si substrate were 
attracted by the back contact (Ag) to the external circuit, the very thin layer 
of SiO2 between Si substrate and G layer might work to block the electrons 
in silicon to cross to the top of the cell which is increase the recombination 
rate [24]. This might increase the open circuit voltage for the device [29]. 
Figure 6 shows the I-V characteristics of the fabricated mono- and tri- 
graphene layers on n-type silicon Schottky junction solar cells under 
illumination. From Table 2. it is clear that the open circuit voltage (Voc) and 
short circuit current (Jsc) are significantly change when the number of 
graphene is changed. The recorded data of IV exhibited different photovoltaic 
response in our two cells. However, the Jsc and Voc decreased as graphene 
layers’ increase. [28].  

  

Figure 6: Illuminated IV characteristics of the two fabricated cells 
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Table 2. Parameters of the fabricated solar cells. 

 

Fabricated solar cell ISC (mA/cm2) VOC (mV) FF  ? (%) 

Mono-G/n-Si 0.50 150 0.31 0.23 

Tri-G/n-Si 0.024 100 0.46 0.011 

In the case of mono-G/n-Si cell, the short circuit current density was found 
about half of microampere, with open circuit voltage of 150 mV with power 
conversion efficiency of 0.23%. this efficiency was decreased when graphene 
layers’ increase with the poor efficiency of 0.011.  

Many reasons can be behind this, the etching process did not go well, we 
might still have a thick SiO2 at the interface between graphene and silicon. 
The PMMA residue has an essential effect on the cell performance.  

Conclusions 

In this work, mono- and tri- graphene sheets onto n-type silicon substrate 
Schottky junction solar cell of 1cm2 area with a top-window structure has been 
fabricated with an active area of 0.11 cm2. Mono- and Tri- high quality 
graphene layer were synthesized on copper foil using chemical vapor 
deposition (CVD) method. The quality of graphene was indicated by Raman 
spectra results. SEM images illustrate the morphology and microstructure of 
the top surface of the cell which is approve successfully fabricated G/Si 
Schottky junction solar cell. I-V characteristics has showed higher power 
conversion efficiency in the case of mono layer of graphene. Still many 
drawbacks affect the cell performance. The effect of the number of graphene 
layers to the cell performance was investigated.  
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Mali’de Sığırcılığın Mevcut Durumu ve Geliştirilmesine 
Yönelik Yürütülen Çalışmalar 

Alpha Saloum Cısse* 

Özet 

Mali,  önemli bir hayvancılık kültürüne sahiptir. Batı Afrika’da, hayvan 
varlığına göre (her türlü) hemen Nijerya’dan sonra, ikinci sırada yer 
alınmaktadır. Hayvancılığın ulusal GSYİH'ya katkısı %19.2 bulunmaktadır 
(2009). Sığır populasyonu bakımından Batı Afrika’da ilk sıradadır (11415900 
baş, 2017). Bu  bölgedeki en büyük hayvancılık ihracat ülkesidir (2017 yılında 
504733 baş sığır; 109.612  milyon dolar karşılığı). Bu büyük potensiyele 
rağmen, süt  için artan talep birkaç nedenden dolayı karşılanamıyor. Sığır 
populasyonunda verim potansiyelini artırmak için melezleme ve seleksiyon 
çalışmaları gerçekleştirilmekte. Üretimi iyileştirmenin en büyük 
zorluklarından biri uygulanan hayvancılık sistemi, beslenme, sağlık ve 
genetiktir. 

Bu çalışmada Mali’ye ilişkin genel bilgiler (nüfus, yüzölçümü, iklim gibi) 
Mali’de farklı türlere göre hayvan varlığı, et ve süt üretimi, kişi başına et ve 
süt üretimi, yetiştirilen sığır ırkları, et ve süt verim düzeyleri, uygulanan 
hayvancılık sistemleri, yem üretim durumu (yem kaynakları), sığırcılığın 
geliştirilmesine yönelik çalışmalar (genetik ıslah, hastalıklarla mücadele, yem 
kaynaklarının iyileştirilmesi, yetiştiricilerin eğitimi gibi) ve benzeri konularde 
bilgiler aktarılacaktır. 

Anahtar Kelimeler:  Mali, Sığırcılık, Et ve Süt Üretimi, Genetik Islah 

Giriş  

Mali, önemli bir hayvancılık kültürüne sahip, Batı  Afrika’da, hayvan varlığı 
bakımından, hemen Nijerya’dan sonra, ikinci sırada yer almakta.  

Sığır varlığı bakımından Nijerya ve Nijer’den sonra 11 415 900 baş ile Batı 
Afrika’da üçüncü sırada [8] 

Hayvancılığın ulusal GSYİH'ya katkısı %19.2 yer almaktadır[2]. 

Bu büyük potensiyele rağmen, sut ihtiyacini % 50-80 tozu olarak ithal 
 

* Ege Üniversitesi Ziraat Fakültesi Zootekni Böl., Izmir, Türkiye 

Email : alsacialsaci@gmail.com 
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edilmektedir[2].  

Sığır populasyonunda verim potansiyelini artırmak için melezleme ve 
seleksiyon çalışmaları gerçekleştirilmekte ve çevre koşuların kontrol etmesini 
çalışılmaktadır. 

Genel Bilgiler 

Nüfus ve Yüzölçümü 

19 77 749 Nüfus ile (2018), yüzölçümü  1 241 231 km²,Mali kuzey’de 
Cezayir, doğu’da Nijer, batı’da Moritanya, güney’de Burkina Faso ve Fildişi 
Sahili, güney batı’da Senegal ve Gine ile sınırlanmış. 

 

 
Şekil 1. Mali harıtası.                                      Şekil 2. Kırsal ve kentsel populasyonu. 
Mali % 57.6 kırsal nüfusu  ve % 42.4 kentsel nüfusudur[9]. 

İklim 

Mali iklimi kuru tropik. Dört iklim tipi var: Sahra Çölü iklimi (kuzeyde) 
(yıllık yağış 200 mm), Sahelian (orta Sahel'in yarı çöl iklimi), haziran'dan 
Eylül'e kadar yağmur mevsimi (yılda 100-600 mm yağış-yıllık varyasyon 
yüksek), Sudanian (600 -1000 mm  yıllık yağış), Sudano-Ginean(1000-1200 
mm yıllık yağış),  yağmurun çoğu mayıs ve ekim ayları arasında yağmakta. 
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  Şekil 3. Mali'deki ana tarımsal ekolojik birimlerin haritası.[2] 

 
Şekil 4. Sahra çölü ikliminde sıcaklık yağış değişimi.[10] 

 
Şekil 5. Sahelian ikliminde sıcaklık yağış değişimi.[10] 

 
Şekil 6. Sudanian ikliminde sıcaklık yağış değişimi.[10] 

İklim Bölgesine Göre Uygulanan Hayvancılık Türü 

Her iklim bölgesine göre uygulanan bir hayvancılık türü bulmakta. 
Tablo 1.  İklim bölgesine göre uygulanan hayvancılık türü.[2] 

İklim Bölgesi  Uygulanan hayvancılık türü  

Sahra (çöl bölgesi)     Deve yetiştirme genelde  

Sahelian ( kurak bölge)  Pastoral hayvancılık  
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Sudanian (Yarı kurak-
subhumid bölge)   Hayvancılık ve bitkisel üretim  

Kuzey Sudanian 
(Ginean-Subhumid 
bölgesi)  

Yoğun Bitkisel Üretim  

 Mali’de Farklı Türlere Göre Hayvan Varlığı 
Tablo 2. Mali’de farklı türlere göre hayvan varlığı.[8] 

Hayvan türü  Hayvan  sayısı  

Sığır  11 415 900 

Deve  1 192 900 

Koyun  17 400 000 

Keçi  24 023 800 

Tavuk  45 004 600 

Domuz  84 150 

Kovan  35861  

At  561 500 

Eşek  1 099 900 

 

 Uygulanan Hayvancılık Sistemleri 

Peri-kentsel Sistem   

Büyük şehirlerin etrafında bulunan yarı entansif çiftliklerden oluşur.  

Agro-Pastoral Sistem  

Bu sistemde bitkisel üretim ağırlıklıdır.Yan ürünleri hayvan yemi olarak 
kullanılır.Hayvanların  süt verimi oldukça düşüktür, Süt satışı, aile gelirinin 
%10-50'sini oluşturur.Ülkenin Orta ve Güney bölgelerinde yaygındır. 
Ülkenin % 23'ünü ve süt üretilen sürülerin % 43'ünü kapsamaktadır[7][15]. 
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Otlatmaya Dayalı Göçer Sistemler (Pastoral Nomadizm ve Pastoral 
Transhumant)  

a. Pastoral Nomadizm  
sürüler yeni mera arayışında sürülür.  

b. Pastoral Transhumant 

Sürülerin sabit belli meralara mevsimsel hareketleri. Süt üretimi, hem aileyi 
besleme hem de takas yapılacak bir ürün elde etme amacıyla yapılır. Ülkenin 
%77’inde uygulanmakta. Süt hayvancılığının %45'ini kapsamakta. Süt, hane 
halkı gelirinin %81'ini oluşturmaktadır[[7][15]. Bu sistem pastoral alan ve 
kaynakların kullanımında çok etkili. Ancak sektörün entansifleşmesi 
bağlamında geleceği belirsizdir. 

Sığır Varlığı 

Mali , 1972-1973 ve 1982-1984 yıllarında en büyük kuraklık maruz kalmakta 
[17].Söz konusu döneminde hayvancılık önemli bir düşüş göstermiştir. 1990 
yılında civarinda itibaren  hayvan sayısını artırmakta. 

 
Şekil 8.  Batı Afrika ülkelerinde sığır varlığı.[8] 
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Şekil 9. Batı Afrika Ülkelerinde Sığır Eti Üretim Miktarı, ton. [8] 

 
Şekil 10. Batı Afrika Ülkelerinde İnek Sütü Üretim Miktarı, ton[8]. 

  

Mali’de Et ve Süt Üretim Verileri (2017) 

• Toplam et üretimi = 445 467 ton; Kişi başına et üretimi = 24.06 
kg/kişi/yıl  

• Toplam sığır eti üretimi = 182 000 ton; Kişi başına sığır eti üretimi = 
9.83  kg/kişi/yıl  

• Toplam Süt üretimi = 1 659 741 ton ; Kişi başına süt üretimi = 89.65 
kg/kişi/yıl  

• Toplam inek sütü üretimi = 594 924 ton ; Kişi başına İnek sütü üretimi 
= 32.13 kg/kişi/yıl. 
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Şekil 10. Türlere göre süt üretiminin dağılımı      Şekil 11. Kişi başına süt üretimi (kg/yıl)  

         
Şekil 12. Türlere göre et üretiminin dağılımı       Şekil 13. Kişi başına et üretimi (kg/yıl)  

Mali’de Yetiştirilen Sığır Irkları 

Bos indicus Tipi Irklar  

 Maure (Kısa Boynuzlu Tip)  

Kıl örtüsü rengi açık kahverengi, kırmızı veya siyah düz veya alacalı desen. 
Taşıma (binek ve yük) özelliği iyi[13][14]. Sıcak ve kurak şartlara iyi uyum 
sağlamış. 

Diğer rastlanan ülkeler: Moritanya, Fildişi Sahili, Senegal.  

 
Şekil 14. Maure dagılımı[13].                     Resim 1. Maure ırkı.              
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Azawak (Kısa Boynuzlu Tip) 

İyi yürüme yeteneği, kuraklığa iyi uyum sağlamış. Kıl örtüsü rengi kırmızı 
veya beyaz. Sığır eti üretimi ve işgücünden yararlanma için uygun [13]. 

Batı Afrika’da yerli inekler arasında en yüksek süt verimine sahip ırk olarak 
kabul edilmekte.Süt verimi ekstansif koşularda 4.5 kg/gün (290 gün). 
Gelişmiş çiftliklerde günlük süt verimi 7-8 kg araştırma istasyonlarında 12 
kg/gün [14]. 

Diğer rastlanan ülkeler: Bürkina Faso, Nijer, Nijerya. 

 
Şekil 15. Azawak ırkı dağılımı.                     Resim 2. Azawak ırkı.  

Touareg (Kısa Boynuzlu Tip) 

Kısa boynuzlu orta boy bir ırk. Boynuzlar küçük ve ince kıl örtüsü rengi çok 
değişkendir, tamamen siyah, kahverengi veya koyu gri veya alaca renkler 
hakim.Erkekler taşıma hayvanı (binek) olarak kullanılır[14]. Kesim 
özellikleri oldukça iyi. Ergin canlı ağırlığı 325-350 kg (dişi) ve 350-450 kg 
(erkek). Laktasyon süt üretim 400 kg civarindadır (270 gün). 

 
Şekil 16. Touareg ırkı dağılımı.               Resim 3. Touareg ırkı. 

 Sudanaise Fulani (Uzun Boynuzlu Tip) 

Kıl örtüsü rengi çeşitlilik gösterir, çoğunlukla açık gri , siyah alaca.Boynuzlar 
genellikle uzun ve hilal şeklinde. Bu ırk kene kaynaklı hastalıklara oldukça 
toleranslı. Şap vakaları çok nadir[11].  
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Şekil 17. Sudanaise Fulani ırkı dağılımı          Resim 4. Sudanaıse Fulani ırkı. 

 Toronke Fulani-Gobra (Uzun Boynuzlu Tip) 

Renk genellikle açık gri ve beyaz, bazen kırmızı renkli noktalar ve çizgiler; 
Boynuzlar uzun (70-80 cm), lir şekilli. Gerdan iyi gelişmiş, hörgüç belirgindir 
(özellikle boğada). 

Batı Afrika da Sahelian bölgesinde meradan yararlanmaya uygun bir sığır ırkı 
olarak kabul edilir [14]. Diğer rastlanan ülke: Senegal  

 
Şekil 18. Toronke Fulani ırkı dagılımı.                     Resmi 5. Toronke Fulani. 

 Samburu Fulani 

Samburu Fulani esas olarak et üretimi için yetiştirilir. Karkas randımanı 
ekstansif koşullarda %46,  ahır besisinde % 55[20]. Bu ırkı literatürde pek 
tanımlanmamıştır  

 
Şekil 19. Samburu Fulani ırkı dagılımı.                       Resmi 6. Samburu Fulani. 

Macina Fulani 

Rustik bir ırk, ekstansif  koşullarına iyi uyum sağlamış. Et ve süt verimi için 
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yetiştirilir.  

Kırmızıdan, siyah beyaza kadar çeşitli kıl örtüsü renkleri görülür. Macina 
Fulani ırkı performans değerleri literatür’de pek  tanımlanmamıştır. 

   
Şekil 20.  Macina Fulani varlığı.                Resim 7. Macina Fulani. 

M’Bororo Fulani 

Kıl örtüsü rengi maun,uzun ve lir şeklinde boynuz yapısı (0.80 -1.20 m’ye 
ulaşabilmekte).Ergin canlı agırlığı 250-300 kg (dişi) ve 300-350 (erkek).  
Laktasyon süt verimi 300-400 kg (180 gün). Karkas randımanı % 45 (sert lifli 
et)[13][14]. Diğer rastlanan ülke: Nijer,Çad. 

                     
Şekil 21. M’Bororo Fulani dağılımı            Resmi 8. M’Bororo Fulani 
Bos taurus Tipi Irklar 

 Ndama   

Dayanıklı, özellikle tripanosomiasis ve piroplasmosis’e dirençli bir ırk. Kıl 
rengi buğdaydan kahverengiye kadar, az oranlarda siyah veya benekli.Ndama 
popülasyonunun % 20’si Mali’de bulunmakta (1 milyon)[13]. Kasaplık 
özellikleri çok iyi. Diğer rastlanan ülkeler: Gine,Burkina Faso, Gana, Senegal, 
Gambi, Benin, Togo. 
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Şekil 22: Ndama dağılımı.                                Resim 9. Ndama ırkı. 

Yem Üretim Durumu (Yem Kaynakları) 

Mali'de ana hayvancılık sistemi doğal meralarda otlatmaya dayanmakta. 

İklim değişikliğinin, mera alanlarının yerleşime açılmasının, çalı 
yangınlarının ve aşırı otlamanın etkisiyle, yarı entansif ve entansif bir sisteme 
geçiş kaçınılmaz görünmekte.  

Mali'de 10 tane yem fabrikası bulunmakta (yılda yaklaşık 342 650 ton toplam 
kapasite) (2015) (Kanatlı hariç)[21].    

Doğal mera, ürün kalıntıları (Mısır, darı, pirinç, sorgum, buğday), yer fıstığı 
ve börülce sapları, pamuk yan ürünleri, buğday kepeği, tahıl kepeği (pirinç, 
buğday, mısır, darı, sorgum), Karma yemler, melas önemli hayvan yem 
kaynaklardır. 

Sığırcılığın Geliştirilmesine Yönelik Çalışmalar 

Sotuba Federal Zooteknik Araştırma Merkezi, (1927-günümüze)  

İlk ıslah çalışmaları sömürge dönemine ait(Federal Hayvancılık Araştırma 
Merkezi, Sotuba-Bamako Sudan) 1927 cıvarında. Melezleme çalışmaları; 
Yerel sığır ırkları (Zebu ve Ndama) x Kültür ırkları (Montbéliard, Jersey, Red 
Steppe (Kırmızı Step), Normande vb) arasında çiftleştirme , amaç yüksek süt 
verim potansiyeli olan yeni ırkların (genotiplerin) oluşturulması. 

1960’ta bağımsızlığından sonra Mali Cumhuriyeti üç ırk ile melezleme 
çalışmalarını sürdürdü: 

Jersey, Montbeliard, Kırmızı Step Sığırı (Red steppe). 

1979 yılında Sotuba'nın melezleme programlarının değerlendirilmesi 
yapılmıştır. 

20 senelik melezleme çalışmalarının özet sonuçları[18] 

• Melezleme düşük süt verimi sorununu tamamen çözmüyor  

• Melezleme ile hayvanların canlı ağırlığı yerel ırklara göre artmakta  
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• Melezleme ile bazı sürü yönetim işleri  değişmekte (melez inekler  
yavrusu yanından olmadan sağılabilmekte)  

• Melez genç dişiler, yerli ırk dişilerden 8 ay daha erken buzağılamakta  

• Melezleme çalışmalarında yetiştirme koşularında da iyileştirme 
sağlanması gerekmekte (Hijyen, bakım, besleme, sürü yönetimi)  

•  İlk olarak yerli ırklarda seleksiyon yöntemi ile saf yetiştirme 
uygulanmalı, daha sonra melezleme programları önerilebilir . 

Yerel Irklarda Saf Yetiştirme Çalışmaları 

Madina Diassa Araştırma Merkezi  

Üreticiler ve ihracat için tripanotolerant Ndama'nın korunması ve çoğalması 
(1970-günümüze). 

 Niono Tarımsal Araştırma İstasyonu Sahel istasyonunda  

Maure ve Fulani sığır ırklarının karakterize edilmesi ve seleksiyon yoluyla 
iyileştirilmesi (1965 -günümüze). 

Kayes Tarımsal Araştırma İstasyonu 

 Toronke sığır (Gobra) ve koyun ırkının karakterizasyonu ve seleksiyon 
yoluyla iyileştirilmesi (1980-2000). 

Ulusal Yapay Tohumlama Merkezi 

2015 yılında Hayvan Suni Tohumlama Ulusal Merkezi  kuruldu.  30 devlet 
memuru personel ile 11 bölgede 53 özel tohumlamacı (sözleşmeli) 
çalışmakta.  

Tohumları kullanılan kültür ırkları:Montbeliard (Kombine), Holstein 
(Sütçü),Piemontais, Charolais ve Belçika Mavi Beyaz (Etçi). 

Tohumlamaların durumu (2015-2018): 

Tohumlanan inek sayısı: 37 840  

Doğuran inek sayısı: 17 145 

Mali'deki bazı genetik iyileşme başarıları göstermiştir. Melez ineklerin süt 
verimi, yerel ırklardan daha yüksek : melezler: 1.500-5.000 kg        Yerel ırk: 
500-800 kg [6]. 

 Hastalıklarla Mücadele 

Mali, Batı ve Orta Afrika’da OIE (Hayvan Sağlığı Örgütü)’nün bölgesel 
temsilciliğine ev sahipliği yapmakta. OIE tarafından akredite edilmiş bir 
veteriner laboratuvarına sahiptir. Laboratuvarda, hayvanların hastalıklar 
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teşhis edilmesi, aşı yapımı ve diğer analizler yapmaktadır. Yasal olarak 
bulaşıcı olarak kabul edilen ve  ekonomik etkili hastalıklarla mücadele 
politikası mevcuttur. 

Sonuç  

Sığırcılık Mali için önemli bir varlık, bununla birlikte sektör hala muazzam 
sorunlarla karşı karşıya olmakta (Hayvan sağlığı, besleme, çevresel ve genetik 
kısıtlamalar). 

Hayvansal üretim artışı için iyi tanımlanmış bir vizyon ve politikasi 
uygulanmalı: 

Ulusal hayvancılık politikasi belirtme, melezleme ve seleksiyon programları 
geliştirmesi için araştırma desteklenme, parasal ve insani yatırım  
(yetiştircilerin desteklenme, sektörun personeleri eğitimi). 
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Abstract 

Thermoelectric coolers being active cooling systems are increasingly being 
used in thermal management applications. Sometimes the thermoelectric 
coolers are required to operate remotely as in space, military, or desert. In 
these areas, supplying power to them could be difficult and expensive. 
However, heat energy coming from the Sun, military equipment or space 
rockets can easily be converted to electricity by thermoelectric generators. 
The problem of power supply could be eliminated when the coolers are driven 
by high power segmented thermoelectric generators. In this report, a micro – 
thermeoelctric cooler system is modelled; based on its input current 
requirement a segmented thermoelectric generator is designed using genetic 
algorithm. The segmented thermoelectric generator-cooler model is 
implemented in Comsol Multi-Physics and the model’s performance is 
analysed. It is found that a minimum of 0.4 A is required by the cooler to 
produce a surface cooling of 273 K which is recommended for a refrigeration 
application. The generator is able to provide this current at a temperature 
gradient of 200 K.  
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Introduction  
Thermoelectricity is a process that produces electricity through 
thermoelements. These thermoelements consist of two dissimilar materials 
that is n-type and p-type connected electrically in series and thermally in 
parallel. In thermoelectric generator (TEG), voltage is produced when one end 
known as the hot junction is kept at a high temperature and the other end 
known as the cold junction is kept at a low temperature. On the other hand, 
through Peltier effect, cooling is produced at the cold side when a voltage or 
current is applied to the terminals. The product obtained is thermoelectric 
cooler (TEC). These devices are compact, operates quietly and have no 
moving parts, low failure rate, however, the efficiency is relatively low. 

In TEG, a high output power and a high conversion efficiency are desirable, 
as such researchers are often concern on how to improve both the conversion 
efficiency and the output power. The condition for obtaining high conversion 
efficiency is different from that of high output power and it is not always 
simple to obtain the high values at the same time. Conversion efficiency and 
output power are a function of temperature; operating a module over a wide 
temperature of range can result in higher performance of the module. 
However, it is not possible to use one type of material per leg over a wide 
range of temperature that is 20 – 1000 °C. In order to obtain high conversion 
efficiency, researchers are frequently segmenting thermoelectric generator 
modules. In segmentation, wide range of temperature can be achieved. The 
materials to be used in segmentation for each leg should not differ by a factor 
of more than two. Materials with high figure of merit values at low 
temperature such as bismuth tellurides, mid-range temperature such as 
skutterudites, and high temperature such as silicon germanium should be used 
on the cold side, mid-range and hot side, respectively.  

It has been shown that at a temperature gradient of 500 K, skutterudites based 
segmented thermoelectric generator (STEG) has a maximum simulated 
conversion efficiency of 15.7% and maximum output power of 45 W [1]. 
Using genetic algorithm and with inclusion of electrical contact resistance of 
100 µΩ-cm2 per leg, dimension of skutterudites based segmented unicouple 
was obtained and a conversion efficiency of 15.4% is achieved [2, Ch. 43]. 
Optimal segmentation of thermoelectric generator was carried out using 
multi-objective genetic algorithm based on a three dimensional numerical 
simulation in a confined volume and a maximum output power of 56.293 W 
was achieved [3]. Multi-parameter nonlinear optimization method based on 
Improved Powell algorithm was used to optimize the STEG and a maximum 
specific output power of 1723.5 W/Kg and a conversion efficiency of 13.4% 
were achieved [4]. Segmentation if done properly can result in high 
performance of the module.  
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Cooling capacity that is the heat absorbed by the cold end of a TEC and the 
coefficient of performance (COP) that is basically the efficiency of TEC and 
is the ratio of cooling capacity to the electrical power input are the two most 
important parameters used to evaluate the performance of TEC [5]. Both the 
TEG’s conversion efficiency and COP are limited by Carnot efficiency. 
Typically a TEC can have a temperature difference of up to 70 K, and 
operating a single stage TEC at wide temperature range can cause a poor 
operational performance [6]. Cooling capacity can be increased through 
optimization of the TEC legs [7]. Also by choosing an optimal heat transfer 
area allocation ratio, a lowest cold side temperature, highest COP and highest 
heat flux pumping capability of the TEC can be achieved [8].   

TEGs are often used to harvest thermal waste energy and turn it into useful 
electrical energy while TECs used the available electrical energy in thermal 
management applications and or refrigeration. These two devices have been 
successfully used in space, military, aerospace, refrigeration, instrumentation, 
computer and electronics industries. One or more thermoelectric generators 
can be used to supply electrical power directly to thermoelectric cooler 
operating in a remote area where the cost of transmitting the electrical power 
is high compare to the application. This system can say to be a thermoelectric 
standalone since both the generator and the load are from the thermoelectrics.  

It has been shown that solar refrigeration through a few numbers of 
thermocouples is possible. Four generator couples were used to drive one 
cooler couple, and it was concluded that in an efficient system the number of 
generators could be reduce to two or one [9]. A study in Cairo, Egypt was 
carried out all year round and an optimum number of TEG required to drive 
TEC has been found [10]. Under constraint of total element number, an 
optimization of two-stage combined thermoelectric devices by a three-
dimensional multi-physics model and genetic algorithm resulted in having 
23.3% increase in cooling capacity and 122% increase in COP [11]. A single 
stage TEG acts as a partial heatsink to a single stage TEC when connected 
thermally in series and also convert some of the heat absorbed from the TEC 
to electricity [12]. In all the reported literature, a STEG has not been used to 
drive a TEC. 

In this work, STEG-TEC model has been investigated. The aim is to provide 
an alternative power source to a TEC module operating remotely. A high-
power output STEG was designed through genetic algorithm and was used to 
drive micro-TEC module. The STEG-TEC system is modelled and analysed 
in Comsol Multi-Physics environment.   

Theory  

Thermoelectric Generator 
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A schematic diagram of a unicouple of thermoelectric generator is shown in 
figure 1. At steady state, the ideal one-dimensional non-equilibrium 
thermodynamic equations for the TEG are given in equations (1) and (2). 
Equations (1) and (2) gives the heat absorbed at the hot junction and heat 
released at the cold junction, respectively.   

  𝑄!" 	= 	 $𝛼#" − 𝛼$"'𝐼𝑇!" 		− 	
%!&"
'
+ $𝐾"'(𝑇!" −	𝑇(")   

      (1) 

  𝑄)" 	= 	 $𝛼#" − 𝛼$"'𝐼𝑇(" 	+ 	
%!&"
'
+ $𝐾"'(𝑇!" −	𝑇(")             

     (2) 

The first and second terms in equations (1) and (2) are Peltier’s heat and 
joule’s heat, and the 

 
Figure 1. Unicouple thermoelectric generator. 

third term is Fourier’s heat, respectively.  The output power and the current 
are given in equations (3) and (4), respectively.  

  𝑃* 	= 	𝑄!" − 𝑄)" 	= 	 𝐼'𝑅+    

       (3)  𝐼	 = 	,"(.#"/	.$")
&"2&%

  

                     (4) 

where 

  𝑅" = 𝐿"	(
3

4&"	(&"
+	 3

4)"	()"
)    
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       (5) 

  𝐾" =	
3
+"
	(𝜅#"	𝐴#" +	𝜅$"	𝐴$")    

      (6) 

And the conversion efficiency is 

  𝜂	 = 	 5*
6#"

      

       (7) 

where α is the Seebeck coefficient, T is the temperature, Rg is the internal 
resistance, 𝐾" is the total thermal conductivity of the module, 𝜎 is the 
electrical conductivity,	𝜅 is the thermal conductivity per leg, A is the area of 
the thermoelement, 𝐿" is the length of the thermoelement, and RL is the load 
resistance. The subscripts h, c, n, g represents hot, cold, n-type, p-type, and 
generator respectively. 

Thermoelectric Cooler 

Physically thermoelectric cooler device is similar to thermoelectric 
generator but differs in its mode of operation. A schematic diagram 
of a unicouple of thermoelectric cooler is shown in figure 2, the heat 
absorbed and heat released at the cold and hot junctions are given in 
equations (8) and (9), respectively. 

 
Figure 2. Unicouple thermoelectric cooler. 
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   𝑄(( = $𝛼#( − 𝛼$('𝐼𝑇(( −	(𝑇!( − 𝑇(()𝐾( −

	%
!(&&$2	&)$)

'
	         (8) 

   𝑄!( = $𝛼#( − 𝛼$('𝐼𝑇(( −	(𝑇!( − 𝑇(()𝐾( +

	%
!(&&$2	&)$)

'
	          (9) 

The electrical power input to the cooler is found by subtracting equation (8) 
from (9) 

   𝑃787 = $𝛼#( − 𝛼$('𝐼(𝑇!( − 𝑇(() + 𝐼'$𝑅#( + 𝑅$('
                (10)  

first term in equation (10) is the rate of work to overcome the voltage while 
the second term is the resistive losses, COP is given as:  

   𝐶𝑂𝑃	 = 	 6$$
5+,+

     
         (11) 

Segmented Thermoelectric Generator - Thermoelectric Cooler 

In segmented thermoelectric generator - thermoelectric cooler configuration, 
the same current passes from the generator to the cooler as seen in figure 3. 
Thus, the generator should be able to supply the minimum current required by 
the cooler for a particular cooling power or COP application. For an optimum 
performance of this configuration, there are two important currents for 
consideration that is the current that gives maximum cooling power and the 
current that gives optimum COP. Segemented thermoelectric generator like 
thermoelectric cooler, has condition for maximum power as RL= R and that of 
the maximum conversion efficiency as      RL = R71 + 𝑍𝑇9:. Thus, the current 
at maximum power generation by the generator should be equal to the current 
at maximum cooling power by the cooler given by:  

   𝛼𝑔;𝑇ℎ𝑔−	𝑇𝑐𝑔<
2𝑅𝑔

= ;𝛼𝑝𝑐−𝛼𝑛𝑐<𝑇𝑐𝑐
(𝑅𝑝𝑐+	𝑅𝑛𝑐)

   
     (12) 

where the left hand side is the generator current at maximum generated power 
and the right hand side is the current at maximum cooling power. 
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Figure 3. Thermoelectric cooler driven by segmented thermoelectric generator. 

The current at maximum conversion efficiency of the generator should be 
equal to the current at optimum COP of the cooler given by: 

   
;,&"/,)"<;.#"/.$"<

;&&"2	&)"<[3	2	>3	2?"	.-."]
	= 

;,&$/,)$<(.#$/.$$)

;&&$2	&)$<[/3	2	>3	2?$	.-.$]

     (13) 

the left hand side is the generator’s current at maximum conversion efficiency 
and the right hand side is the current at maximum cooling power, where the 
dimensionless figure of merit for generator or cooler is given by: 

   𝑍𝑇9: =
(,&/,))!

{(B&5&)
/
!2	(B)5))

/
!	}!

𝑇9:   

    (14) 

where P is the resistivity and Tav is the average temperature. 

Results and Discussion 

For both the genetic algorithm and the Comsol Multiphysics simulation, Table 
1 shows the dimension of the TEC system and TE parameters. The 
temperature gradient of the TEC is small, hence, the material properties are 
assumed constant. For a TEC module to be use for a refrigeration application, 
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its cold side temperature should reach at least 273 K. A three-dimensional 
finite element analysis is used to determine the minimum current requirement 
for this operation.  
Table 1. Parameters of the TEC module. 

Parameter Value 

Element leg (mm3) 0.6 × 0.6 × 0.5  

Electrode (mm3) 1.4 × 0.6 × 0.05  

Ceramics (mm3) 3 × 3 × 0.07  

Heat sink base (mm3) 3.5 × 3.5 × 0.11  

Fin (mm3) 0.04 × 3.5 × 2.5 

Cold side heat spreader (mm3) 3.5 × 3.5 × 0.3 

α (V K-1) 2.03 × 10-4 

k (W cm-1 K-1) 0.0176 

P (Ω cm) 9.37 × 10-4 

Alumina k (W cm-1 K-1) 0.12 

Thermal grease k (W cm-1 K-1) 0.085 

Copper k (W cm-1 K-1) 4.01 

Contact resistance per leg (µΩcm-2) 100 

Through the simulations, it was determined that the minimum current that will 
make the cold side temperature of the TEC Tcc = 273 K is 0.4 A. Thus, the 
STEG should be able to provide current greater than the minimum current. In 
order to determine an optimal dimension of the STEG, the left-hand side of 
equation (12) was used as an objective function in MATLAB optimization 
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toolbox and genetic algorithm (GA) solver was used to maximize it. 
Constraints were formulated based on the fact that a temperature greater than 
1000 °C from a solar concentrator can be obtained. In segmentation, 
skutterudites p-type Ce0.5Yb0.5Fe3.25Co0.75Sb12 and n-type 
Ba0.1Yb0.2Fe0.1Co3.9Sb12 were used in combination with commercial bismuth 
telluride materials. After running the program, the result in Table 3 is 
obtained. 
Table 3. Result obtained from the GA. 

Parameter Value 

An=Ap (mm2) 6.9 

Number of couples 58 

Length of cold side n-type segment (mm) 1 

Length of cold side p-type segment (mm) 2 

Max. internal resistance (Ω) 0.92 

Imax (A) 5.75 

The STEG was then modelled in Comsol Multi-Physics and the open circuit 
voltage as a function of temperature gradient as shown in figure 4a) was 
obtained. Then the STEG-TEC model was then simulated Comsol 
Multiphysics. The load resistance of the generator which is the TEC is 4.56 
Ω. The current input to the TEC as a function of temperature gradient of the 
STEG is shown in figure 4b). It can be seen that a temperature gradient of at 
least 200 K is required to provide a generator current that will drive the TEC 
to 273 K.   
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Figure 4. a) Open circuit voltage versus generator temperature gradient, b) STEG 
temperature gradient versus load current, c) TEC cold side temperature versus current, 
d) cooling power versus TEC temperature gradient ∆Ttec at Thc = 293 K 

Figure 4c) shows the cold side temperature of the TEC as a function of the 
input current while keeping the hot side temperature at 293 K. As it could be 
seen, a current of 0.4 A is sufficient to bring the cold side temperature to 273 
K which is the minimum recommended temperature for a refrigeration 
application. The cooling power is maximum at zero temperature gradient 
while at maximum temperature gradient the cooling power is zero. Figure 4d) 
shows the maximum cooling power and the maximum temperature gradient 
that can be achieved by the TEC based on the generator temperature gradients. 
Figure 5 presents the COP which is the efficiency of the TEC at ∆Ttec = 10 
K. It can be seen that a maximum COP of 0.21 is achieved through an input 
current of 0.4 A which is equivalent to ∆Tgen = 200 K.  
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Figure 5. COP versus current at ∆Ttec = 10 K. 

Conclusion  

Due to an increasing demand for an active cooling systems especially in 
military, space, electronics and computer industries, thermoelectric coolers 
are becoming more important. Thermoelectric coolers uses current or voltage 
as an input to provide cooling as output. Sometimes, providing this input 
current is a daunting task especially when the cooler is operating remotely. 
Since there is an enormous amount of heat energy coming from the Sun, 
military equipment and/or space rockets, utilising this energy through the use 
of thermoelectric generator to supply the thermoelectric cooler is desirable.    

In this report, it was shown that a thermoelectric cooler driven by segmented 
themoelectric generator (STEG-TEC) offer potentials for standalone 
thermoelectric system applications. The results show that a minimum of 0.4 
A is required by the thermoelectric cooler to produce surface cooling of 273 
K which is recommended for a refrigeration application. The segmented 
thermoelectric generator is able to provide this current at a temperature 
gradient of 200 K. A maximum COP of 0.21 is achieved through an input 
current of 0.4 A at 10 K temperature gradient of the thermoelctric cooler.      
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Abstract 

Water resources have been allocated since the earliest times on the basis of 
social criteria-maintaining the community by ensuring that water for human 
consumption, production of food, sanitation, agricultural purpose and 
industry. One of the challenge facing the world today is how to allocate and 
manage natural resources particularly internatioanl freshwaters and to share 
them in a broad range of social and economic sectors in a sustainable way. 
The allocation and management of water resources is to meet the needs and 
determine how to use the resources sustainably in a rational and economical 
way to achieve specific development goals. To meet the needs of the present 
generations without introducing danger to future generations' needs. This 
paper firstly will focus on evaluation of Ethiopia’s water resources, their 
allocation and management. Secondly, it will explains allocation mechanisms 
and fundamental principles of water management policy. Finally, the paper 
aims to understand Ethiopia’s water policies, legislations and regulations on 
allocation and management of water resources. 

Keywords: Ethiopia, Water Policies, Water Allocation, Water Management, 
Transboundary Waters 

 

Introduction 

The most important and widely shared natural resource on earth is water. 
Water is at the center of everything in the world, in short, water is life. It is 
used for drinking water and good hygiene, agricultural production, industrial 
activities and recreation. Water allocation is the process of sharing a limited 
natural resource between different regions and competing users. It is a process 
made necessary when the natural distribution and availability of water fails to 
meet the needs of all water users in terms of quantity, quality, timing of 
availability, or reliability [12]. 
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Water is a basic human need and access to minimum quantities of safe water 
(20 liters per person per day) should be everyone’s right. Yet, in 2020, more 
than 2 billion people still wake up each morning without access to clean water. 
This means that millions of vulnerable families around the world do not drink, 
cook, or bathe with clean water. Lack of access to safe drinking water, 
sanitation, and irrigation is directly related to poverty and poor health. In sub-
Saharan countries, 69 percent of the population does not have suitable 
sanitation and hygiene facilities and 40 percent does not have access to safe 
water. The average annual water availability per capita is quite low below the 
global average of 6498 m3/person/year [13]. By its millenium development 
goal Ethiopia has achieved only 57% access to safe drinking water and access 
to improved sanitation remains stubbornly low at only 28% nationwide. 

Ethiopia is well known for its tremendous water resources potential and is 
considered as the water tower of East Africa [2]. Indeed, there are many 
transboundary rivers with huge annual flow rates and most of its water 
resources leaves the country through these transboundary rivers. However, 
this does not necessarily indicates the country’s optimum utilization of its 
water resources and countrywide satisfactory access to safe water. 

While Ethiopia has relatively an adequate water resources (which is about 124 
m3 billion surface water, 2.6 billion m3 of ground water and hydroelectric 
potential of 161,000 Gwh/year), only some of this huge potential has been 
used for a meaningful contribution to the country's socioeconomic 
development [9]. 

To ensure the effective utilization and allocation of water resources for 
drinking water, energy, irrigation and other purposes in a sustainable way, 
appropriate in situ watershed management measures have to be taken to 
prevent the rapid loss of reservoirs’ storage capacity. Therefore, it is important 
to maintain the storage capacity of the reservoirs and prolong their economical 
life by taking appropriate measures to reduce the rate of siltation [2]. 

 It is important that integrated water resources management (IWRM) not only 
deals with water supply and wastewater treatment, but integrate many other 
activitiess, including flood control, poverty alleviation, food security, 
ecosystem conservation, drought management, sustainability, and that the 
government’s role is essential in the effective implementation of IWRM [10]. 

Critical Review and Discussions 

Background of the Study Area 

The Federal Democratic Republic of Ethiopia is a country in the horn of 
Africa. The country has nine autonomous regions and two city administrations 
for Addis Ababa and Dire Dawa. Regional states and city administrations are 
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divided into sub-regions. It borders Eritrea in the north, Djibouti in the 
northeast, Somalia in the east, Kenya in the south and Sudan and South Sudan 
in the west. With a population of more than 110 million, the country 
comprises more than 80 ethnic groups and as many languages and religions 
[4]. 

 
Figure 1. Map of African continent and Ethiopia [1] 

Allocation of Water Resources 

Water allocation is the process of sharing a limited natural resource between 
different regions and competing users.  It is the mechanism for determining 
who can take water, how much they can take, from which locations, when, 
and for what purpose [12]. In order to provide normative guidance and good 
governance system for water allocation and management inclusiveness to 
opportunities available for stakeholders to participate in water allocation and 
decision-making processes and coordination across different governance 
levels, organizations, policy sectors, regional states should be taken into 
consideration [8]. Accordingly, a set of good governance and principles of 
water allocation are: 

• Legitimacy 
• Transparency 
• Accountability 
• Inclusiveness 
• Fairness 
• Integration 
• Capability 
• Adaptability 

In addition to these basic principles, the following relevant factors should also 
be considered as a whole if a fair and reasonable water allocation and 
management is to be achieved.  
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• geographical, hydrographic, climatic, ecological and natural 
character; 

• social and economic needs of common watershed countries;  
• the impact of the use of the watercourse on other common basin 

situations;  
• current and potential uses of the waterway;  
• conservation, protection, development and economy of the use of 

waterway resources and the cost of measures taken in this direction; 
and 

• the availability of alternatives at a value corresponding to a particular 
planned or current use. 

In Ethiopian context, the overall aim of the water resources policy is to 
develop and promote all national efforts to use Ethiopia's existing water 
resources efficiently, fairly and optimally to enhance socio-economic 
development of the country on a sustainable basis [9]. In this regard, a permit 
issued by the relevant institution (Ministry) is required for the following 
purposes: 

a) irrigated agriculture  

b) commercial livestock  

c) development of commercial fishing resources 

 d) industry and air industry 

 e) mining  

f) municipal and urban water supply  

g) hydroelectric power generation 

 h) recreation and tourism 

 i) water transportation 

 j) any use that requires waterworks. 

Apparently, water usage for the following purposes do not require necessary 
permission. Any person will use the water sources for the following purposes 
without obtaining a permit issued by the supervisory body: 

 (a) manually digging water wells or using water from hand-dug wells  

(b) traditional irrigation, traditional mining and traditional water use for 
animal husbandry and also for water mills.  
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The Geopolitics of Ethiopia’s Shared Water Resources between its 
Neighboring Countries 

As water scarcity has increased globally, in recent time water allocation plans 
in Ethiopia have taken a considerable importance. However, with water now 
a limiting factor for socio-economic development of every country regional 
and local conflicts over allocation of water is increasing significantly. Most 
of Ethiopia's rivers are transboundary (Table 1). Likewise, lakes, aquifers and 
groundwater is shared by several countries (Table 2). Of this, the Abbay river, 
which is part of the Nile basin (Fig 2), and the Great Rift Valley basins are the 
most important one. As it flows in the direction of South-North, it takes major 
amount of its source from Lake Tana, Ethiopia. The annual amount of water 
added to the Nile from Ethiopia is around 72 billion m3 which accounts about 
72% of total flow to the river [3]. 

 
Figure 2.The Nile Basin [4] 

Transboundary Rivers and Tributaries  

Transboundary waters are water resources that are shared by two or more 
sovereign states, and include international freshwater, international 
groundwater, aquifers and international marine ecosystems. Transboundary 
waters – the aquifers, and lake and river basins shared by two or more 
countries support the lives and livelihoods of vast numbers of people across 
the world. Aquifer systems, lakes and rivers do not necessarily follow State 
borders and their use requires international cooperation. There are 153 
countries in the world that share transboundary rivers, lakes and aquifers, but 
only 17 have all their shared waters governed by transboundary arrangements 
[14].  

Construction of large dams in international rivers such as the Nile is becoming 
more frequent and contributes to tensions among riparian States. In order to 
address these challenges, diplomatic engagement on transboundary water 
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cooperation and promoting the sustainable management and water use is 
essential to fostering peace and stability. In Ethiopia, the water resources 
management regulation (Proclamation 92/1994) was prepared by the 
transition government and published in the federal official newspaper [11]. 
This regulation lays down important rules on water allocation and 
management at the federal level. 

1. Transboundary rivers will be managed in accordance with these 
announcement provisions and international agreements to which Ethiopia is a 
party.  

2. The federal authority will consult the relevant federal government bodies 
before issuing water use permits for cross-border rivers. 

The use of water borders or tributaries of water resources flowing or located 
between multiple nations/states, autonomous regions is implemented in 
accordance with this declaration and in accordance with the special directives 
to be issued by the Council of Ministers [11]. 

Table 1. Transboundary rivers in Ethiopia [5] 
 

Basins/Rivers Total basin 
area (km2) 

Percentage of the 
basin remaining 

in Ethiopia 
Sharing countries 

Nile basin 
-Abbay 
-Baro-Akobo 
-Tekeze 
-Mereb 

3,112,369 12 

Burundi, Democratic 
Republic of Congo, 
Egypt, Eritrea, Ruanda, 
South Sudan, Sudan, 
Uganda, Tanzania, 
Eritrea 

Rift valley basin 
-Gibe –Omo 637,593 49 

Djibuti, Eritrea, Kenya, 
South Sudan, Sudan, 
Uganda, Tanzania 

Shebele-Juba 
basin 
     -Shebele 

  -Genale-
Dewa 

810,427 46 

Kenya, Somalia 
 

With the fact that Ethiopia having more than 80 different ethnic groups, 
controversy over utilization and allocation of natural resources between states 
is a common problem. The ongoing political instability and conflicts 
throughout the country carry the risk of hindering water resources utilization 
activities and will result in mismanagement of water resources. At the same 
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time, the fact that Ethiopia's ethnic members demand on determining regional 
status will make the sharing of resources even more difficult. 

Table 2. Transboundary aquifers shared by Ethiopia [5] 
 

Aquifer Total aquifer area 
(km2) Countries 

Dawa 24,173 Kenya, Somalia 

Juba 34,587 Somalia 

Shebele 30,985 Kenya, Somalia 

Sudd basin 331,661 Kenya, South sudan 
Africa Rift valley 
aquifer 46,856 Djibouti 

Mereb aquifer 22,786 Eritrea 
Gedaref (Upper Nile 
basin) 36,491 Sudan 

Grand Ethiopian Renaissance Dam Project (GERD) 

The Grand Ethiopian Renaissance Dam (GERD) (Fig, 3) is a 6,450 MW 
hydropower project nearing completion on the Blue Nile in Ethiopia. The 
project is located in the Benishangul - Gumaz region along the Blue Nile, 
about 500 km west of the capital Addis Ababa. When the Ethiopian 
Renaissance Dam construction is completed, it will be the largest dam in 
Africa and the 7th largest dam in the world, with a total water capacity of 74 
billion m3, 6.45 gigawatts [5]. The construction of the dam started in 2011 and 
was completed by 70% as of October 2019. The filling process of the dam is 
expected to be between 5 and 15 years, depending on the agreements between 
Ethiopia, Sudan and Egypt, as well as hydrological conditions. To overcome 
this controversial issue, all the riparian countries should peacefully debate to 
reach a mutually acceptable solution and enable joint management of the Nile 
water. 
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Fig 3.The Nile and GERD [1] 

Table 3. Some of the essential dams in Ethiopia according to their purposes [5] 
 

Dams Name River Basin Intended Use 
Reservoir 
Capacity 
(mil.m3) 

Aba samuel Akaki Awash Hidro-electric 65 

Gafarsa Gafarsa Great Rift 
Valley Water Supply  7 

Awash 
(Koka)I,II,III,IV Awash Afar 

triangle Hidro-electric - 

Melka Wakana Wabe 
shebele 

Shebele 
and Juba Hidro-electric 750 

Koka Awash Rift valley Hidro-electric 
and Irrigation 1900 

Fincha Fincha Nil basin Hidro-electric 650 
Laga Dadhi 
(Main) Sandafa Great Rift 

Valley Water Supply 38 

Laga Dadhi 
(Secondary) Sandafa Great Rift 

Valley Water Supply 4 

Gilgle Gibe I Gibe Gilgel 
Gibe Hidro-electric 917 

As it can be seen from the above table (Table 3) the initial and main purpose 
of many dams in Ethiopia is hydroelectric generation. Despite its being East 
Africa’s water tower, Ethiopia’s water resource utilization and allocation is 
not particularly remarkable in terms of numbers of dams built so far or 
intended uses of its water resources. Only few of these dams used for more 
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than one purpose (water supply and irrigation) so far. With the aim of 
becoming the power center in the comprehensive utilization and allocation of 
water, the country should build multi-purpose dams and reservoirs for flood 
control, to generate hidroelectric power, for fishing, irrigation purposes and 
recreational activities. 

Conclusion and Future Prospective 

In Ethiopia there is a considerable gap in allocating water resources and 
addressing the difficulties around the utilization of water and the legal 
framework of water management in the country. As the successful 
management of one natural resource depends on the sustainable management 
and use of other resources, again water resources cannot be successfully 
managed by isolating them from other natural resources. Therefore, the 
country has to put in place legal frameworks and integrated approach that are 
crucial for the successful management of water resources. 

Water allocation policy of the country should consider how water will be 
shared through interbasin transfers or between regional states of Ethiopia and 
allocate water in a way that supports and promotes socio-economic 
development of the country. In order to manage the natural variability of water 
availability, and to avoid unexpected water cirisis balancing supply and 
demand is indispensible. In addition, stakeholders participation and inter-
sectoral cooperation and integrated water management should be strengthened 
to sustain sustainable management of water resources of the country. In line 
with new technologies, international platforms and policies, establishing 
water commissions that manage the water resources (surface, underground, 
and wetlands) entirely at both a national and state level is unreservedly 
essential. Concerning the ongoing disputes over GERD and allocation of Nile 
waters, the Nile basin states (principally Ethiopia, Egypt and Sudan) must 
persist with water diplomacy to ensure that an inclusive agreement is reached. 
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The Role of Agricultural Extension on Agriculture 
Production and Food Security in South and Central 
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Abstract 

This study evaluates the role of agricultural extension on agriculture 
production and food security with specific consideration to south and central 
Somalia. Food security in South and central Somalia is inconsistent and 
unstable due to internal and external factors. The country is nationally food 
insecure and abundant number of its population remains hungry and in 
poverty stage. Since Extension is particularly well positioned to address food 
security improvements and its activities are directly related to our research 
objectives. This study employed a questionnaire survey conducted in different 
districts and regions of south and central Somalia followed Descriptive data 
collection.  

The study found that agricultural extension is an important tool for the 
production and promotion of food Security through providing basic 
community trainings, regular farmer’s mobilizations and agricultural 
extension services to the lean farmers in the target areas. Good agricultural 
extension services to the small and large farmers provide or access farm inputs 
and credits to the farmers as well as improve their yielding through Improving 
Agro- Marketing and market channels in South and Central Somalia. 

The study highlighted to be put in place the linkages between the extension 
services and the food security situations, strengthening extension support 
systems, and creating to conducive atmosphere in extension related activities. 
It recommends that efforts of Somali federal government, Agricultural 
Extension Agents or agencies and farmers be integrated and better 
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coordinated to clearly communicative policies for extension and food security 
in south and central Somalia. 

Keywords: Agriculture extension, Agriculture Production, Food Security, 
Somalia 

 

Introduction 

The rapid population growth will mean a rise in global food demand for at le
ast another 40 
years. To feed the world's growing population, which is expected to reach 9.
6 billion people 
2050 without causing immense harm to the environment and hunger, society
 needs to increase agricultural productivity[1]. Eight hundred million people 
in the developing world are currently experiencing food insecurity and the 
challenge of meeting their nutritional and food requirements is predicted to 
expand in the years ahead[2].   

The Food and Agriculture Organization (FAO) describes food security as a 
‘‘situation that occurs when all people, at all times, have physical, social, and 
economic access to sufficient, safe, and nutritious food that meets their dietary 
needs and food preferences for an active and healthy life[3]. This definition 
encompasses four key food supply factors: availability, stability, access, and 
utilization. Establishing food security, particularly food security for 
households is widely known as significant milestone in advancing the living 
standards of the poor people in the rural.  

According to [4] 62% of the population of Sub-Saharan African population 
depends on agriculture for their livelihoods, Therefor, improving Agriculture 
through effective agricultural extension is the best way to improve food 
security [5].  The importance of extending agriculture in rural development is 
widely recognized, particularly in developing countries where the majority of 
the population lives. Agriculture is the key source of livelihood, and access to 
knowledge is typically expensive[6] and According to [7] as in many other 
Sub-Saharan Countries, agriculture is the most important sector in Horn of 
Africa to sustain development and reduce poverty. nevertheless, lack of 
adequate farm management practices, low level of modern inputs usage, the 
depletion of soil organic matter and soil erosion, highly rain fed based 
farming, limited Agricultural extension and Research facilites as well as 
poverty and Food insecurity are major obstacles to sustaining Horn of Africa 
agricultural production. 

Agricultural Extension is the framework for introducing innovative farming 
methods and ideas for farmers to incorporate them into their farming 
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practices[8]. The extension not only encourages farmers to improve their 
lands and prepare a cropping pattern, but also motivates them to use improved 
farming tools and adopt modern farming practices according to their 
socioeconomic status. Agricultural extension was heavily promoted in the 
1970s and 1980s through introduction of large-scale training and visiting 
programs[9]. 

Developed countries, like the U.S, have been a leader in Agriculture extension 
for most of the 20th century but rapidly developing countries, such as Brazil 
and China are investing heavily in agricultural research[1]. In Turkey, 
Agriculture takes a considerable part in country’s economy, The Ministry of 
Agriculture and Rural Affairs (MARA) has dominated Public extension 
activities with structure spread in provinces as 81 dependent directorates and 
802 county directorates. The MARA System, which was reshaped in 1991, 
serves approximately 7000 000 farmers with 6965 agricultural engineers, 
2441 veterinarians, 3828 agricultural and 1819 veterinary technicians and 908 
home economists. The public agricultural extension service should serve as a 
central mechanism in the process of rural development[10]. 

Somalia is located at the Horn of Africa and bordered to the west by Ethiopia, 
to the northwest Djibouti, the Gulf of Aden to the north, to the east by the 
Indian Ocean and Kenya to the Southwest. Somalia's total land area is 637,600 
km2, of which 45% is classified as rangelands suitable for livestock grazing, 
30% is classified as desert land, 14% is covered by forest and 11% is arable 
land. Agriculture is one of the important economic sectors in the developing 
countries. Moreover, because of the majority of people living in rural areas it 
is also vital in terms of social aspects. According EU Reports [11] and [12] 
agriculture was second only to livestock as Somalia’s foreign exchange earner 
before the civil war began in early 1991. The combination of these two sub-
sectors has been projected to recruit more than 80 percent of the country’s 
labor force (55 percent livestock and 25 percent agriculture). The agricultural 
sector started to decline slowly during the mid-1980s, until it was further 
devastated by civil war. The Somali economy is dominated by livestock as the 
basis for livelihoods in most parts of the country. Given the average rainfall 
of <500 mm and its variable pattern rainfed crop production whilst widely 
practiced is successful only in areas which have slightly higher rainfall. 
Significant opportunities for crop production exist under irrigation along the 
Shabelle and Juba valleys. 

Somalia endured an unprecedented 30-year crisis including civil war, state 
collapse, internal displacement and refugee, chronic food insecurity, conflicts 
and Islamic extremism[13].  Over the last three decades, Somalia’s 
increasingly unstable and deteriorating of natural environment and more 
regular and extreme periods of drought and floods have buffeted livestock and 
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crop subsectors. There is no extension to Agriculture in the country. Farmers 
lack access to training, viable seeds and machinery to develop their 
production. Due to the country’s decline in production, many of the country's 
farmers have been forced to migrate to towns where they face tough lives. 
According to [14] Somalia is one of the poor countries in the world and even 
in the Horn of Africa. Because of prolonged Long civil war, the absence of a 
functioning national state, the endurance of climate-driven and manmade 
natural disasters and degraded natural resource base, the lack of Extension and 
Research services and prolonged poverty, the state of human development of 
the country is in trouble. Food insecurity and endangered livelihoods are 
prevalent, especially in the country’s South and Central regions. For this 
reason, the people of Somalia are living in extremely poor and humanitarian 
crisis. 

This Study will provide information and references about the performance of 
Somalia’s agricultural Extension and Food security as well as the wide gap 
between limited Extension/Education services and population demanding for 
Foods since the agricultural sector is still unable to produce adequate amounts 
of food to meet the growing human population in the country. 
Material and Methods 

The research was carried out in 8 regions of south and central Somalia (Lower 
and Middle Shabelle, Lower and Middle Jubba, Hiran, Galgaduud, Bay and 
Bakool) which are representing various ecological and agricultural systems. 
The study focused primarily on farmers, farm experts and rural people in south 
and central Somalia who were infinite and unknown, therefore, 105 people 
were selected to participate in the questionnaire as a sample.  The study’s 
sampling technique was non probability sampling procedure particularly 
purposive sampling or judgmental sampling. Judgmental Sampling is a non-
probability technique where the researcher uses his judgment to select  from 
the population members whom he feels will give him the desired or accurate  
information[15]. The sampling technique was chosen by the researchers. 
During the study, questionnaire was used to collect the individual data. 

The questionnaire was divided into two sections: part (A) Profile of the 
respondents Part (B) study questions; Closed-end Questionnaire was the 
format of the Questionnaire design. The data for this research was collected 
using a Google forms Survey program, then edited, collated and tabulated 
Using SPSS statistical computer software Version 22. Finally researchers 
have re-corrected certain mistakes and anomalies to improve validity and 
reliability. 
Results        

Demographic Results 
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The following tables show respondents Demographics such as gender, 
Living Places and their Basic Livelihoods. 

Table 1. Demographic results 

Gender Frequency Percentage (%) 

Male 63 60.0 

Female 42 40.0 

Region 

Hirshabelle 38 36.2 

Southwest 23 21.9 

Jubbaland 22 21.0 

Galmudug 11 10.5 

Putland  11 10.5 

Livelihood 

Agriculture 31 29.6 

Postralists 12 11.4 

Agro-postralists 35 33.3 

 

 

According to the results of our research, male (60%) outnumbered female 
(40%) because men work more in farms than women in Somalia[16, 17] , and 
our study is more prominent in the rich agricultural regions of southwest 
(21.9%) and Hirshabelle (36.2%), as these regions are the most fertile in the 
nation[18]. According to our study, there are a high proportion of agro-
pastoralists (33.3%) rather than those who cultivate them separately. 

Study Results 

The following section indicates the results of the study questions whether 
relationships and interdependencies exist between the Agriculture Extension 
Services, Agriculture Development, and Food Security.  If the increases or 
decreases of Agriculture Extension Services will increase or decrease 
agriculture production and food security, as well as the internal and external 
factors that affect the Agriculture Extension Services and the food security. 
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Also, the research questions were focused on the Agricultural extension 
services and food security been improved and promoted by addressing the key 
agricultural and food Insecurity causes in south and central Somalia. 

Our study found that extension facilities are scarce in south and central 
somalia, In some regions there is Agriculture Extension led by NGOs 
and volunteers including agriculture experts, whereas in some regions 
there is generally no agricultural extension. Since almost half of the 
responses received(45%) confirm that there is no Agriculture extension 
in their Area, it is important to develop Agriculture extension programs 
to improve production and food security of the country. The farmers 
lack government’s effort of tarining, infustructure to improve their 
production. Studies confirm the significance of training will lead to the 
development of the skills of farmers in agricultural works. Also studies 
emphasized that building farmers' capacity through training is more 
useful than providing financial support in terms of increasing 
production and revenue[19, 20]. Similarly our respondents believe that 
the extension of agriculture affects production, it is necessary to train 
farmers, provide inputs and credits, advance farming infrastructures 
and agro-markets in order to boost food security.  
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Figure 1. How can we promote agriculture extension in south and 
central Somalia 
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According to [21, 22] Natural Disasters such as recurrent droughts and floods 
have tragic impact on livelihoods, mainly because they increase crop failure. 
Insecurity and limited Knowledge are other obstacles on agriculture 
production and food security, our study respondents also believe that 
instability and prolonged wars, recurrent floods, frequent droughts and limited 
awareness are the key internal obstacles to agricultural growth and food 
insecurity in South and Central Somalia. In addition to the other challenges 
such as lack of extension services, poor market, pests and disease and soil 
erosion.  

Mismanagement, poor government policy and planning of foreign aids and 
imported goods can have a detrimental effect on a country’s agricultural 
production and food security. On the contrary, effective government policies 
may enhance the agriculture production and food security[23]. Our 
respondents think that poor government policies, uncontrolled foreign aid and 
imported goods, lack of subsidies and investment to the farmers are the main 
external barriers to agricultural development in southern and central Somalia, 
as well as threats such as climate change and interventions by NGOs.  
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Farm implements and effective market is essential for a farmer in order to 
continue farming, In Somalia, farmers lack enough market for their 
production that lead to crop losses. Our respondents also agree that the main 
causes of food insecurity in the south and central Somalia are lack of farming 
implements and effective market for their production. 

The provision of efficient infrastructure is now widely recognized as 
indispensable for agricultural success, as it is understood that 
infrastructure will help economic growth , reduce poverty and bring 
sustainable development[24, 25]. Studies also shed to light that roads 
improvement has  direct positive  effects on its own agricultural 
output[26].  

To enhance South and Central Somalia's Agricultural production and 
Food Security respondents recommend developing farm infrastructure, 
providing farm inputs to small-scale farmers is vital.  

 Discussion 

Sub-Saharan Africa (SSA) faces persistently low levels of agriculture 
productivity and chronic food insecurity[9]. Somalia has made some progress 
in recent years on increasing agricultural production and reducing food 
insecurity, but more remains to be done. 
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In the light of the findings, the results showed that extension programs are 
valuable resources for developing sustainable food security and basic 
livelihoods. Agricultural extension services include farm inputs, access to 
farm credits, and enhance smallholder yield potential through Strengthening 
South and Central Somalia's Agro Markets. 

Political instability and clan-based disputes, frequent floods and droughts, 
weak central government policy and planning, foreign aid and imported 
products, farmers' lack of subsidy and support, producers' lack of investment 
are the key internal and external factors affecting agricultural development 
and improving food security in South and Central Somalia. 

To increase the productivity of the country, the government needs to play a 
major role in agricultural extension by creating agricultural extension centers. 
Farmers should have an appropriate market for their products in order to 
promote the output of farmers. To achieve this, it is crucial that the 
government establish effective policies and to adopt the barriers to production 
such as insecurity, intervention by NGOs, and help farmers with capital such 
as equipment and subsidies, provide training with the technology. 
Development of agricultural infrastructures such as canals, roads and so on is 
also significant. 

Based on our findings, the researchers recommended that Agricultural 
extension services should be extended and Farmers should be trained, Civil 
Insecurity, Floods, recurrent Droughts, Pests and Disease, soil erosion and 
environmental degradation should be congested, Foreign Aids and Imported 
goods should be Minimized or Over Taxed and Encouraged Local Farmers 
production by giving Farming implements. 
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Distribution Model of Nitrogen Concentration Change 
in Sail River Flow Based On Distance and Time 

Fifi Karnila* 

Abstract 

The Sail river is one of the tidal creeks. Sail river is widely used by the 
community as a transportation, bathing, washing and toilet. Many small rivers 
flowed into the Sail river one of the tributaries selected as a source of 
pollutants located on street of Akasia. Around the creek, the houses are very 
crowded, there are hospitality, hospitals, shops, workshops and markets. This 
becomes a disadvantage for the river itself because of the activities of the 
community will produce waste into the river, thus giving a bad impact for the 
river. One of the sources of pollutants is nitrogen. Excess nitrogen in the 
waters will result in a decrease in dissolved oxygen in the waters, so that biota 
in the river will lack of oxygen availability. Another effect produced by 
nitrogen pollution is to cause toxins in fish in the river. In this research will 
be made modeling of nitrogen concentration based on distance and time 
change using Finite Difference-Runge Kutta method of order 4. The result of 
nitrogen concentration based on the model is found that at the time of 11,48 
seconds there is an increase of nitrogen concentration with increasing time 
with increasing value not constant. While based on the distance decreased 
constantly equal to 7.58 x 10-6 mg-N/L when L = 1 (11, 48 sec). Comparison 
of model results with observation and the result difference of 1.36%. 
Modeling can be applied to the Sail river given that the resulting difference is 
quite small. 

Keyword : Nitrogen, Modelling, Finite Difference-Runge Kutta, Sail River 

 

Introductıon  

Water is an important environmental component of life. One of the most 
widely used water sources as raw material is river water [1]. One of the most 
widely used rivers in Riau region is Siak river, which is the deepest river in 
Indonesia. The Siak river has the largest tributaries, one of which is the Sail 
river. The Sail river has an area of 135.8 km2. In terms of quantity, the Sail 
river has considerable potential in the fisheries sector and is used by the 
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community as transportation, bathing, washing, and toilet [2]. Along the river, 
there are activities of tofu factories, hotels, hospitals, workshops, and 
community settlements. This river is very susceptible to pollution due to these 
activities. One of them is nitrogen. Excess nitrogen in river bodies will result 
in a decrease in dissolved oxygen levels in the waters so that the bad effect 
that occurs is that it can cause the poison to live things such as fish in these 
waters [3]. 

To understand these phenomena, we need an abstraction by placing 
phenomena into a model. Where the model is used as a very useful tool for 
studying, understanding, and predicting the behavior of the system against 
input or external factors. In this study, the method of Finite Different-Runge 
Kutta order 4 was used which is commonly used in surface water quality 
modeling and has high accuracy compared to other methods [4]. The purpose 
of this study was to predict the contamination of nitrogen parameters in rivers 
based on distance and time. 

Research Methods 

The research location is in the Sail river watershed through four regions, 
namely Sail, Lima Puluh, Tenayan Raya and Bukit Raya District [5]. 
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Figure 1 Administrative map Pekanbaru city 
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The calculation of the model uses the Finite Difference Runge Kutta Order-4 
method. To find out the model components needed in modeling, here are the 
stages of the modeling process. 

Determination of The Mass Balance Equation 

The process of distribution and flow of pollutants into the water which is 
influenced by current flow, and the potential for increasing contaminant 
concentration from various sources, can be described by the dispersion 
advection equation which is the law of mass conservation [6]. This law is 
often expressed in mass balance equations. The mass balance equation for 
calculating nitrogen concentration in rivers is shown in the following 
equation. 

∆𝑉
𝜕𝑐
𝜕𝑡
= −𝑈𝐴(

𝜕𝑐
𝜕𝑥
∆𝑥 + 𝐸𝐴(

𝜕'𝑐
𝜕𝑥'

− 𝑘∆𝑉𝑐 +𝑊	      (1) 

Where: 

U = river current speed (m/day) 

Ac = cross-sectional area of the river (m2) 

∆x = distance change (m) 

E = river dispersion coefficient (m2/day) 

k = nitrogen concentration decay rate coefficient (, mg-N/day) 

Figure 2 Location and research area 
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∆V = volume of each river segment (m3) 

W = total nitrogen load (gr-N/day) 

From the mass balance equation above, it can be seen that the data needed to 
model nitrogen concentration by taking measurements directly on the river 
Sail such as river current speed, cross-sectional area, etc. 

Converting The Mass Balance Equation into Numerical Form 

The mass balance equation in equation (1) is analyzed using the forward 
difference and central difference approaches, then the mass balance equation 
becomes: 

𝑐D823 − 𝑐D8

∆𝑡
= −𝑈

𝑐D823 − 𝑐D/38

2∆𝑥
+ 𝐸

𝑐D823 − 2𝑐D8 − 𝑐D/38

∆𝑥'
− 𝑘𝑐D8 +

𝑊
𝑉
	    (2) 

Where i denotes the distance variable and L is the time variable. 

Determination of Nitrogen Concentration at Steady State (İnitial 
Condition). 

Determine the value of nitrogen concentration at steady state using the volume 
control approach [7].  

Determination of The Nitrogen Concentration Model Against Distance and 
Time Using The Finite Difference-Runge Kutta Order 4 Method. 

The concentration obtained at steady state is used to calculate the 
concentration at unsteady state. The calculation to find the nitrogen 
concentration value when unsteady uses the following equation [8]: 

   𝑐D238 = 𝑐D8 + E
3
E
(𝑘3 + 2𝑘' + 2𝑘F + 𝑘G)F ∆𝑡      (3) 

To obtain the slope values (k1, k2, k3, and k4), a mass balance equation that 
occurs in the river is needed, namely: 

𝑓(𝑡, 𝑐) = (0
,1//(0

,

∆I
= −𝑈 (01/

, /(02/
,

'∆J
+ 𝐸 (01/

, /'(0
,/(02/

,

∆J!
− 𝑘𝑐D8     (4) 

The stability of the model is needed for the conditions for determining the 
change in time (∆t) according to the following equation: 

 ∆𝑡 = ∆J
K

     (5) 
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Where: 

∆x = distance change (m) 

U = current speed of Sail river (m2/sec) 

Getting the equation from k1, the equation to be derived is equation (4) so that 
the equation for k1, k2, k3, and k4  is as follows: 

   𝑘3 = 𝑈 (01/
, /(02/

,

'∆J
+ 𝐸 (01/

, /'(0
,/(02/

,

∆J!
− 𝑘𝑐D8      (6) 

𝑘' = 𝑈
L(01/
, 2/!∆IB/M/L(02/

, 2/!∆IB/M

'∆J
+ 𝐸 I

(01/
, 2/!∆IB/
∆J!

J − 𝐸 I2
(0
,2/!∆IB/
∆J!

J −

𝐸 I2
(02/
, 2/!∆IB/
∆J!

J − 𝑘 K𝑐D8 +
3
'
∆𝑡𝑘3L  

   (7) 

𝑘F = 𝑈
L(01/
, 2/!∆IB!M/L(02/

, 2/!∆IB!M

'∆J
+ 𝐸 I

(01/
, 2/!∆IB!
∆J!

J − 𝐸 I2
(0
,2/!∆IB!
∆J!

J −

𝐸 I2
(02/
, 2/!∆IB!
∆J!

J − 𝑘 K𝑐D8 +
3
'
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 (8) 
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, 2∆IB3</;(02/

, 2∆IB3<
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+ 𝐸 M(01/
, 2∆IB3
∆J!

N − 𝐸 M2 (0
,2∆IB3
∆J!

N −

𝐸 I2
(02/
, 2/!∆IB3
∆J!

J − 𝑘 K𝑐D8 +
3
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∆𝑡𝑘FL   

  (9) 

Result and Discussion 

Determination of Mass Balance 

This study uses primary data that’s obtained from direct measurements on the 
Sail River. Based on the measurement results, primary data can be seen in the 
following table.  

Table 1. Primary research data 

Creek current speed 

Symbol Value Unite 

U11 0,02597 m/s 

U12 0,02597 m/s 

U13 0,02667 m/s 

U14 0,02625 m/s 
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U15 0,02778 m/s 

Current speed of the Sail river 

U21 0,15873 m/s 

U22 0,15873 m/s 

Symbol Value Unite 

U23 0,16949 m/s 

U24 0,23256 m/s 

U25 0,15152 m/s 

Creek width L1 12,27 m 

Sail river width L2 20,6 m 

Creek nitrogen concentration C1 9,74 mg-N/L 

Sail river nitrogen concentration C2 1,68 mg-N/L 

Creek depth 

H1a 1 m 

H1b 1,105 m 

H1c 0,47 m 

Sail river depth 

H2a 0,54 m 

 H2b 0,34 m 

H2c 0,36 m 

The primary data obtained are used to calculate the value of Current speed of 
the river, cross-sectional area, dispersion coefficient, decay rate, volume, and 
pollutant load. This can be seen in the following table.  

Table 2. Component models in the mass balance equation 

Variable Symbol Value Unite 

Average velocity of creek U1 2292,019 m/day 

Average velocity of Sail 
river U2 1551,31431 m/day 

The average cross-
sectional area  Acs 8,515 m2 

Distance change  ∆𝑥 2 M 
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Dispersion coefficient E 2569,094052 m2/day 

Volume/segment  V 17,0293 m3 

Pollutant load W 705336,6257 mg-N/day 

Decay rate k 0,01948484 mg-N/day 

The value of the decay rate (k) was obtained from sampling Sail river water 
and tested in the laboratory for 5 days. To determine where the decay reaction 
occurs, the coefficient of determination (R2) is used. From the calculation 
results, the reaction occurs in order 2 with the coefficient of determination 
(R2) is the largest among the other orders, which is 0.0813. This order was 
chosen because the resulting value is close to 1. So that the value of the 
nitrogen decay rate (k) is the value of b, namely the regression coefficient of 
0.0195 mg / L-day.  

 
Figure 3. Nitrogen concentration for 5 days was in order 0, order 1 and 

order 2 

Determination of Nitrogen Concentration in Steady-State Conditions 
(İnitial Condition). 

The nitrogen concentration results obtained from the calculation of volume 
control are added to the results of the Sail river nitrogen concentration from 
the laboratory test results of 1.68 mg-N/L. This is done to determine the value 
of nitrogen concentration along the river Sail at steady state. In this study, 
using a distance of up to 30 meters and the value is shown in the following 
table. 
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Tabel 3. Nitrogen concentration in Sail river in steady state condition 

i 
(segmen) 

x 

(Distance 

 =m) 

Nitrogen 
concentration 

by volume 
control 

Nitrogen concentration in 
the Sail river at steady 

state 

1 2 3,956265303 5,636265303 

2 4 3,956257940 5,636257940 

3 6 3,956250577 5,636250577 

4 8 3,956243214 5,636243214 

5 10 3,956235851 5,636235851 

6 12 3,956228488 5,636228488 

7 14 3,956221125 5,636221125 

8 16 3,956213762 5,636213762 

9 18 3,956206399 5,636206399 

10 20 3,956199036 5,636199036 

11 22 3,956191673 5,636191673 

12 24 3,956184310 5,636184310 

13 26 3,956176947 5,636176947 

14 28 3,956169584 5,636169584 

15 30 3,956162221 5,636162221 

Determination of Nitrogen Concentration in Unsteady-State Conditions 
Using The Finite Difference-Runge Kutta Method 

Calculation of nitrogen concentration in unsteady state uses the finite 
difference-runge kutta order 4 method.The results of nitrogen concentration 
based on time and distance are obtained with 10 different times, namely when 
L = 0 (0 seconds), L = 1 (11.48 seconds), L = 2 (22.96 seconds) to L = 10 
(114.8 seconds). The calculation of changes in time uses equation (5). 

The results of nitrogen concentration based on time show that when i = 10, 
which is at a distance of 20 meters, it is found that the nitrogen concentration 
of the Sail river changes over time, where the time starts from L = 0 to L = 10 
with the increasing interval of nitrogen concentration not constant. This is 
shown in the following table. 
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Table 4. Nitrogen concentration based on change in time when i = 10 (20 
meters) 

L t (detik) C (mg-N/L) 

0 0 5,63619904 

1 11,48 5,80339930 

2 22,96 5,97556745 

3 34,44 6,09314668 

4 45,92 6,17344620 

5 57,4 6,35659248 

6 68,88 6,54517213 

7 80,36 6,73934635 

8 91,84 6,93928110 

9 103,32 7,14514729 

10 114,8 7,35712088 

Nitrogen concentration based on changes in the distance indicates that the 
farther the distance, the less nitrogen concentration is. The decrease in 
nitrogen concentration over each distance is 7,58 × 10/E mg-N/L. The 
decrease is constant. This is shown in the following table. 

Table 5. Nitrogen concentration based on change in distance when L = 1 
(11.48 seconds) 

I Distance (m) C (mg-N/L) 

1 2 5,80346753 

2 4 5,80345995 

3 6 5,80345237 

4 8 5,80344479 

5 10 5,80343721 

6 12 5,80342963 

7 14 5,80342204 

8 16 5,80341446 
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9 18 5,80340688 

10 20 5,80339930 

11 22 5,80339172 

12 24 5,80338414 

13 26 5,80337655 

14 28 5,80336897 

15 30 5,80336139 

Sail river Nitrogen Concentration Value Based on The Model with 
Observation 

The nitrogen concentration value obtained from the model was compared with 
the nitrogen concentration value based on observations from the laboratory 
test results. 

Table 6. Comparison of nitrogen concentration results based on models and 
observations 

Reference 
C model 

(mg-N/L) 

C observation 

(mg-N/L) 
Difference in results 

(%) 

distance 
(m) 

2 5,80345995 6,72  1,36389 

4 5,80345237  6,72  1,36391 

Time (t) 
11,48 5,80345995  6,72  1,36389 

22,96 5,9756299  6,72  1,11076 

The ratio of nitrogen concentration to the distance from the model results to 
the observation has a small difference in the results of 1.36%. The small 
difference indicates that the numerical method used can represent the nitrogen 
concentration in the river due to discharge from the creek with the limitation 
that no other input enters the river which can increase the concentration value. 
Based on the comparison of nitrogen concentration to time from the results of 
the model with observation, the difference in results is smaller, namely 1.36% 
at 11.48 seconds and 1.11% at 22.96 seconds.  

Conclusions 

Based on research results from the modeling of nitrogen concentration based 
on distance and time that’s can be said this model can be applied to the Sail 
river. 
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İzmir’de Moringa (Moringa oleifera) Bitkisinin 
Yetiştirilebilirliği ve Ham Besin Madde İçeriği 

Foudelou Issaka Ibrahıma* 

Figen Kırkpınar** 
 Özet  

Bu çalışmanın amacı, Moringa (Moringa oleifera) bitkisinin İzmir iklim 
koşullarında yetiştirilme olanaklarını ortaya koymak ve bu koşullarda yetişen 
söz edilen bitkinin ham besin madde içeriğinin saptanmasıdır. Çalışmanın ilk 
aşamasında, Moringa bitkisi 2019-2020 döneminde İzmir-Bornova’da, E.Ü. 
Ziraat Fakültesi Tarla Bitkileri Bölümünün deneme alanında yetiştirilmiştir 
(38°27.07 Kuzey, 27°13.28 doğu ve 26 m). Bu kısımda elde edilen gözlemlere 
göre, gerektiğinde ek sulama uygulanma suretiyle, İzmir’de Nisan ayından 
Aralık ayına kadar moringa bitkisi yetiştirilebilmektedir. Çalışmanın ikinci 
aşamasında Weende Analiz Yönteminden yararlanılarak bu koşullarda 
yetişen Moringa örneklerinin yüzde olarak (%) ham besin madde içerikleri 
belirlenmiştir. Örneklerin ham protein (HP) içeriği Kjeldahl yöntemine, ham 
yağ (HY) içeriği dietileter ekstraksiyonuyla soksalet esktraktörü kullanılarak 
ve ham selüloz (HS) içerikleri Fiber Bag tekniğine göre saptanmıştır. 
Örneklerin organik madde (OM) miktarları, KM – HK, N-siz öz madde 
(NÖM) miktarları ise, OM – (HP+ HY + HS) farkından hesaplanmıştır. Bu 
bölümde elde edilen bulgulara göre, 5 aylık yaşta hasat edilen Moringa kuru 
ottaki kuru madde (KM) ve KM’de organik madde (OM) ham kül (HK), ham 
protein (HP), ham yağ (HY), ham selüloz (HS), nitrojensiz öz maddeler 
(NÖM) içerikleri sırasıyla %92.14±0.33, % 89.38±0.40, %10.62±0.09, 
%22.96±0.40, %5.63±0.07, %8.83±0.17 ve %51.96±0.77 olarak saptanmıştır. 
Sonuç olarak, İzmir ikliminde tarla koşullarında İlkbahar, Yaz ve Sonbahar 
mevsimlerinde Moringa bitkisi yetiştirilebilmektedir. Bu koşullarda yetişen 
moringa bitkisinin ham besin madde içeriğine bakıldığında şuanda kullanılan 
kaba yemlere göre üstün olduğu için İzmir hayvan yetiştiricileri için alternatif 
bir kaba yem kaynağı önerilebileceği kanısına varılmıştır. 

Anahtar Kelimeler: Alternatif Yem Kaynağı, Besin Madde İçeriği, Moringa 
Oleifera, Mucize Ağacı, Yem Değeri  

 
* Ege Üniversitesi, Fen Bilimleri Enstitüsü, Zootekni Anabilim Dalı, İzmir 
** Ege Üniversitesi, Ziraat Fakültesi, Zootekni Bölümü, İzmir  
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Giriş  

Türkiye’de kanatlı sektöründeki ilerlemelerle beraber protein kaynaklarına 
olan ihtiyaç artmakta ve yem üretiminde karşılaşılan kısıtlar nedeniyle 
günümüzde kullanılan yem hammaddelerinin alternatifleri aranmaktadır [1]. 
Alternatif besleme stratejisi olarak konvansiyonel olmayan ve kurak iklim 
koşullarına dayanıklı olan yerel yem kaynaklarının kullanımı gereklidir [2], 
[3]. Türkiye’de olduğu gibi çoğu ülkenin soya ihtiyaçları ithalat yoluyla 
karşılanmaktadır. Bu nedenle alternatif yem kaynaklarının araştırılması 
gittikçe daha fazla önem kazanmakla beraber kaliteli ve yerel üretime uygun 
olanlar tercih edilmelidir. Bu alternatif kaynaklar yem maliyetini azaltmaya 
yardımcı olabilmekte, aynı zamanda mevcut konvansiyonel yemler (mısır ve 
soya gibi) için insan ve hayvancılık endüstrisi arasındaki rekabeti 
azaltabilmektedir [4]. 

Kaliteli ve düşük maliyetli konvansiyonel olmayan (alternatif) yem 
kaynaklarının kullanımı, sürdürülebilir hayvancılık için büyük bir önem 
taşımaktadır [5]. “Mucize ağacı” olarak bilinen Moringa oleifera, bir besin 
kaynağı ve tıbbi bir bitki olması yanı sıra birçok alanda kullanımı nedeniyle 
dünya genelinde yaygın olarak yetiştirilmektedir [6]. Ağacın her kısmının 
farklı düzeylerde önemli mineraller, vitaminler, amino asitler, beta-karoten ve 
çeşitli fenolik maddeler içermesinden dolayı birçok araştırmada büyükbaş, 
küçükbaş ve kümes hayvanları için alternatif protein yem kaynağı olarak 
uygun görülmüştür [3], [7], [8]. Ayrıca moringa, verimliliği düşük topraklarda 
da yaşayabilmesi daha geniş çapta ekilmesine fırsat sunmakta; dolayısıyla 
girdiği bölgelerde hızlı bir şekilde yaygınlaşmaktadır [9]. Besin maddelerince 
zengin olmasından ziyade çeşitli çevre koşullarına dayanıklı olduğu için 
bulunduğu bölgelerde alternatif yem kaynakları arasında öne çıkmaktadır.  

Moringa, Hindistan kökenli bir bitki olup tropikal ve tropikal iklim 
özelliklerine benzeyen bölgelerde yetişmektedir [9]–[12]. Bu ana bölgeden 
yıllardır tüm kıtalarda çoğu ülkeye yayılmıştır. Türkiye'de ise ancak 2017 
yılında Tarım ve Orman Bakanlığı tarafından onaylanan "Mucize Bitki 
Moringa'nın Kadın Çiftçilerle Türkiye Tarımına Kazandırılması" isimli proje 
kapsamında ilk defa Gaziantep'te yetiştirilmiştir [13]. Türkiye’de, çok değişik 
toprak, iklim ve üretim desenleri bulunmasına rağmen az sayıda yem bitkisi 
tür ve çeşidinin tarımı yapılmaktadır. Ayrıca mevcut bitkilerle, yem bitkileri 
tarımını geliştirmenin kolay görülmemesi yeni tür ve çeşitlerin gerekliliğini 
göstermektedir [2]. Bu bağlamda Türkiye’de tarımı yapılan yem bitkilerine 
göre verim ve kalite yönünden üstün özellikler taşıyan moringa gibi bitkilerin 
yakın gelecekte alternatif yem bitkileri olarak tarla tarımı içerisinde 
olabileceği öngörülmektedir [14]. Bu açıdan yola çıkarak Türkiye’de 
şimdiden bu bitki ile ilgili çalışmaların yürütülmesine ihtiyaç duyulmaktadır.  
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Hayvan besleme açısında alternatif yemlerin hayvan performansı ve sağlığı 
üzerine etkileri [15] ve tüketiciler açısında özellikle et kalitesi üzerine 
etkilerini belirlemek önemlidir. Tüm bu önemli parametreler, kullanılan 
yemin kimyasal özellikleri ile doğrudan ilişkilidir. Bu nedenle yeni alternatif 
yem kaynaklarının kimyasal özelliklerinin incelenmesi gerekmektedir. 

Bu çalışmanın amacı, Moringa (Moringa oleifera) bitkisinin İzmir iklim 
koşullarında yetiştirilme olanaklarını ortaya koymak ve bu koşullarda yetişen 
söz edilen bitkinin ham besin madde içeriğinin saptanmasıdır. 

Materyal ve Yöntem  

Yem Materyali 

Çalışmanın yem materyalini, mucize ağacı olarak adlandırılan moringa (M. 
oleifera) bitkisi oluşturmaktadır. Bitki, Ege Üniversitesi Ziraat Fakültesi 
(EÜZF) Tarla Bitkileri Bölümü deneme alanında yetiştirilmiştir (Şekil 1). 
Moringa tohumu, Benin’den temin edilmiştir. Önce laboratuvarda tohumlar 
çimlendirilip 4 hafta sonra 01/05/2019 tarihinde tarlaya dikilmiştir. Biçim 
zamanı Eylül ayında 5 aylık yaşta (ilk çiçeklenme dönemi) yapılmıştır.  

  
Şekil 1. EÜZF Tarla Bitkileri Bölümü deneme alanında moringa tarlası (a. Tarlada 2 
aylık moringa bitkileri; b. Tarlada 5 aylık moringa bitkileri) 

 

Yem Materyalinin Yetiştirildiği Yerin İklim Özellikleri 

Araştırmada kullanılan bitki, 2019’de İzmir-Bornova’da, EÜZF Tarla 
Bitkileri Bölümü’nün deneme alanında yetiştirilmiştir. Ege Bölgesi’nde 
bulunan yetiştirme alanı deniz seviyesinde olup [16] 38°27.07 kuzey, 
27°13.28 doğu ve 26 m boylamları arasında kesişen koordinatlardadır. 
Bölgenin iklim özellikleri Çizelge 1’de verilmiştir. Bu çizelgede görüldüğü 
gibi deneme bölgesinde hava sıcaklığı artışı yaklaşık olarak Mart ayında 
başlayıp Temmuz ayında en yüksek değere ulaşmaktadır. Sıcaklıkların 
artmaya başladığı aydan itibaren yağışlar azalarak kurak periyoda doğru 
girmektedir. Bornova yöresinde sonbahar, kış ve ilkbahar aylarında yağışlar 

a b 
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görülmekte, Yaz döneminde ise hemen hemen hiç yağış görülmemektedir. 
Yıllık ortalama yaklaşık 700 mm ve düzensiz yağış rejimi nedeniyle tarla 
bitkilerinin sulanması gerekmektedir.  
Çizelge 1. İzmir’e ait mevsim normalleri - Ölçüm Periyodu (1938-2019)  

Aylar Oc
a. 

Şu
b. 

Ma
r. 

Nis
an 

Ma
y. 

Ha
z. 

Te
m. 

Ağ
us. 

Eyl
ül 

Eki
m 

Ka
s. 

Ar
al. 

Yıll
ık 

Ortalama 
Sıcaklık 
(°C) 

8.7 9.5 11.6 15.8 20.8 25.
5 28.0 27.6 23.6 18.7 14.

1 10.4 17.8 

Ortalama 
En Yüksek 
Sıcaklık 
(°C) 

12.
4 

13.
6 16.2 20.9 26.1 30.

7 33.2 32.9 29.1 23.9 18.
5 14.0 22.6 

Ortalama 
En Düşük 
Sıcaklık 
(°C) 

5.7 6.2 7.6 11.1 15.4 19.
8 22.4 22.3 18.6 14.5 10.

7 7.5 13.5 

Ortalama 
Güneşlenme 
Süresi (saat) 

4.3 5.2 6.4 7.9 9.8 11.
6 12.3 11.9 10.1 7.6 5.6 4.2 96.2 

Ortalama 
Yağışlı Gün 
Sayısı 

12.
6 

10.
8 9.3 7.9 5.4 2.2 0.4 0.5 2.0 5.4 8.8 12.7 78.1 

Aylık 
Toplam 
Yağış 
Miktarı 
Ortalaması (
mm) 

132
.7 

102
.2 76.1 45.4 31.1 9.9 1.7 2.9 13.6 43.8 92.

9 
143.

1 
711.

1 

En Yüksek 
Sıcaklık 
(°C) 

22.
4 

27.
0 30.5 32.5 37.6 41.

3 42.6 43.0 40.1 36.0 30.
3 25.2 43.0 

En Düşük 
Sıcaklık 
(°C) 

-8.2 -5.2 -3.8 0.6 4.3 9.5 15.4 11.5 10.0 3.6 -2.9 -4.7 -8.2 

Kaynak: Meteoroloji Genel Müdürlüğü (2020) 

 

Araştırma Yerinin Ekime Hazırlanması, Bakım ve Hasat 

Moringa fidanları deneme parseline dikilmeden önce çapa yardımıyla toprak 
kabartılarak yabancı otlar uzaklaştırılmıştır. 01/05/2019 tarihinde hazırlanmış 
parsele 45 tane moringa fidanının dikim işlemi yapılmıştır. İki bitki arasında 
25 cm’lik mesafe bırakılarak tüm fidanlar tek sırada dikilmiştir. İlk ayda 
bitkiler günde bir defa olmak üzere su hortumu yardımıyla sulanmıştır. İkinci 
aydan itibaren damla sulama yöntemiyle iki günde bir defa sulanmıştır. Doğal 
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yağışlardan sonra yağmur miktarına göre en az iki günlük sürede sulama 
kesilmiştir. 

Ekimi izleyen ilk 3 ayda birer defa koyun-keçi gübresi verilmiştir (toplam 25 
kg gübre). Denemede, hastalık-zararlı mücadelesi veya yabancı otlara karşı 
hiçbir kimyasal mücadele yapılmamıştır. Fakat gerektiğinde çapa yardımıyla 
yabancı ot mücadelesi yapılmıştır. Hasat işlemi ise (Şekil 2), 5 aylık yaşta (ilk 
çiçeklenme dönemi) yerden en az 50 cm uzunlukta gövde kesilerek tüm 
yaprakların biçilmesi suretiyle gerçekleştirilmiştir. 

  
Şekil 2. Moringa bitkisinin hasat şekli (a. Hasat öncesi moringa bitkileri; b. Hasat 
sonrası moringa bitkileri) 

 

Moringa Bitkisinin Kurutulması  

Çalışmada kullanılan moringa, hasat edildikten sonra oda sıcaklığında 
kurutulmuştur. Bitkinin doğal halde kuru madde (DH_KM) içeriği saptanmak 
üzere hasattan hemen sonra her numune alınmış ve 105°C’de 16 saat etüvde 
kurutularak DH_KM içeriği saptanmıştır.  

  

Şekil 3. Moringa bitkisinin kurutulması (a. Kurutma işlemi; b. Doğal halde kuru 
madde saptama) 

 

 

a b 

a b 
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Weende ve Van Soest Analiz Yöntemleri 

Analizler, Ege Üniversitesi Ziraat Fakültesi Zootekni Bölümü Kimyasal 
Analiz Laboratuvarları’nda gerçekleştirilmiştir.  

Deneme yemleri oda sıcaklığında kurutulduktan sonra 1 mm elek çapına sahip 
değirmende öğütülerek analizlere hazırlanmıştır. Denemede yemlerinin 
kimyasal analizi için 5’er tekerrür olarak yapılmıştır. Yemlerin ham besin 
madde içerikleri (kuru madde: KM, ham kül: HK, ham protein: HP, ham yağ: 
HY, ham selüloz: HS) Weende analiz yöntemiyle belirlenmiştir. Kuru madde 
(KM) içerikleri 105 °C’de 16 saat etüvde kurutularak, ham kül (HK) içeriği 
ise 550 °C’de 16 saat kül fırınında yakılarak saptanmıştır. Azot (N) içeriğinin 
saptanmasında Kjeldahl metodundan yararlanılmış, ham protein (HP) içeriği 
ise Nx6.25 formülü ile hesaplanmıştır. Ham yağ (HY) analizi susuz dietil eter 
kullanılarak Soxhlet ekstraksiyonu ile yapılmıştır [18]. Ham selüloz (HS) 
içerikleri %12.5 H2SO4 ve %12.5 NaOH solüsyonları kullanılarak tespit 
edilmiştir [19]. Örneklerin organik madde (OM) miktarları, KM – HK, 
Nitrojensiz öz maddeler (NÖM) ise; 100 – %(nem + HP + HY + HK + HS) 
şeklinde hesaplanmıştır.  

  

Şekil 4. Moringa bitkisinin kimyasal analizlere hazırlanması (a. Kurutup öğütülmüş 
moringa bitkisi; b. Taze moringa bitkisi) 

  

Bulgular 

Moringa Bitkisinin Yetiştirilebilirliği ve Kuru Madde Verimi 

Moringa, doğrudan tohumla veya en az 4-5 cm’lik kalınlıktaki gövde veya 
dallar kesilip ekilebilmektedir. Bu çalışma kapsamında tohumdan moringa 
bitkisini yetiştirmek için izlenen aşamalar Şekil 5’te gösterilmiştir.  

a b 
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Şekil 5. Moringa bitkisini yetiştirmek için izlenen aşamalar (a. Gölgelik altında tohum 
çimlendirme; b. 3-6 haftalık yaşa kadar güneş görebilecek bir yerde fidan yetiştirme; 
c. 4-6. haftadan sonra tarlaya dikme d. Bakım (sulama, çapalama, gübre…)  

 

Ekildikten sonra 5-6 ay içerisinde uygun koşullarda çiçeklenmektedir. 
Kesildiğinde kalın gövde ve dallarından hızlı bir şekilde yeni tomurcuklar 
çıkartır, donduğunda (ılık bir kıştan sonra) yerden (köklerinden) 
filizlenmektedir [10], [20]. 

Şekil 6’da İzmir’de bu çalışma kapsamında tarafımızca oluşturulan moringa 
tarlasının kış öncesi hali ve kış aylarında yaprakları dökülmüş hali 
gösterilmiştir.  

a b 

c d 
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Şekil 6. İzmir’de kış öncesi ve kış aylarında moringa tarlası (a. Aralığın ilk haftası, 
kışın hemen öncesi; b. Kışın tam ortasında, yapraklar dökülmüş, dallar kurumaya 
başlamış, c. Tarlada 5 ay sonra çiçeklenmiş moringa bitkisi, d. Kış sonrası kökten 
filizlenmiş moringa bitkisi)  

  

Dikim aralığı hektara 160.000 tane bitki alacak şekilde ekilmiştir. Buna göre 
elde edilen verim, taze ot (TO) ve kuru madde (KM) olarak Çizelge 2’de 
verilmiştir.  
Çizelge 2. Moringa bitkisinin verimi 

Denemede (45 tane bitki) Hektarda (160.000 tane bitki) 

TO (Kg) KM (Kg) TO (Ton) KM (Ton) 

8,86 2,04 31,5 7,24 

 

Moringa Bitkisinin Ham Besin Madde İçeriği  

Bu başlık altında çalışmada incelenen moringa bitkisinin besin madde 

a b 

c 
d 
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içerikleri, kuru maddede ve doğal halde olarak iki şekilde sunulmuştur. 
Çizelge 3. Kuru maddede ve doğal halde moringa bitkisinin (bütün) ham besin madde 
içeriği  

Besin Maddeleri 
(%) Kuru Maddede Doğal halde 

KM - 22.98±0.02 

OM 90.24±0.40 20.74±0.02 

HK 9.76±0.09 2.24±0.02 

HP 17.28±0.30 3.97±0.05 

HY 3.40±0.08 0.78±0.02 

HS 23.46±0.22 5.39±0.03 

NÖM 46.11±0.18 10.60±0.06 

OM: organik madde, KM: kuru madde, HP: ham protein, HY: ham yağ, HS: ham 
selüloz, NÖM: nitrojensiz öz maddeler 

 

Çizelge 3’te görüldüğü gibi yüzde (%) olarak KM’de OM = 90.24±0.40, HK= 
9.76±0.09, HP = 17.28±0.30, HY = 3.40±0.08, HS = 23.46±0.22 ve NÖM = 
46.11±0.18 olarak saptanmıştır. Diğer yanda DH’de KM = 22.98±0.02, OM 
= 20.74±0.02, HK = 2.24±0.02, HP = 3.97±0.05, HY = 0.78±0.02, HS = 
5.39±0.03 ve NÖM = 10.60±0.06 olarak saptanmıştır. 

Tartışma 

Moringa bitkisinin yetiştirilebilirliği ve kuru madde verimi 

İzmir’de meteorolojik verilere göre yıllık yağış ortalaması 700 mm olarak 
belirlenmektedir. Ortalama olarak en yüksek ve en düşük sıcaklıklar sırasıyla 
33.2°C ve 5.7°C olarak belirlenmektedir. Moringanın iyi yaşayabilmesi için 
gereken yıllık yağış ve çevre sıcaklığı ise sırasıyla 250-1500 mm ve 25-35°C 
arasında olmalıdır. Lakin gölgelik altında 48°C’de yaşayabilmektedir [21], 
[22]. İzmir’deki sıcaklıklar, aylık olarak incelendiğinde moringa bitkisinin 
Martta kapalı ortamda, Nisan sonu itibarıyla tarlada yetiştirilebiliriğini 
göstermektedir. Ancak denemede gözlemlenen bulgulara dayanarak, ek 
sulamanın yapılması şarttır.   
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Konfor bölgesi, doğrudan güneş ışığı altında ve deniz seviyesinin 100-700 
metre yüksekliği arasındadır [9]. Nötr veya düşük asitli toprakları tercih eder 
(pH=6.3-7.0) ancak sert ortamlarda da (deniz kenarı, fakir topraklar ve kurak 
iklim; pH=5-9) ve 0-2000 metre yükseklik arasında yetişebilmektedir [9], 
[10], [21]. 

Kesildiğinde kalın gövde ve dallarından hızlı bir şekilde yeni tomurcuklar 
çıkartır, donduğunda (ılık bir kıştan sonra) yerden (köklerinden) 
filizlenmektedir [10], [20].   

Hızlı büyüdüğü için yılda 9 defa biçilebilmektedir. Hasadı budama makası, 
bıçak veya motorlu biçme makinesi ile yapraklı dalları yerden 30 cm ila 1 m 
uzunluğunda kesilerek veya doğrudan yaprakları ağaçtan kopartarak 
yapılabilmektedir.  

Hektar başına 1 milyon bitki yoğunluğunda moringa bitkisinin yılda verimi 
78.00 ton taze ot, 13.26 ton kuru madde ve 2.52 ton ham protein olarak 
belirlenmiştir. Bir moringa ağacı yılda 15 000 ila 25 000 tohum 
üretebilmektedir [22]. Ancak iklim, yetiştirme yöntemi (toprak işlenişi, 
gübreleme, sulama…), yetiştirildiği bölgenin deniz seviyesi ve dikim 
yoğunluğu gibi faktörler bitkinin verimini etkilemektedir [21], [23].  

Toprak özellikleri ve iklim koşulları önemli bir derecede moringa bitkisinin 
verimini etkilemektedir [21]. Yapılan bir çalışmaya göre, kuru tropikal orman 
koşullarında (4 ile 7 ay boyunca kuraklık, 50 mm'den az yağış) toprağın azot 
ile gübrelenmesi (yılda 521 kg/ha) ve 167 000 bitki/ha ekim yoğunluğu 
durumunda, moringa bitkisi düzenli olarak yaklaşık 27 ton/ha KM verimini 
koruyabilmiştir [24]. 

Dania vd. (2014) gübre kaynağının moringa bitkisinin yaprak verimi ve besin 
madde konsantrasyonu üzerindeki etkilerini araştırmak için bir deneme 
yapmışlardır [25]. Bu çalışmada NPK (Nitrojen fosfor potasyum gübresi) ve 
organomineral gübrelerine kıyasla kanatlı hayvan gübresi, yaprak verimi ve 
ham besin maddeleri içeriğini önemli ölçüde iyileştirmiştir. Sığır gübresi 
uygulaması ise yaprak sayısı ve dal kalınlığını olumlu etkilemiş [26] ve bu 
açıdan yine kanatlı gübresi sığır gübresinden üstün bulunmuştur [27]. Bu 
bulgular verim açısından entegre bir sistemde kanatlı-moringa 
yetiştiriciliğinin daha iyi olacağını göstermektedir. Fakat Zubuko vd. 
(2019)’ın yaptıkları çalışmaya göre kanatlı gübresi uygulaması moringa 
bitkisinde verim ve protein içeriğinin artmasıyla birlikte insan sağlığına 
zararlı olabilecek kadar mikro elementler ve kadmiyum içeriğinin artmasına 
da neden olmaktadır (Dünya Sağlık Örgütü'nün önerdiği maksimum 
sınırlardan daha yüksek) [28]. Dolayısıyla bu gübrelerin kullanılmasında 
gereken maksimum sınırların belirlenmesi gerekmektedir. 

d 
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Ekim yoğunluğu ve gübreleme düzeyi moringa bitkisinin KM üretimini ve 
kimyasal madde içeriğini etkilemektedir. Yapılan çalışmalara göre ekim 
yoğunluğu [23], [24] ve azot gübreleme [24] KM üretimini önemli derecede 
etkilemiştir. Ancak bitkinin kimyasal içeriği ile ilgili, ekim yoğunlukları 
arasında anlamlı bir fark bulunmamışken; azot gübreleme, bitkinin ham 
protein içeriğini artırmıştır [24]. Dört farklı ekim yoğunluğu (435.000, 
300.000, 200.000 ve 100.000 bitki/ha) ile yapılan bir çalışmada ekim 
yoğunluğu artıkça KM üretimi (527’den 2867 kg’a/ha) artmıştır [23]. Bu 
nedenle fazla yaprak üretimi için, tohum veya sert ağaç gövdesi kesimleri (30 
cm ila 1 m uzunluğunda) kullanılarak yüksek yoğunluklu ekim (hektara 300 
000 ila 1 000 000 fidan) önerilmiştir [29]. 

Zheng vd. (2016), 2010-2012 döneminde, farklı ekim yoğunluklarının (0.2 m 
x 0.2 m, 0.4 m x 0.4 m ve 0.8 m x 0.8 m) ve kesme yüksekliğinin (15, 30 ve 
60 cm) KM verimi üzerine etkisini değerlendirmişlerdir. Güneybatı Çin'de 
yapılan bu çalışmada tüm değerlendirme dönemi boyunca en yüksek ekim 
yoğunluğunun (0,2 m × 0,2 m) en yüksek taze ot (TO) ve kuru madde (KM) 
verdiği görülmüştür. Ayrıca 30 cm'lik kesme yüksekliği, yağışlı mevsimde en 
yüksek TO ve KM verirken, 15 cm'lik kesme yüksekliği, kuru mevsimde en 
yüksek TO ve KM vermiştir. Bu bulgular ışığında en yüksek verimi sağlamak 
için düşük yağış bölgelerinde düşük kesme yüksekliği önerilebilmektedir.  

Diğer yandan biçim aralığı da KM verimini etkilemektedir. Gadzirayi vd. 
(2019) yapmış oldukları çalışmada 60 günlük bir kesme aralığının, 75 günlük 
bir kesme aralığından daha yüksek yaprak kuru maddesi verimine sahip 
olduğunu bulmuşlardır [31]. Ancak bütün bitkide bu iki kesim aralıklarında 
KM verimi açısında anlamlı bir fark gözlenmemiştir. Başka bir deyişle erken 
kesimde yaprak verimi daha yüksek, geç kesimde sap verimi daha yüksek 
anlamına gelmektedir. Bu görüşü destekleyen bir çalışmada 45 ve 60 günlük 
aralıklarla 40 ila 120 cm'lik yükseklikte yapılan biçimlerde en yüksek KM 
verimi 45 günlük aralıklarla ve 40 cm'lik yükseklikle bulunmuştur [32]. 

Moringa Bitkisinin Ham Besin Madde İçeriği  

Bitkinin yaşı, KM ve besin madde içeriklerini etkileyen en önemli 
faktörlerden biridir. Bu çalışmada elde edilen bulgulara göre bütün olarak 
moringa bitkinin DH’de KM içeriği % 22.98 olarak bulunmuştur. Sebola vd. 
(2019), olgunlaşmış ve olgunlaşmamış moringa bitkisiyle yaptıkları 
araştırmada benzer sonuçlar elde etmişlerdir [5]. 

Çalışmamızda 3. biçimde saptanan KM’de HP düzeyi bazı çalışmalarda 
bildirilen düzeylerden (%20-39) daha düşüktür [33]–[36][5]–[7], [22]–[24], 
[32]–[36]. Fakat bu araştırmalarda bütün olarak değil, sadece yapraklarla 
çalışılmasından kaynaklanmaktadır. Ayrıca Moringa oleifera varyetelerinin 
HP içeriğinde (%15-39) önemli farklılıklar olduğu bildirilmiştir [37], [38].  
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Bu çalışmada saptanan moringa bitkinin OM, HK, HY ve NÖM içerikleri 
daha önceki çalışmalara uyumlu olduğu görülmüştür [5], [7], [24], [35], [39], 
[40]. 

Moringa bitkisi yem bitkisi olarak kullanılan diğer baklagil kaba yemleri 
arasında, en önemli besin unsurlarından HP açısından değerlendirildiğinde, 
öne çıkmaktadır. Canbolat ve Karaman (2009), Türkiye’de yem bitkisi olarak 
tarımı yapılan bazı baklagil kaba yemlerini inceledikleri çalışmada, HP 
içerikleri %14.89 ile %19.11 arasında değişmiştir. En yüksek ham protein 
%19.11 ile tüylü yoncada bulunmuştur. Benzer çalışmalarda en yüksek ham 
protein %19.75 ile %22.1 olarak yoncada bulunmuştur [41], [42]. Yürütülen 
bu çalışmada ise bütün olarak moringa bitkisinin HP içeriği %17.28 olarak 
saptanmıştır. Ancak daha genç hasat edilen moringa bitkisinde (35 günlük) 
HP içeriği % 30’u aşamaktadır. Ayrıca Canbolat vd. (2006); Canbolat ve 
Karaman (2009) ve Yavuz (2005) tarafından yapılan çalışmalarda incelenen 
baklagil kaba yemleri (yonca, adi yonca, düğmeli yonca, tüylü yonca, sarı taş 
yoncası, ak taş yoncası, hint yoncası, kamışsı yumak, buğday samanı, soya 
fasulyesi kabuğu, korunga, tüylü fiğ ve gazal boynuzu) değerlendirildiğinde, 
moringa bitkisinin HK ve HY içerikleri bakımından da sözü edilen kaba 
yemlerden üstünlük gösterdiği anlaşılmaktadır [2], [41], [42]. 

Sonuç ve Değerlendirme 

Moringa oleifera, faydalar nedeniyle dünyanın birçok yerinde 
yaygınlaşmaktadır. Bu çalışma, İzmir tarla koşullarında da moringa bitkisinin 
yem değerini koruyabildiğini göstermiştir. Önümüzdeki dönemlerde 
yapılacak başka çalışmalarda daha fazla biçim (5-9 biçim) yapılarak 
moringanın besin maddesi içerikleri bakımından incelenmesi gerekmektedir. 

Moringa bitkisi erken hasat edildiğinde HS ve KM içerikleri düşük, geç hasat 
edildiğinde KM ve HS içerikleri yüksek bulunmaktadır. Birinci durumda yem 
değeri yüksek, ikinci durumda ise yem değeri düşmektedir. Bu nedenle 
bitkinin yetiştirilmesi ile ilgili teknik koşullara bağlı olarak hem daha fazla 
verim hem de daha yüksek yem değeri elde etmek için uygun hasat zamanını 
seçmek gerekmektedir. Bu bağlamda entansif işletmelerde (yüksek dikim 
yoğunluğu) 35 ile 45 gün arasında hasat aralığı, yarı entansif işletmelerde 
(orta dikim yoğunluğu) 50 ile 60 gün arasında hasat aralığı önerilmektedir.   
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Comparative Study of Composted Grevillea robusta-
Paspalum and Alnus acuminata-Paspalum Biomasses 

Jean Claude Tuyisenge*,** 

Abstract 
Intensive cultivation with reduced inputs, deforestation and tillage degrade 
soil organic matter and impoverish soil quality in tropics, especially in 
Rwanda. Inorganic fertilizers have been damaging environment (e.g., 
eutrophication and drinking water containing nitrogen). This study compares 
composted Grevillea robusta (GR)-Paspalum (P) and Alnus acuminata (AA)-
Paspalum biomasses potential for improving and maintaining soil fertility, 
and assesses their best combination. Heap composting at Ruhande Arboretum, 
Rwanda for 6 weeks, with 3 treatments (GR-P, AA-P and GR-AA-P) and 2 
replications with randomized complete block design was performed. After 
laboratory analysis of composts, Excel and GenStat Discovery Edition 4 were 
used for data management and analysis. No significant difference found 
between treatments means, as F pr> 0.05 at 5% (significance level) for 
considered compost characteristics. But, a slight difference was found 
considering tables of means and histograms. The AA-P compost had high 
organic matter, organic carbon, extractable phosphorus, mineral nitrogen, and 
C/N ratio, with moderate pH, and having low total nitrogen, total phosphorus, 
cation exchange capacity (CEC), ash and moisture content. The GR-P 
compost possessed low organic matter, organic carbon, extractable 
phosphorus, pH, with moderate total nitrogen, mineral nitrogen, C/N ratio, 
and CEC, but possessing high total phosphorus, ash and moisture content. The 
GR-AA-P compost had high total nitrogen, CEC, and pH, with moderate total 
phosphorus, extractable phosphorus, organic matter, organic carbon, ash and 
moisture content, but with low mineral nitrogen, and C/N ratio. Due to similar 
abilities, all composts can serve as a cheap and organic ferilizer undoubtedly 
reducing environmental pollution. 
Keywords: Compost; Grevillea robusta; Alnus acuminata; Paspalum, 
Fertilizer 
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Introduction 

Intensive cultivation combined with insufficient inputs contributes to poor 
soil quality. Besides, given that most Rwandans rely on agriculture and 
considering the continuous population growth. Soil fertility solutions become 
of great need [1]. In Rwanda, agriculture is a sector for survival and 
development. Agriculture also induces land degradation, which is an 
environmental issue in the country [2]. In tropics where Rwanda is found, 
mineral fertilizers contributes to health hazards through eutrophication and 
leaching of nitrates in drinking water [3]. It was mentioned that the nitrates 
leaching is an environmental threat in agriculture at the same time being a 
considerable global issue [4]. 

Inorganic fertilizers damages environment [3]. Investigations of alternatives 
for increasing organic fertilizer quantities are carried out [1]. So, there is an 
urgent need for making organic fertilizers like composts available for use. 
Once a compost is tested, its application can be performed more accurately 
[5]. Organic fertilizers characterization can be more informative. This can 
contribute to crop production increase and a reduced environmental pollution 
and health hazards. 

Grevillea robusta is an ornamental tree in warm-temperate and semitropical 
climates. It is also planted on small farms in tropical highlands of Africa, 
where it is grown within crop areas. Its leaves serve for bedding in stables and 
as mulch [6].  

Alnus acuminata as a tree whose leaves are rich in nitrogen. It contributes in 
reclamation, nitrogen fixation, and soil improvement [7]. It has been 
recommended in some high altitude regions of Rwanda [8].  

Paspalum Notatum Flugge as one of paspalum species is a perennial herb 
which spreads by seeds and by rhizomes [9]. In Rwanda, it is exotic and it is 
grown almost everywhere in Butare city gardens [10]. It strongly resists stress, 
grows faster and yields high biomass [11]. 

Composting which is known as a process for forming humus like organic 
materials outside the soil through piling, mixing, or storing organic materials 
under conditions leading to aerobic decomposition and conservation of 
nutrients [12 - 13]. The heap composting method being the one in which 
organic materials like biomass, weeds, crop residues, and animal excreta are 
stacked together in alternating layers, and the surface is covered by a small 
layer of soil or dry leaves [14]. 

This study provides science-based information about the potential of 
composted Grevillea robusta-paspalum (GR-P) and Alnus acuminata-
paspalum (AA-P) biomasses or their combination (GR-AA-P) for supplying 
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plant nutrients like nitrogen (N) and phosphorus (P), and for serving as the 
organic matter (OM) source.  

Materials and Methods 

Materials 

Composting trials include leaves and twigs of Grevillea robusta and Alnus 
acuminata, paspalum biomass, soil, tree branches. During sampling, auger, 
plastic bags, and sack were utilized. During laboratory analysis, materials 
varied for each tested parameter according to the analysis method mentioned 
in the laboratory analysis section. 

Methods 

Experimental Design  

Heap composting by stacking materials in alternative layers [14] was used, 
and materials were mixed as shown below: 

 
Laboratory Analysis 

For total N and mineral N: Kjeldahl method [15 - 16], OM and ash content : 
Loss-on-Ignition [16 - 17] total P and extractable P : UV spectrophotometer 
[15 - 16], pH: potentiometric method [16], CEC [16], moisture [15], organic 
carbon: OM×0.54 [18], and C/N ratio [19]. 
Data Analysis 

Microsoft Excel and GenStat Discovery Edition 4. Means were compared 
based on the LSD at 5% significant level. 
Results and Discussion 

Total N and Mineral N Content 

 

Figure 3. Total Nitrogen and Mineral Nitrogen Content in Composts 
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Total N 

The total N in finished compost falls in the range 0.4%-3.5% [20]. Total N 
often ranges from 0.5% to 2.5 % (dry weight basis) in finished composts [5, 
21] which is met by studied composts (Figure 1). However, laboratory data 
shows that the GR-AA-p compost can be considered as the best compost for 
supplying the total N in high amount. 

Mineral Nitrogen 

Studied composts contain low amount of available N (Figure 1) compared to 
the N level in most common manures and chemical fertilizers like urea. Low 
available N is also an important aspect for reducing nitrates leaching to 
drinking water and for eutrophication prevention [3 - 4]. 

Total P and Extractable P 

 

Figure 4. Total Phosphorus and Extractable Phosphorus in Composts 

Total P 

Total P level of quality compost varies between 0.6 % and 0.9% [22]. Total P 
in finished compost: 0.3 % P2O5 (0.131% P) - 3.5% P2O5 (1.528% P) [20]. 
Investigated composts possess low total P (Figure 2) compared to some 
quality composts. For producing P rich composts, adding P rich materials 
where applicable is suggested. 

Extractable P 

Studied composts have low quantity of extractable P (Figure 2) compared to 
the level mentioned by [15, 23] in dung and urine of goat, cattle and sheep. 
Their extractable P is also less than what was reported in straw bedding, cow 
manure, poultry manure, and farm yard manure [23 - 24]. Long composting 
period (> 6 weeks) is needed for composts to generate high P amount in plant 
available forms unless no phosphorus enrichment during composting.   
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Figure 5. Cation Exchange Capacity of Composts 

[25] indicated that most composts possess the CEC > 60 meq/100g for 
fulfilling the quality standard of a finished compost. Research results show 
that only the GR-AA-P compost has the CEC falling above such critical CEC 
level for quality composts. But as [12] mentioned that the CEC of organic 
matter for compost is 50-70 Cmolc / Kg. Therefore, GR-AA-P and GR-P 
composts (Figure 3) fall in such range, with only the AA-P compost having a 
slightly low CEC compared to a desired CEC. 

Organic Matter, Organic Carbon, Moisture and Ash Content 

Organic Matter 

 

Figure 6. Organic Matter (OM), Organic Carbon (OC), Moisture (M) and Ash (A) Content 

Compared to straw bedding and cow manure [24], each compost has higher 
OM content (Figure 4). OM for finished compost: 25%-50% [20]. High 
quality compost possesses a minimum of 50% OM quantity based on dry 
weight [13], supporting investigated composts with OM amount that is not 
very low (Figure 4). It was reported that no ideal OM content in a finished 
compost. OM level decreases during composting. The OM content (dry 
weight basis) in finished compost varies from 30% to 70 %, with the range of 
50-60 % considered as preferable for most compost uses [21]. Hence, studied 
composts can be used as a good source of OM for soil fertility improvement 
and maintenance. 

Organic Carbon 
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composts possess higher OC content (Figure 4) than the amount in straw 
bedding and cow manure. Each compost has the OC in the standard range 
mentioned by [14] for the decomposed matter. Also as the OC in finished 
compost is 8% - 50% (dry weight) [20]. Therefore, each compost contains the 
OC in recommended range for a finished compost.  

Moisture Content 

Compared to straw bedding and cow manure [24]. Each compost (Figure 4) 
can hold a lot of water than cow manure and straw bedding. As excessively 
wet compost with moisture amount at 60% and above can be clumpsy and 
heavy presenting difficulties for uniform application and requiring high 
delivery cost. But very dry compost with less than 35% moisture quantity can 
be dusty as well as irritating during its use [26]. For investigated composts, 
the moisture level is very closer to the recommended range. This proves that 
studied composts can present no handling and application difficulties. 
Besides, they possess a great potential for sufficiently holding water. 

Ash Content 

Considering that the amount of ash varies with changes in OM content [27]. 
Investigated composts were burnt at 500-600°C leaving only mineral 
constituant known as ash greatly composed by Ca, P, K, Mg and other 
inorganic elements which are not oxidized. Moreover, as ash content in most 
composts ranges from 40% to 55 % [28]. Ash in AA-p compost falls in the 
range for most composts. Both GR-AA-p and GR-p composts possess slightly 
great ash quantity (Figure 4). Basd on the ash content is such composts, it is 
expected that the overall total amount of other mineral elements like Ca, Mg, 
K and heavy metals follows this order: GR-p > GR-AA-p > AA-p. 

C/N Ratio  

The C/N ratio required by microorganisms: 25-35:1. C/N ratio ˂ 20:1: Excess 
of N and deficiency of C leading to ammoniacal N volatilization. Fertilizer 
efficiency decreased resulting from N loss [29]. It is clear that studied 
composts (Figure 5) can serve as a good source of nitrogen if adequate 
compost application and good management practices are adopted.  
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pH 

 
Figure 8. pH of Composts 

For aerobic decomposition, the acceptable pH is 5.5-9.0, while the ideal pH is 
6.5-8.0. For all studied composts, the pH value (Figure 6) at least falls in the 
acceptable range [29]. Composts having very low pH level (<4.0) need to be 
utilized with attention, because the low level of compost pH can be a sign of 
poor composting which ends up in the production of organic acids which are 
potentially toxic [13]. This justifies to a certain degree that composting 
method utilized in this study is undoubtedly a good composting practice based 
on pH levels. 

Conclusion 

Based on analysed parameters only, composts decomposition order is AA-P 
˃ GR-P ˃ GRAA-P. On the other hand, the order for compost quality is GR-
AA-P ˃ AA-P ˃ GR-P. But studying other parameters is essential. It was 
found that the AA-P compost can serve as the best source of mineral N and 
available P. The GR-P compost was found as a good and cheap source of total 
N, and total P. All composts can serve as an important source of organic matter 
and organic carbon. During composting process, the C/N ratio and pH 
adjustment can enhance decomposition for achieving a good quality compost.  

In terms of nutrient content, it was found that the content for all composts is 
low compared to nutrient content in chemical fertilizers. However, all studied 
composts showed high nutrient content compared to organic manures like 
cattle, goat and sheep urine.  
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Abstract 

In the present age of human life, due to the dramatic increase in human daily 
needs for electricity consumption, various power plants are being built to 
generate electricity and therefore transmission lines are being increased. 
Because of this, very serious risks, such as short-circuiting or high fault 
current, could endanger consumed electrical systems, power plants, and 
transmission lines, and could cause irreparable damage to the system's 
production, transmission, and consumption. To prevent and minimize fault 
current in the power grid, fault current limiters (FCL) protection systems are 
needed. This study presents a novel structure of a permanent magnetic-based 
fault current limiter and magnetic-electrical investigation under laboratory 
fault conditions. In the new prototype, a DC reactor based permanent magnet 
(PMDCR) is connected to an electric circuit. The prototype setup is built and 
tested and simulated with MAXWELL-3D. The comparison of experimental 
and simulation results show that the proposed PMDCR based on FCL is a 
promising solution to address protection and limitation issues.  
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Introduction 

In the present world, due to the dramatic increase in human daily needs for 
electricity consumption, various power plants are being built to generate 
electricity and therefore transmission lines are being increased. So very 
serious risks, such as short-circuiting or high fault current, could endanger 
power grid, and could cause irreparable damage to the system's production, 
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transmission and consumption.  

Higher capacity of the power grid results in higher fault currents [1]. Power 
quality studies show that 80% to 90% of the customer's displeasure is due to 
voltage sags and most of them are due to short circuits in the power system 
[2]. For such reasons, the power systems were put at risk of high fault current. 
The reliability and stability of the systems is directly related to control and 
decrease the severity of the fault currents. Fault current limiter (FCL) is 
defined as a practical solution for limiting high-level fault currents occurred 
in power systems. FCL is attracted researchers’ attention in a wide range of 
research studies and various types of FCL circuits are introduced including 
superconducting FCL, Non Superconducting FCL, Solid State FCL, Magnetic 
FCL, and Liquid Metal FCLs [3].  

Against this background, this study has proposed novel non superconducting 
permanent magnetic based double series DC reactors (PMDCR) based FCL 
to enhance the controlling and limiting ability and the reliability under fault 
states of system, decreasing its impedance as well as possible in normal state. 
The PMDCR is designed, and an experimental prototype has been fabricated 
to validate the analytical method. The simulation and experimental results are 
presented. 

Proposed Double Series DC Reactors (PMDCR) Configuration 

In this study, each DC reactors consists of four permanent magnets which are 
been placed in two ferromagnetic cores that are connected together with a coil. 
As shown in Figure 1., D1, D2, D3 and D4 are rectifier bridges diodes, LP is 
reactor inductance, rP is the reactor resistance and IP is DC current of the 
PMDCR. VS is AC voltage resource and I is line current.  

 
Figure 1. Proposed PMDCR type fault current limiter topology. 

Analytical Studies  

Steady State of the Electrical Circuit without the PMDCR  
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In the absence of any fault in the electrical circuit, the current value is 
calculated from the following equations [4]: 

 

 (1)  

Then, 

 (2)                                                                                                                                                           

 

Fault Mode of the Electrical Circuit without the PMDCR  

In the fault current mode of the electrical circuit, the current value is calculated 
from the following equations [4]: 

(3) 

Then, 

 (4) 

Response and Recovery Time Calculation 

A decrease in rate of response time and recovery time for the FCLs, cause to 
increase efficiency in response to the fault and recovery to the normal 
condition of the electric circuit. So, it is very important to calculate the 
response time and recovery time for the PMDCR cores [4]. 

Response and recovery time of magnetic field induction of the PMDCR cores 
are calculated from the following equations [4]: 

For response time, 

(5) 

Parameter t1 is the induction 
start time of core under the fault condition of the electrical circuit which is 
equal to the fault current start time or time of the first rise of the magnetic 
field of the core and parameter t2 is the maximum induction time of the fault 
condition of the electrical circuit or time of the last rise of the magnetic field 
of the core; this means that after this time the core has a maximum value of 
the magnetic field under the fault current of the electric circuit before the fault 
is removed [4]. 

For recovery time, 

(6) 

Parameter t3 is the induction termination time of core in the normal condition 

2 1( ) 0.9ResT t t= - ´ 0S S Line L Line LineV r i r i Ri- - - = 0S S Line L Line f LineV r i r i r i- - - =
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of the electrical circuit which is equal to the fault current termination time or 
time of the first reduction in the magnetic field value of the core and parameter 
t4 is time of minimum value of the induction of the core in normal condition 
of the electrical circuit or time of the last reduction of the magnetic field of 
the core; this means that after this time the core has no magnetic field changes 
after removing the fault current and returns to the normal condition [4]. 

Electrical Losses 

Generally, core losses occur in ferromagnetic materials magnetic cores under 
alternating magnetic field excitations, comprises of eddy current loss and 
hysteresis loss. But in this master thesis, there are not any alternating magnetic 
field excitations because of DC current flow through the ferromagnetic core. 
So, electric losses for DC reactor cores are calculated with the following 
equation [4]: 

 (7) 

Here, the symbols of (R) and (iN) are resistance and DC current of core. 

Steady State of the Electrical Circuit with the DCR 

In this case, the PMDCR is connected to the rectifier bridges output terminals 
in the AC grid then the PMDCR charges with the DC current via Rectifier 
Bridges. So, conducting started by the switches of the rectifier bridge (D1 and 
D4 for positive half cycles and D3 and D2 for negative half cycles) and DC 
voltage of rectifiers bypass the DC reactors during the normal operation mode. 
In this condition without any changes in the load, the current passing through 
the DC reactors becomes zero [4]. Thus PMDCR bypassed and show 
negligible impedance in the line as shown in Figure 2.  

 
Figure 2. Bypassing the PMDCR during the steady state. 

During the steady state condition, the line current and voltage follows these 
equations: 

 (8) 
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 Then, 

 (9) 

A sudden change in the load value increases the DC reactors currents. In this 
state, current variation of the DC reactors cause dropping voltage on the 
reactors. Before load variation, the PMDCR is bypassed and at the instant of 
load variation, the voltage drops on the reactor bridges limit and control the 
line current transient variation [4]. 

Magnetic Analysis of the PMDCR Simulation  

Through this current variation in fault mode, the magnetic eruption density 
distribution of the PMDCR cores was changing as shown as Figure 3.   

 
Figure 3. The magnetic eruption density distribution inside of the PMDCR 

cores. 

It should be noted that the permanent magnets are aligned with the direction 
of the magnetic field inside of the ferromagnetic core. 

Experimental Test Results 

The experimental electrical and magnetic tests of the proposed PMDCR in 
electrical circuit are performed using the scale-down prototype setup to 
confirm the simulation results. The prototype includes two Rectifier Bridge 
and two permanent magnetic based DC reactors as fault current limiter. Setup 
parameters are listed in Table 1, and the prototype configuration is shown in 
Figure 4. 
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Table 1. The experimental test parameters values. 

Symbol Description Value 

 AC source voltage 26.5V 

 Source resistance 0.1Ω 

 Line resistance 0.1Ω 

 DC reactor resistance 0.1Ω 

 Fault resistance 0.01Ω 

 Variable resistor 0-1000Ω 

 Source inductance 10mH 

 Line inductance 10mH 

 DC reactor inductance 0.5H 

 Line current  

 DC reactor current  

 Reactifier bridge diode  

 Reactifier bridge diode  

 Reactifier bridge diode  

 Reactifier bridge diode  

The experimental test setup is shown in figure 4. 
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Figure 4. Experimental test setup. 

Experimental Magnetic Analysis of the PMDCR 

A variation in the load value caused voltage drop and inducts the PMDCR as 
shown in Figure 5. 

 
Figure 5. Magnetic Analysis of the PMDCR in fault and steady state modes. 

According to Figure 5, the PMDCR core has not any magnetic field changes 
in normal mode in 𝑡 < 𝑡3 and 𝑡 > 𝑡G, but at fault mode in 𝑡3 ≤ 𝑡 ≤ 𝑡G, the 
magnetic field variation values of the inner and outer shell of the PMDCR 
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core are about 60mT and 9mT in 𝑡3 ≤ 𝑡 ≤ 𝑡' and             𝑡F ≤ 𝑡 ≤ 𝑡G. The 
maximum value of the core magnetic field is in𝑡' ≤ 𝑡 ≤ 𝑡F. The magnetic 
inductance variation of the PMDCR inner shell is 6.7 times greater than the 
outer shell. In this figure, the PMDCR has basic magnetic field because of 
permanent magnets in cores. After fault mode magnetic field decrease to its 
normal basic value. 

Experimental Electrical Analysis of the PMDCR  

A fault current applying to the electrical circuit, caused voltage drop in the 
line. The line current variation in fault mode without any protection device is 
shown in Figure 6.  

 

 
Figure 6. The line current during fault and normal mode without the 

PMDCR. 

Connecting the proposed PMDCR as a protection device to the line, decreased 
the fault current to an acceptable level as shown in Figure 7. 
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Figure 7. The line current during fault and normal mode with and without 

the PMDCR protection device. 

Conclusion 

In this paper, the effect of the novel non superconducting double series DC 
reactors (PMDCR) based fault current limiter is investigated. The 
electromagnetic analyzes of PMDCR in normal and fault modes are studied. 
The obtained results show that, connecting the proposed PMDCR as a 
protection device to the electric line, not only caused decreasing the fault 
current value to an acceptable level but also gives a smoothly increasing value 
form to transient current variation, as shown in Figure 7. The proposed 
PMDCR has been successfully enhanced the limiting ability and the reliability 
under fault states of line and decreasing its impedance as well as possible in 
normal state. 
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Analysis of the Most Common Commercial Fish Species 
Found in Mogadishu Coast, Somalia 

Liban Isse Farah* 

 

Abstract 

This study is required to find out the most common commercial fishes found 
along the coast of Mogadishu-Somalia. A student at City university of 
Mogadishu, faculty of marine science and fisheries conducted the survey. The 
survey was cried out a case study of Lido and Urobo beach fish landings. The 
data collected through simple questionnaire from randomly selected 66 
fishermen at the case study of lido and Hamarweine. In addition to that, the 
data was analyzed using computer software as SPSS and Excel and Word. The 
result illustrated that most common fishes found in Mogadishu coast were 
surface pelagic fishes and bottom fishes. The top observed pelagic fishes 
include Yellow fin Tuna, Skipjack tuna, kawakawa tuna, mackerels, 
billfishes, Mahimahi. In this group, the observed species also include species 
of fish which occur both inshore and offshore waters including some Jack fish 
and shark species. On the other hand, top demersal fishes were also spine-foot 
fish, emperors, seabreams, red snappers, parrot fishes, Surgeons and few 
species of snappers and groupers.  Thus, these fishes were compared to the 
major fishes that are found in the entire Somali coast in other words it is put 
side by side with the species got through in the literature and finally find-out 
that the findings to be reliable. 

Keywords: Pelagic, Demersal, Commercial Fish Species 

 

Introductıon 

Fish is an important protein source of food and diet for more than one billion 
people in the World[1]. In Africa, the great majority of fish landed is 
consumed locally. approximately, 10 million Africans rely on small-scale 
fisheries as their most important livelihood, and a further 90 million (farmers 
and other poor people) depend on fishing as part of a diversified livelihood 
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strategy[2].  Somalia has the longest coastline in African mainland and its 
marine ecosystem is endowed with a rich biodiversity of fishery resources. 
The potential fisheries production of Somali water is estimated over 200, 000 
tons per year [3]. Fishery sector of Somalia provides food, livelihoods, 
income, and employment opportunities over 400,000 Somalis who are 
directly or indirectly engaged in fisheries activities  [4]. 

 Additionally, the marine ecosystem of Somalia is rich in aquatic life, it has 
the dynamic oceanographic patterns which attract many migratory fishes such 
tunas, billfishes, and sharks. It has also tropical nature of coral reefs which are 
home to hundreds of species of marine life and open sea pelagic fish and 
schooling creatures such as sardines and squids which are also attracted by 
the high productive waters of Somalia [4].  The coastal waters of Somalia 
which border both western Indian Ocean in the east and the Gulf of Aden in 
the north are considered one of the most productive areas in the world where 
coastal upwelling up welling occurs [5]. Several surveys that have been 
conducted in the western Indian ocean and Somali waters show some key 
information about the oceanic pelagic fish and coastal demersal fish off the 
Somalia coast.  Studies also show that there are significant fish stock and 
valuable fish species which are caught from Somali water.  

In Western Indian Ocean, most abundant marine fishes caught include 
skipjack tuna (Katsuwonus pelamys), Indian oil sardine (Sardinella 
longiceps), yellowfin tuna (Thunnus albacares), Longtail tuna (Thunnus 
tonggol), Bombay duck (Harpadon nehereus), Indo-Pacific king mackerel 
(Scomberomorus guttatus), Spanish mackerel (Scomberomorus commerson), 
Emperors (Lethrinids), pelagic and demersal perciforms species 
(Perciformes), Drums or croakers (Sciaenidae), Groupers (Serranidae) this 
information is revealed by landing category report of Western Indian Ocean,  
see [6].  

Among the fish species currently landed from waters of Somali through 
inshore and offshore waters include high migratory large pelagic and small 
pelagic fishes and valuable demersal fish. The high migratory of ocean pelagic 
fishes found in coastal waters of Somalia include tuna (Thunnus albacares), 
bigeye tuna (T. obesus), longtail tuna (T. tonggol), bonito (Sarda orientalis), 
skipjack tuna (Katsuwonus pelamis), and Spanish mackerel (Scomberomorus 
commerson)[3]. The migration of Small pelagic fishes such as the Indian oil 
sardinella (Sardinella longiceps), rainbow sardine (Dussumieria acuta), 
Scads (Decaptrus spp), chub mackerel (Scomber japonicus), horse mackerel 
(Trachurus indicus), and lesser quantities of anchovies (Engraulis japonicus, 
Stolephorus spp) have also been reported as mainly distributed fish species in 
the Exclusive economic zone of Somalia[3].   
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According to a report by [5], the most abundant small pelagic fish which were 
observed in the north coast of Somalia between Ras Asir and Ras Hafun along 
the continental shelf between 5° and 8°N were the Indian oil sardine 
(Sardinella longiceps), round herring (Decapterus macrosoma) and scads 
(Decapterus merudsi).  The important demersal fish species which are caught 
close to the shore are the grunt, emperor, grouper, goatfish, snapper, jack, 
seabream, and lizardfish families [5]. Study by [4] divides the pelagic fishes 
into two groups small pelagic fishes such as sardines, herring, and anchovies, 
and large pelagic including: tuna, billfishes, mackerel and dolphinfish. 
Furthermore, the demersal fish species comprise an important contribution in 
the catches of Artisanal fisheries all along the Somali coast, for example large 
demersal species are estimated 40, 000 MT per year and 30,000 MT of sharks 
and rays. Nevertheless, demersal reef species which are exploited in waters of 
Somalia constitutes several hundreds of fish species, the main commercial 
groups include the scavengers (Lethrinidae), groupers (Serranidae), snappers 
(Lutjanidae), grunts (Pomadasyidae), and seabreams (Nemipteridae), lizard 
fishes (Synodontidae), and goatfishes (Mullidae) [3].   

Sharks also make important part in coastal fisheries of Somalia as liver oil; 
dried fins and the meat are essential to local and export products. Inshore 
sharks which are likely to be captured by Somali artisanal fisheries include 
blacktip reef shark (Carcharhinus melanopterus), thintail thresher shark 
(Alopias vulpinus), and hammerhead sharks (genus Sphyrna) [4]. According 
to [3], Hammerheads (Sphyrnidae), grey sharks (Carcharhnidae), mako shark 
(Lamnidae), hound-sharks (Triakidae) and dogfish (Squalidae) are the 
principle migratory shark species which are mainly distributed in Somali 
water.  

Although there are some studies which refer the general fish groups that may 
be found Somali water. However, historical studies for the common 
commercial fish assemblages found in Mogadishu coast were not found. 
Therefore, from this perspective, the aim of this study is to analyze the most 
common commercial fish species found in Mogadishu coast, Somalia. So far 
this is the first survey that deals the analyses of the most common commercial 
fish species distributed along Mogadishu Coast, Somalia.  

The specific objectives of this survey are:  

a. To estimate seasonal variability and availability of fish landed in 
Mogadishu coast. 

b. To categorize the different fishing methods & fishing tools used the 
catch of common commercial fish species found in Mogadishu. 

c. To find out the biogeographical fishing zones and distance of fishing 
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for the commercial artisanal fisheries.  

Materıal and Methods  

Study Area  

Mogadishu also known as “Hamar” is the Banadir region and the capital city 
of Somalia. It is situated in southeastern coast of Somalia. Mogadishu or 
Banadir region is one of the nine coastal cities of Somalia.  Its coastline 
extends from Adale coast to Jazira beach. The depth of the coast may vary 
from place to place but general deeper after one mile. The water temperature 
of all seasons ranges between 29 and 31.5°C. The pH of the water is 7.8 and 
8.1 pH units, and the salinity varies from 27.5 to mainly 35 g L-1.        

Mogadishu has a relatively three main fish landing centers: Lido and Urubo 
and Jazira fish landings. There are two mini fish markets and one major busy 
fish market (Hamerweine). These, three fish markets are stationed in Abdi-
Aziz, Hamarweine and Wadajir districts. They are supplied mainly by Lido, 
Urubo and Jazira fish landings. Much of the fish landed at Lido beach is sold 
in Lido fish market while the Urubo landings are sold in Hamarweine fish 
market however, most of the fish laded at Jazira beach are transported to 
Madina fish market in Wadajir district, (Figure 1) shows the two sampling 
areas of Lido and Hamarweine [7].  

 
Figure 9.Study area Mogadishu: Lido beach and Hamerweine Fish 

market[8]. 
Lido Fish Landing  

In southeast of Mogadishu coast, Lido beach is in the village of Abdiaziz 
district, it was established during the late 1930s by Italians living in Somalia’s 
Italian capital. “Lido” is the Italian word meaning “beach.” The beach is 
common for thousands of visitors. Today, hundreds of Somali fishermen use 
the beach for anchorage, landing and selling for their catch. Most fishermen 
in Lido beach use small boats and ancient fishing techniques to catch fish. 
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Currently, artisanal fisheries in Lido beach involve almost 135 types of small-
scale rowing boats, canoes and Volvo fiberglass motorboats about 3-12m long 
which are designed and built in Local.  The period when the fishing season is 
open from Autumn to Spring in the months from October to May Lido auction 
is usually crowded with fishermen, traders, buyers from different regions, 
below (Figure 2) shows one of the study areas crowded by fishermen [7].  

 
Figure 10. Lido beach, fish landing site this photo is documented by the 

Author. 

Hamarweine Fish Market  

This the biggest fish market in Mogadishu. This fish sold in this market is 
from lido and Urubo fish landing is in Hamarweine district near the right back 
Hamarweine fish market and right side of Urubo Hotel. More than 50 small 
size fishing boats are moored off the Urubo beach every day. Both 
Hamarweine and Lido fish landings are major outlets for fishes landed in 
Mogadishu coast.  Sometimes they host the largest catches from distant 
coastal fishing towns like Adale, Eelma’an and Jaziiro and fish catch from the 
surrounding towns [7]. 

Sampling method, Data Collection and Analyzing Procedures  

This study is conducted in Mogadishu coast between November 2017 and 
October 2018. A survey based on a simple questionnaire is conducted at a 
case study of two landing sites in Lido and Hamarweine is conducted. The 
quantity of fish species arriving were simply counted and landed fish were 
documented, pictured in the field for identification. Two days visit to the fish 
landing of Mogadishu coast were scheduled in every month.  A transect walk 
was organized and each month two to three fishermen were questioned about 
the fishing zone, distance of fishing, methods, and materials of fishing (gill 
nets, trap nets, handlines or longlines). The survey provided identity of the 
fish and abundance of the species caught as common commercial types of fish 
and their arriving quantities in general. The data collected were prepared for 
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interpretations and analyzed using computer software such as Excel and SPSS 
and finally tabulated. The fish species were identified with their correct 
English, Scientific and Somali names. So far, this survey provided the first 
qualitative and quantitative data about the common commercial fish species 
landed in Lido and Hamarweine fish landings of Mogadishu coast, Somalia. 
The study establishes bases for the popular species distributed in water off 
Somalia.    

Results  

The data that was obtained indicates that there are two main fish groups 
pelagic and demersal fish species which are landed in Mogadishu coast. The 
following (Table 1) shows the most abundant pelagic fishes being landed in 
Mogadishu coast with their Somali, English and scientific names.    
Tablo 1 Common Commercial Pelagic Fish Found in Mogadishu Coast. 

Somali name English 
name 

Scientific 
name 

Counts Percentage 
(%) Frequency  

Dhiigloow Kawakawa 
Tuna 

Euthynnus 
affins 

2392 20.1 

Saynab Spotted 
Somali seer 
fish 

Scomberomor
us plurineatus 

1889 15.9 

Yuumbi cade King 
Mackerel   

Scomberomor
us guttatus 

1895 15.9 

Jeedar Yellow-fin-
tuna 

Thunnus 
albacores  

1312 11.0 

Sanuuro Skipjack 
Tuna 

Katsuwonus 
pelamis 

804 6.76 

Shiiraan Jacks  Carangidae 757 6.37 

Jabto/Majabto Talang 
queenfish 

Scomberoides 
commersonnia
nus 

722 6.071 

Shaamshuutar Striped Sarda 698 5.87 
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bonito tuna orientalis 

Booraay Bullet tuna Auxis rochei 312 2.62 

Daanberi Bill fishes Xiphidae & 
Istiophoridae   

298 2.51 

Dooldool Lady fish Elops 
machnata 

267 2.25 

Sucbaan Mahi-mahi Coryphaena 
hippurus 

247 2.08 

Yuumbi 
Baxreed 

Wahoo Acanthocybiu
m solandari 

156 1.31 

Seynuub Bigeye tuna         Thunnus 
obesus 

143 1.20 

 

 

 

 

 

 

 
 

 
Figure 11. Common Commercial Pelagic Fish Found in Mogadishu, 

Somalia. 
The second group of the common commercial fish species caught in 
Mogadishu coat is demersal fish or reef associated fish species. With a list 
Somali names, English name, and scientific name (Table 2) illustrates the 
dominant demersal fish landed in Lido and Hamarweine fish Landings of 
Mogadishu coast.    
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Tablo 2 Common Commercial reef associated Fish Found in Mogadishu coast. 

Somali 
name 

English 
name 

Scientific 
name 

Counts Percentage (%) 
Frequency  

Saanfiid Spinefoot 
fish 

Siganus sutor  3598 52.2 

Tartabo  Sea bream  Acanthopagru
s berda 

1303 18.9 

Dhuubaan
i  

Emperors Lethrinidae 680 9.87 

Jeerjeer Slit-eye 
shark 

Loxodon 
macrorhinus 

398 5.78 

Gaduudo
w 

Snappers Lutjanidae  285 4.14 

Madaxgo
ys 

Parrotfishes Scaridae 237 3.44 

Kaxan Surgeons   Acanthuridae 230 3.33 

Qashir 
weyne  

Groupers  Epinephilinae  158 2.29 
 

Figure 12. Percentage Total counts of Common Commercial Demersal Fish 
Mogadishu coast. 
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Discussions 

Among the species counted in this survey a total of 22 fish species including 
eight families were found as the most dominant and relatively landed marine 
species in Mogadishu coast Somalia. As the above tables indicate, the top five 
dominant pelagic species are Kawakawa tuna (Euthynnus affinis), Spotted 
Somali seer fish (Scomberomorus plurineatus), king mackerel 
(Scomberomorus guttatus), yellow fin tuna (Thunnus albacores) and skipjack 
tuna (Katsuwonus pelamis) respectively.  These five species belong to the 
Scombridae family and they were regularly observed in the fish landings in 
almost all season of the year.   From the same Scombridae family a good 
quantity of striped bonito tuna (Sarda orientalis), Bullet tuna (Auxis rochei) 
and big eye tuna (Thunnus obesus) were also listed as main pelagic fish caught 
in Mogadishu coast. Nevertheless, Talang queenfish (Scomberoides 
commersonnianus), Orange-spotted trevally (Carangoides bajad) and 
Blacktip trevally (Caranx heberi) are examples of carangidae family which 
constitute a significance amount in the common commercial species observed 
in Lido and Hamarweine fish landings.  The bill fishes as well play a good 
percentage, they are the highest migratory species, and they are mainly 
appeared in two seasons in winter and Spring from December to June.  
Seasonal billfish species which were remarked as top pelagic fish include 
Indo-Pacific blue marlin (Makaira mazara), Indo-Pacific sailfish (Istiophorus 
platypterus) and Swordfish (Xiphias gladius). These are followed by other 
seasonal pelagic fish such as lady fish (Elops machnata), mahi mahi 
(Coryphaena hippurus) and wohoo (Acanthocybium solandari) which also 
play an important fraction in the common commercial catches.   

Demersal fish families are encountered as the majority fish species being 
landed in Mogadishu coast.  Epinephilinae, Acanthuridae, Lutjanidae, 
Scaridae, Lethrinidae all contain demersal species except carangidae family 
which contains both inshore and offshore species. Sky emperor (Lethrinus 
mahsena), spangled emperor (Lethrinus nebulosus), Emperor red snapper 
(Lutjanus sebae), brown-spotted grouper (Epinephelus chlorostigma), 
marbled parrotfishes (leptoscarus vaigiensis) and eye-striped surgeonfish 
(Acanthurus dussumieri) can be drawn as as fairly observed demersal fish. 
These species are mainly landed in summer during southwest monsoonal 
season from June to September, when the offshore fishing is. Further, in this 
study the spinefoot fish (Siganus sutor) accounts as top dominant of observed 
demersal fish species, and it has appeared in all the seasons. Sharks and sea 
breams such as (Loxodon macrorhinus), (Acanthopagrus berda) also account 
good amount. On the other hand, the fish in Mogadishu are mainly caught 
using the artisanal fishing method of gill fishing, handline or longline with 1 
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to 24 nautical miles.      

However, this study determined seasonal variability and the availability of 
fish landed in Mogadishu coast through collecting hundreds of various types 
of fish targets by local fisheries. So far, the wide coverage of common 
commercial fish species has been first determined in south eastern coast of 
Somali. Therefore, this preliminary data is expected to help in understanding 
market catch, the dominant demersal and pelagic fish of Somali.  

Conclusıon and Recommendations 

Fishery is a dynamic condition it changes from region to region and from 
temporal to temporal that means it is always necessary to undertake regular 
intensive research related to catch per unit effort and stock assessments of 
Somalia fish to make sure weather the dominant species have been replaced 
by new species or if they can persist to continue their dominance. Therefore, 
there always need for a more extensive data collection from fish landing sites, 
and the activities taking place there, especially the volume of fish and fish 
types in Somalia. Only then we can we have policies aimed at good fisheries 
management and governance.[7] 
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Raman Spectroscopy - History and Applications in 
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Abstract 
Raman spectroscopy is a molecular spectroscopic technique in which incident 
photons lose or gain energy via interactions with vibrating molecules in a 
sample. This technique utilizes the interaction of light with matter to gain 
insight into characteristics of materials. Raman spectroscopy is based on the 
inelastic scattering of light discovered by Chandrasekhara Venkata Raman in 
1928, for which he was later awarded the Nobel Prize. This is one of method 
which requires only minimal or no sample preparation for measurements and 
do not damage the sample. This article will present developement of Raman 
spectroscopy during the last century and the applications of this technique in 
different fields of science nowdays. Although the Raman effect was 
discovered more than 70 years ago, only in the last two decades it has become 
an important tool for researches in many areas like physics, chemistry, 
medicine, archeology, biology, forensic etc. Applications of Raman 
spectroscopy in the life sciences have included identifying molecules and 
studying chemical bonding, hyperspectral molecular imaging of cells and 
tissue, medical diagnosis, identifying individual pigments in paintings, 
investigating the chemical composition of historical documents and many 
others.  In the article will be explained the principle of Raman spectroscopy 
and how the progress of modern technology has influenced its development 
throughout history. There will be made also analyses of the articles that used 
Raman spectroscopy for their researches and showed achievements in that 
areas. Future perspectives that are being developed will come up and be 
discussed about. 
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Introduction 

Raman spectroscopy, a molecular spectroscopy which is observed as 
inelastically scattered light, allows for the interrogation and identification of 
vibrational (phonon) states of molecules. As the time elapsed, Raman 
spectroscopy became increasingly important in different areas like physics, 
chemistry, medicine, archeology, biology, forensic etc. 

In comparison to other vibrational spectroscopy methods, Raman has several 
major advantages. Raman spectroscopy requires little to no sample 
preparation, it is insensitive to aqueous absorption bands and short analysis. 
This property of Raman facilitates the measurement of solids, liquids, and 
gases not only directly, but also through transparent containers such as glass, 
quartz, and plastic. 

 

History of Raman Spectroscopy 

 

The principles of Raman 
spectroscopy are based on the Raman 
effect, the phenomenon of inelastic 
scattering of light (Raman scattering), 
which was discovered by C.V. Raman 
in 1928. The effect had been predicted 
theoretically by Adolf Smekal in 
1923. 5 years later C.V. Raman and 
K.S. Krishnan, published their light 
scattering experimental results, where 
have been explained the basis for the 
Raman Spectroscopy theory: 
molecular transitions caused by incident light will inelastically scatter the 
light. In the experiment, they focused a beam of sunlight and                                                                                                                                                                  
passed this beam through a green filter, after what green light            

  Figure 1. C.V. Raman 

was passed through a solution of chloroform. A faint yellow emission of light 
from the chloroform was able to detect.  The green light (higher energy) was 
inelastically scattered by the chloroform and the result was emission of yellow 
light (lower energy) [1].  
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Raman was awarded a Nobel Prize in physics in 1930 in recognition of this 
achievement. After the development of the monochromator in 1930, the first 
commercial Raman spectrometer was  built in 1953,  using mercury at a 
wavelength of 435.8 nm as radiation source. In 1952 developed  a mercury 
source system for the Raman instrument, which consisted of four lamps 
surrounding the Raman tube which became known as the Toronto Arc. The 
invention of the laser in 1960 and using it as a light source in Raman 
spectrometers presented great advance in spectroscopy, allowing its 
application in a faster and more reproducible manner. Advances in lasers and 
detectors and the discovery of new phenomena have expanded the use of 
Raman spectroscopy in several research fields. In the late 1970s was 
introduced Raman spectroscopy with an optical microscope by Delhaye and 
Dhamelincourt and was used for microanalysis in many fields, like single cell 
studies in biology. Another important step was the use of charge coupled 
device (CCD)1 detectors from 1987.  Using CCD detectors was improved 
Raman sensitivity and further extending the range of applications and problem 
of inherently weak signal of Raman scattering has been solved [2], [3].  

 

Figure 2. A timeline of events and discoveries in the history of Raman 
spectroscopy [4] 

 

The main events of the development of Raman spectroscopy are shown in 
Figure 2. The last one was use of Raman spectroscopy in planetary exploration 

 
1 A charge-coupled device (CCD) is an integrated circuit containing an array of 
linked, or coupled, capacitors, where each capacitor can transfer its electric charge to 
a neighboring capacitor. 
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as part of rover or lander instrumentation, in particular for the exploration of 
Mars. 

Through history several variations of Raman spectroscopy were also 
developed, such as Coherent Anti-Stokes Raman spectroscopy (CARS), 
Surface Enhanced Raman Spectroscopy (SERS), Resonance Raman 
Spectroscopy (RRS), Tip Enhanced Raman Spectroscopy (TERS) and 
Stimulated Raman Spectroscopy (SRS) [2].  

Theory of Raman Spectroscopy 

 Raman scattering 

The principle of the Raman effect is based on the inelastic light-scattering 
process between incident light and an irradiated substance, where the incident 
light interacts with molecules and distorts the electron cloud to form a “virtual 
level”. The “virtual level” is not stable and because of that the photons are 
scattered immediately to another state which is relatively stable. When the 
photons fall back to the initial energy level (ground level), there is no energy 
transfer occurring between the incident light and the scattered light, and there 
is no change in photon frequency and wavelength. This is known as Rayleigh 
scattering (Figure 3a). When the photons fall to a new energy level, which is 
different from the initial energy level, energy transfer happens (i.e., the photon 
loses or gains some amount of energy) and results in the laser photons energy 
being shifted down or up, which gives information about the vibrational mode 
in the system. This inelastic scattering is called Raman scattering [5].  

 
Figure 3. Diagram of the Rayleigh and Raman scattering processes: (a) 
Rayleigh scattering, (b) Stokes Raman scattering and (c) Anti-Stokes Raman 
scattering [5] 

There are two types of Raman scattering, Stokes Raman scattering and anti-
Stokes Raman scattering. In Stokes Raman scattering, photons are excited 
from the ground energy level and fall to a higher energy level (scattered light 
has a lower frequency than incident light) (Figure 3b). In anti-Stokes Raman 
scattering, photons are excited from the ground energy level and fall to a lower 
energy level (the scattered light has a higher frequency than the incident 
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light)(Figure 3c). Raman lines are expressed as Stokes and anti-Stokes, 
respectively. The intensity of the Stokes lines is higher than the intensity of 
the anti-Stokes lines. Therefore, as the Stokes line is more intense than the 
anti-Stokes line, only the Stokes spectrum is generally recorded and analyzed 
in Raman spectroscopy [5].  

                             ℎ𝜈&∓ = ℎ𝜈P + 	ℎ𝜈Q  (Raman Stokes scattering energy)                            
(1) 

                            ℎ𝜈&/ = ℎ𝜈P − 	ℎ𝜈Q (Raman Anti Stokes scattering energy)                      
(2) 

where ℎ - Plank constant (ℎ = 	6.626176	x	10/FG	Јс), 𝜈&- is the total 
frequency of the scattered light,  𝜈P- is the frequency of the incident light, and 
𝜈Q- is the frequency corresponding to the energy transition between 
vibrational states [6].  

Knowing the frequency of the incident light and measuring the frequency of 
the Raman scattered light, it is possible to calculate the vibrational energy 
difference. This energy is known as the Raman shift and is usually expressed 
in wavenumbers (𝑐𝑚/3) in a plot known as the Raman spectrum [7].  

During Raman spectroscopy characterization, the Raman spectroscopy 
instrument collects Raman scattered light from the tested sample and the 
corresponding Raman spectra carries material information on molecular 
vibration and crystal structure. Figure 4 shows the typical Raman spectra 
information and the corresponding material information [5].  

 
Figure 4. The typical information of Raman spectra and corresponding 

material information [5] 
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Application of Raman Spectroscopy in Science 

Raman spectroscopy has emerged in the past years as an extremely powerful 
method in almost all disciplines of natural science. It can be used for the 
chemical and structural identification of materials in the solid, liquid or gas 
state. Great expansion in applications has been seen in the last 20 years across 
many fields ranging, inter alia, from chemistry to mineralogy and geology, art 
and archaeology, forensic sciences and medicine, polymers and biomaterials 
[8].  

Physics 

Raman spectroscopy is commonly applied in solid-state physics, to 
characterize materials like e.g. semiconductors, measure temperature and find 
the crystallographic orientation of a sample. The optical properties of low-
dimensional systems and the energy of the phonons and their dependence on 
the size of the microstructures in the nanometer range can be determined by 
Raman spectroscopy. Also can be used to observe other low-wavenumber 
excitations of the solids, such as acoustical phonons.  

With Raman can generate images and characterise all types of 
semiconductors, including Si, carbon-based, III-V’s and polymers, as well as 
superconductors. This provides a wealth of information, including chemical 
composition, e.g. alloy fractions of compound semiconductors, stress and 
strain, dopant concentrations, thickness of thin films, crystal structure type 
and orientation, crystal quality, defects, uniformity and purity, device 
temperature [9]. 

Chemistry 

Raman spectroscopy is capable of yielding important chemical 
characteristics, like e.g. binding motives, weak interactions (hydrogen 
bonding), lone-pair character, etc. It represents one of the most useful tools 
for obtaining information about the structure and properties of molecules, 
particularly about the strength of the bonds in molecules and can be used as 
an instrument for a better description of chemical bonds. 

In the study of Melek Kır [10], the peaks given by Raman spectra in the 
excavations around Salt Lake (Tuz Gölü) showed that some materials contain 
chlorobenzene, serpentine and bronze. 

Medicine 

The application of Raman spectroscopy to the medical field has been 
increasing in recent years. Raman spectroscopy is a simple method, so the 
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method does not require special preparation of the sample and can be used for 
in vivo and ex vivo measurements. It can be used for diabetic patients, to 
determine glucose, oncology fields, blood vessels, skin, visual system. 

P.J. Caspers et al. [11] studied in vitro2 and in vivo3 Raman spectra of human 
skin. Using a Raman microspectrometer, in vitro spectra were obtained of thin 
cross sections of human skin and provided insight into the molecular 
composition of different skin layers. This results were obtained at different 
positions of the arm and hand of three volunteers. 

 
Figure 13 Atherosclerosis 

 T.J. Romer et al. [12] were 
using Raman spectra 
collected at the luminal 
surface of an artery to 
determines how the 
relative cholesterol content 
is related to its depth in an 
intact arterial wall. Raman 
spectra of human 
atherosclerotic plaques4 
were measured after thin 

tissue layers were successively placed on them and it showed that 300 μm of 
tissue attenuates cholesterol signals by 50%. With Raman spectroscopy 
techniques, the cholesterol content of a lesion can be determined by properly 
accounting for its depth into an arterial Wall.  

In the paper of Joannie Desroches et al. [13] a detailed characterization study 
is presented of a Raman spectroscopy system designed to maximize the 
volume of resected cancer tissue in glioma surgery based on in vivo molecular 
tissue characterization.  In vivo Raman spectra of normal brain, cancer and 
necrotic tissue were measured in 10 patients.  It showed that real-time inelastic 
scattering measurements can distinguish necrosis from vital tissue (including 
tumor and normal brain tissue) with an accuracy of 87%, a sensitivity of 84% 
and a specificity of 89% (Figure 6). 
 

 
2 In vitro is used to describe work that’s performed outside of a living organism. 
3 In vivo refers to when research or work is done with or within an entire, living organism. 
4 Atherosclerosis is a disease in which plaque builds up inside your arteries. Plaque is made up 
of fat, cholesterol, calcium, and other substances found in the blood 



145| 6.Uluslararası Öğrenci Sempozyumu Bildiri Kitabı -2- Fen ve Ziraat Bilimleri 
 

 
Figure 6. Spectra of normal brain, cancer and necrotic tissue, averaged 

over all measurements [13] 

Forensic Sciences 

Raman spectroscopy has numerous applications within forensic science, 
including the identification of illicit drugs, gunshot residue, accelerants in 
arson cases, inks used in counterfeiting, or explosives. 

Raman data can be obtained from almost any surface, allowing minute traces 
of explosives or a firearm’s discharge to be detected without attempting to lift 
samples from evidence. One of the greatest benefits it is gaining access to an 
extensive forensic database that makes identifying compounds easier, faster, 
and more accurate than ever. Figure 7 shows dollar bill with traces of 
explosives [14]. 

 Raman spectroscopy represents a rapid and 
nondestructive method of identifying organic 
chemical compounds, so can be used to 
identify narcotics and other illicit substances. 
One of the challenges in identifying illicit 
drugs is that they often represent a mixture of 
compounds, but Raman spectroscopy is 
capable of separating these components, 
therefore increasing accuracy of drug 
identification. Figure 8 shows a fingerprint 
with cocaine particles [14].                                                                           
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Rapid Raman imaging is the best available method to investigate questionable 
documents and identify fraud. Raman 
spectroscopy is  one of the fastest 
technique to characterize ink chemical 

structure. 

 

Art and Archeology 

Since the early 1980s, Raman 
spectroscopy has been used as 
a microanalytical technique 
for the identification of 
materials in art and 
archeology and is increasingly 
used today. Raman spectra 
can provide data on the 
structure of the material, so it 
is used to identify substances 
such as pigments, minerals, 
ceramics, glass and paints. 

The biennial International 
Congress on the Application 
of Raman Spectroscopy in Art 
and Archaeology (RAA) is for 

sure the most important event dedicated 
to this topic.  This scientific congress 
brings together researchers from diverse 

areas and represents dedicated work on the use of Raman spectroscopy 
technique in the fields of art history, history, archaeology, palaeontology, 
conservation and restoration, museology, etc. [15].  

In the paper of Vânia S.F. Muralha et al. [16] Persian manuscripts of the 16th 
and 17th centuries were established by Raman microscopy to include lazurite, 
red lead, vermilion, orpiment, a carbon-based black, lead white, malachite, 
haematite, indigo, carmine and pararealgar. The findings were compared with 
information available in treatises on Persian painting techniques. Light brown 
is defined as hematite with characteristic peaks at 613, 411, 292 and 226 𝑐𝑚/3 
(Figure 9).  

                                                                                                          

Figure 14 Dollar bill showing traces 
of explosives [14] 

Figure 15 A fingerprint with 
cocaine particles [14] 
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Figure 9. A scene from the manuscript Shah Namah (MSL / 1876/691) and 

the Raman spectra of hematite [16] 

Héctor Morillas et al. [17] used Raman microscopy with a combination of the 
others  techniques for researching at the Machu Picchu (Peru, South America) 
archaeolocical area. During time, some of the granitic rocks from the natural 
stonewalls of the Meditation area of the Archaeological Park were restored 
using lime mortar called Clarobesa .The mineralogical composition and the 
nature/concentration of the soluble salts present in the Clarobesa mortar was 
determined. 

 
Figure 10. a) Machu Picchu archaeological area; b) Raman spectra of: A-

gypsum, B-basanite and C-anhydride; c) Raman spectra of calcite and 
nitrammite [17] 
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Conclusion 

In this paper, we reviewed the fundamentals and applications of Raman 
spectroscopy. Raman spectroscopy has proven to be a valuable tool for 
application in various fields of knowledge. Developement of Raman 
spectroscopy during the last century was presented. 

Raman spectroscopy is a powerful tool in both quantitative and qualitative 
investigation and has great potential for quality measurements now and it will 
be more and more useful in the future. 
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Biyoçeşitlilik 

Mervan Bayraktar* 

  

Özet 

İnsanların hayatta kalması için çevrelerinde gerekli besin maddeleri ve hayati 
ihtiyaçlarını karşılayacak çeşitli unsurlar bulunmalıdır. Yaşam için elzem olan 
unsurlar abiyotik faktörler ile hayvan, bitki ve mikroorganizmalar tarafından 
sağlanmaktadır. Çevrede bulunan tüm bu canlılara biyoçeşitlilik denir. Bir 
ülkelerde biyoçeşitlilik yüksek ise, o ülkede ekonomik kazançta yüksek 
olduğu anlamına gelmektedir. Ayrıca biyoçeşitlilik ekosistemi dengede 
tutması, dünyayı daha yaşanabilir hale getirecektir. Biyoçeşitlilik, su 
ortamında veya karada yalnızca belirli bir zaman biriminde bulunan canlı 
türleri kapsamasına rağmen bu türlerin geldiği ekolojik ve genetik sistemlerini 
de içermektedir. Biyoçeşitlilik insanların bugünlerini ve geleceklerini inşa 
etmek için günlük yaşamlarında kullandıkları ham maddeleri sağlamaktadır. 

Anahtar Kelimeler: Biyoçeşitlilik, Genetik çeşitliliğin, Ekosistem Çeşitliliği, 
Tür Çeşitliliği 

 

Giriş 

1992'de Rio de Janeiro/Brezilya’da düzenlenen dünya zirvesinde ve 1993'te 
yürürlüğe giren biyolojik çeşitlilik sözleşmesi imzalanmıştır. Bu sözleşmede 
üç ana hedefi vardır; biyolojik çeşitliliğin korunması; biyolojik çeşitliliğin 
bileşenlerinin sürdürülebilir biçimde kullanımı ve genetik kaynaklardan elde 
edilen faydaların adil ve eşit biçimde paylaşılması. Sözleşmenin ana amacı 
ise; biyolojik çeşitliliğin korunması ve sürdürülebilir kullanımı için ulusal 
stratejiler geliştirmektir [1, 2]. Dünyada çok sayıda hayvan türünün 
azalmasının bir sonucu olarak biyoçeşitlilik korumanın önemi günümüzde 
tartışılan konulardan biridir. Londra'daki hayvan derneği "Animal Society" 
tarafından yayınlanan verilere göre, 1970’li yıllarından bu yana dünyada 
canlıların neredeyse üçte biri yok olduğu bildirilmiştir. Aynı zamanda, karada 
yaşayan türlerin % 25’i, denizde yaşayan türlerin %28’i ve tatlı suda yaşayan 
türlerin % 29’unun azaldığı görülmüştür. Ayrıca, insan kaynaklı her yıl 
dünyada yaşayan diğer türlerin yaklaşık % 1'i yok olduğu tespit edilmiştir [3]. 
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Biyolojik Çeşitlilik 

Çeşitlilik içinde bulunduğu sisteme direnç, güç, istikrar ve canlılık kazandırır. 
Biyoçeşitlilik, diğer adı ile biyolojik çeşitlilik, yeryüzündeki veya bir 
bölgedeki var olan tüm türlerin, genlerin ve ekosistemlerin oluşturduğu bir 
bütündür. Başka bir ifade ile belirli bir bölgede bulunan hayvan ve bitki ve 
mikroorganizmaların sayısını ve bu canlıların birbirleriyle olan etkileşimleri 
ifade eder [4]. Her bölgenin kendine has bir biyoçeşitliliği vardır. 
Biyoçeşitlilik genellikle sıcak ve nemli iklim bölgelerinde çok olmasına 
rağmen ancak kurak ve soğuk iklim bölgelerinde azalmaktadır. Biyoçeşitlilik 
ekosistem çeşitliliği, tür çeşitliliği, genetik çeşitliliği ve ekolojik olaylar 
çeşitliliği olmak üzere dört ana başlık altında toplanmaktadır. 

Ekosistem Çeşitliliği 

Belirli bir bölgede yaşamını sürdürebilen canlı türler (hayvan, bitki ve 
mikroorganizma) ve cansız varlıkların (toprak, su, hava ve mineraller) 
oluşturduğu çeşitliliğe ekosistem çeşitlilik adı verilir [5]. 

Tür Çeşitliliği 

Tür esas karakterleri bakımından birbirine çok benzerlik gösteren ve kendi 
aralarında çiftleşerek verimli döller meydana getiren fertlerin toplamına 
verilen isimdir. Tür çeşitliliği belirli bir bölgede bulunan canlı türlerin 
(hayvan, bitki ve mikroorganizma) sayısını ve yoğunluğunu ifade eder [6]. 

Genetik Çeşitlilik 

Genetik çeşitlilik bir tür içindeki bireylerin sahip olduğu genetik farklılığı 
ifade eder.  

Biyoçeşitliliğin Düzenleyici Faktörleri 

Abiyotik Faktörler 

A- Çevresel faktörler: sıcaklık, nem, ışık ve rüzgâr. 

B- Alan: alan ne kadar büyük olursa çevredeki biyoçeşitlilik o kadar büyük 
olur. 

C- Zaman 

D- Süksesyon 

E- Çevre kirliliği [7]. 

Biyotik Faktörler 

A- Nesli tükenme: doğal bir süreç olmasına rağmen biyoçeşitliliğin 
değişmesine yol açan en önemli nedenlerden biri olarak kabul edilmektedir. 
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Buna yol açan en önemli nedenlerden biri,  
- Avlanmak. 
- Hayvanları yeni ortamlara taşımak. 
- Çevre tahribatı  
- Yırtıcı hayvanları ve böcekleri öldürmek. 
- Hayvanların göç etmesini engellemek. 
- İnsan aktiviteleri. 

B- Predasyon 

C- Göç 

D- Rekabet [8] 

Biyoçeşitliliğin Önemi 

Çevresel Önemi: 
A. Bitkiler, kuşlar, böcekler ve mantarlar gibi canlı organizmalara ve 

mikroorganizmalara barınma ve yiyecek sağlar. 
B. Böcekler, kuşlar ve diğer hayvanlar, çiçeklerin tozlaşmasına 

yardımcı olur. 
C. Parazitler ve yırtıcılar, diğer canlı organizma topluluklarının 

büyüklüğü üzerinde doğal kontrol görevi görür. 
D. Solucanlar ve bakteriler gibi organizmalar organik maddeyi geri 

dönüştürür ve toprak verimliliğini korur. 
E. Bitkiler atmosferden karbondioksiti alır ve ona oksijen sağlar, bu da 

onu küresel iklim değişikliğini azaltmada önemli bir faktör haline 
getirir. 

F. Islak habitatlar su akışlarını tortulardan, mineral tuzlardan ve 
kirleticilerden arındırmak için çalışır. 

G. Temiz içme su sağlaması [9]. 

Ekonomik Önemi: 
A. Gıda kaynağı: insanlar birçok hayvan türünü doğadan alıp büyütür 

çiftliklerde yetiştirir. Yeryüzünde yenilebilir bitki sayısı 80.000 
kadardır ancak insanlar % 30'ını kullanmaktadır. 

B. Yakıtlar: Odun ve kömür, insanların enerji üretmek için kullandığı 
iki doğal kaynak örneğidir. 

C. Barınma ve giyim: inşaat malzemesi olarak kullanılan ahşap ve 
diğer orman ürünleri. Ayrıca giysi yapımında yün, pamuk gibi lifler 
kullanılmaktadır. 

D. İlaç Tedavisi: İnsanlar canlı organizmalardan doğal ve sentetik 
ilaçlar elde eder (mantarlardan penisilin, haşhaştan kodein ve 
kınakına kabuğundan kozmina) 

E. Diğer ürünler: canlı organizmalar tarafından tedarik edilen 
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hammaddeler örneğin kâğıt ve kalem [10] 

Biyoçeşitliliğin Korunması 

Dünya koruma birliğinin (World Conservation Union, IUCN) verilerine göre 
memeli türlerinin %25’inin, kuşların %11, sürüngenlerin %30’unun tehlike 
altında ya da kritik durumda oldukları bildirilmiştir. Bitkilerin ise %12’si 
yaklaşık 34.000 tür tehdit altındadır. Ancak yabani türler tehdit altında 
olmadıkları görünmüştür. Kültüre alınmış hayvan ve bitkilerdeki genetik 
çeşitlilik, çok sayıda tarım ürünleri çeşitliliği ve bazı kültür hayvanlarının da 
üçte biri kaybolma riski altındadır. Fosil kayıtlarına bakıldığında, insanların 
etkisi dışında, birçok hayvan ve bitki türü bir zamanlar çevremizde mevcut 
iken, milyonlarca yıl önce ortadan kalkmış ve yerlerini yeni hayvan ve bitki 
türleri almıştır. Çevrede bulunan canlıların soyları tükenirse, henüz 
faydalanmadığımız hayvan ve bitkilerin bize sağlayacağı faydaları ya da 
bilinmeyen ekonomik potansiyellerini kaybedebileceğimize işaret etmektedir. 
Buna bilim adamları son zamanlarda bir örnek tespit etmişlerdir. Batı 
Amerika ormanlarında yetişen pasifik porsuk (Taxus brevifolia) ağacı aynı 
zamanda çöp ağacı olarak ta bilinmektedir. Bu ağaçta, kanserli hastaların 
tedavisinde kullanılan etkili bir ilaç olan taksol kaynağı olduğu bulunmuştur 
[11]. biyoçeşitliliğin korunmasında iki yöntem kullanılmaktadır. Bunlar ‘Ex 
Situ’ ve ‘In Situ’ Koruma yöntemleri. Ex situ yönteminde canlı türler 
yaşadıkları doğal ortamları dışında korumaktır. In situ yöntemi ise canlı türler 
yaşadıkları doğal ortamlarında korunmaya alınacaktır [12]. 

Sonuç 

Biyoçeşitliliğin insanlara sunduğu faydalar gün gittikçe artmaktadır. 
Biyoçeşitlilik insanlara hayati ihtiyaçlarını karşılamada önemli bir rolü vardır. 
Doğada yabani türler olmadan günümüzde kültüre alınmış ve ticari olarak 
kullanılan hayvan ve bitki türleri bulunamazdı. Günümüzde de yeni tarım 
çeşitleri elde etmek veya mevcut olanları insanların ihtiyaçlarına göre ıslah 
etmek için yabani türlerden yararlanılmaktadır. Biyoçeşitlilik ülkeleri 
birbirine bağlayan dünyanın ortak zenginliğidir. Bugünün ihtiyaçlarını 
karşılayarak gelecek generasyonlara da bu çeşitliliği aktarabilmek amacıyla 
biyoçeşitliliğin korunması gereklidir. Çünkü gelecekte karşımıza ne çıkacağı 
şimdiden tahmin etmek olanaksızdır. 
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Et Verimine ve Kalitesine Etki Eden Major Genler  

Mervan Bayraktar, İbrahim Aytekin* 

 

Özet 

Dünya sağlık örgütü verilerine göre sağlıklı ve yetişkin kişilerin vücut 
ağırlıklarının her kilogramı için günde 1 gr protein tüketmesi ve bu tüketilen 
proteinin % 50'sinin hayvansal protein kökenli olması gerekmektedir. Son 
yıllarda Moleküler yöntemlerin gelişmesi klasik ıslah yöntemlerinin 
dezavantajlarını gidererek, çiftlik hayvanlarının ıslah çalışmalarına ve genetik 
ilerlemesine önemli katkılarda bulunmuştur. Moleküler yöntemler vasıtasıyla 
et verimine etki eden birçok aday gen tespit edilmiştir. Bu derlemede et 
verimine etki eden aday genlerden söz edilmiştir. 

Giriş 

Son yıllarda sığır, koyun, keçi, tavuk ve domuzlarda özellikle et verimi, süt 
verimi ve döl verimi olmak üzere birçok önemli ekonomik verim üzerinde 
etkisi olan birçok aday gen tespit edilmiştir. Sığırlarda et verimine ve 
büyümeye etkisi olan MSTN geni, koyunlarda et kalitesine etkisi olan CAST 
geni, tavuklarda büyüme özelliğine etkisi olan IGFI geni ve domuzlarda et 
verimine ve kalitesine etki eden Myf5 geni, çeşitli araştırmacılar tarafından 
bildirilmiştir. Ayrıca moleküler genetik alanında yaşanan gelişmelerden 
dolayı ve ekonomik öneme sahip olan özellikleri etkileyen genlerin 
haritalarının çıkartılması genetik markörler araçlığıyla yapılan genom tarama 
ve gen bağlılığı çalışmalar vasıtasıyla birçok kantitatif karakter lokusu (QTL, 
Quantitative Trait Loci) ortaya çıkartılmıştır. Bu derlemede, et verimine ve 
kalitesine etkili olan genlerden bahsedilmiştir. 

Sığırlarda Aday Gen Yaklaşımı 

Çiftlik hayvanlarda ekonomik öneme sahip olan özelliklerin (et verimi, süt 
verimi, döl verimi, yapağı verimi, hastalıklara direnç ve canlı ağırlık artışı) 
çoğu poligenik kalıtım gösteren hem genetik hem de çevre faktörlerinden 
etkilenen, kantitatif karakterler olarak isimlendirilir [1]. Kantitatif karakterler 
süreklilik gösteren çok sayıda gen çifti tarafından kontrol edilmektedir. 
Kantitatif karakterleri kodlayan genlerin, kromozom üzerinde bulunduğu 
bölgelere ise kantitatif karakter lokusları (QTL) adı verilmektedir [2]. 
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Kantitatif karakterlerin tespitinde, geniş genom taraması (genome-wide 
scanning) ve aday gen yaklaşımı olmak üzere iki farklı yöntem 
kullanılmaktadır. Aday genler, bir özellik ile ilişkili olduğu genlerdir [3]. 
Aday gen yaklaşımı, QTL’nin belirlenmesinde son derece önemli olup ve gen 
bölgelerinin tespitinde ekonomik bir yöntem olduğu kanıtlanmıştır [4]. 
Günümüzde et verimi, süt verimi ve döl verimi ile çok sayıda aday gen 
bilinmektedir (Tablo 1).  

Tablo 1. Sığırlarda çeşitli aday genler 
Gen Gen ismi İlişkili olduğu özellik 

 
AANAT 

 
Arylalkylamine N-acetyltransferase 

Et lezzeti, toplam yağ 
asidi, kasın kollajen 
içeriği ve omega-3 
PUFA 

CAPN1 Calpain - 1 Et yumuşaklığı 
 

CAST 
 

Calpastatin 
Et yumuşaklığı, et 
sululuğu, etin su tutma 
kapasitesi, renk ve yağ 
asidi 

CGGBP CGG triplet repeatbinding protein 1 Çeşitli karkas 
özellikleri 

CRH Corticotrophinreleasing hormone Büyüme ve karkas 
verimi 

CSN3 Kappa-casein Süt ve karkas 
özellikleri 

HSPB1 Heat shock 27 kDa protein 1 Et yumuşaklığı 
POMC Pro-opiomelancortin Büyüme ve karkas 

verimi 
TG Thyroglobuli Et mermerleşmeşi 

MSTN Myostatin Büyüme ve çift kaslılık 
CD18 Bovine leukocyte adhesion 

deficiency (BLAD) 
Bakteriyel enfeksiyonu 

LEP Leptin Et verimi ve süt verim 
Myf5 Myogenic factor 5 Büyüme, karkas 

özellikleri ve kas 
gelişmesi 

 
DGAT1 

 
Diacylglycerol acyltransferase 

Sütte yağ verimi, 
mermerleşme ve et 
sığırlarında fat 
thickness 

PRL Prolactin Süt proteinleri 
STAT5A Signal transducer and activator 

of transcription 5A 
Süt proteinleri 

LTF Lactotransferrin Süt proteinleri ve 
Bakteriyel enfeksiyonu 



157| 6.Uluslararası Öğrenci Sempozyumu Bildiri Kitabı -2- Fen ve Ziraat Bilimleri 
 
Et Verimine Etkili Olan Aday Genler 

Miyojenik Faktör 5 (Myf5) 

Memelilerde kas oluşumu, embriyonik çok adımlı bir süreç olup,  Miyojenik 
belirleme (MyoD) gen ailesi tarafından kontrol edilmektedir. MyoD gen ailesi 
yapısal olarak dört genden; MyoD1 (miyojenik farklılaşma 1), MyoG 
(miyojenin), Myf5 (Miyojenik faktör 5) ve Myf6 (Miyojenik Faktör 6) 
oluşmaktadır. Bu genler; kas hücrelerini belirlenmesinde rol oynayan basic 
helix-loop-helix (bHLH) proteinlerini kodlar. Myf5 ve Myf6’nın düz kasların 
büyümesinde ve fiziksel görünümünde rol oynadıkları bildirilmiştir. Myf5 ve 
MyoD1 miyoblastların çoğalması sırasında ifade edilirken, Miyojen (MyoG) 
geni ise etin farklılaşma sırasında ifade edilir ve Myf6 esas olarak doğum 
sonrası dönemde ifade edilmektedir. Embriyonun gelişme sırasında Myf5 
genin iskelet kas hücresinin gelişmesine etki ettiği bildirilmektedir [5].  

Myf5 geni kas liflerinin oluşumunda ve kas spesifik genlerin 
transkripsiyonunda önemli bir rol oynayan, kas düzenleyici faktörler (MRFs) 
ailesinin bir üyesi olup, etin içi yağ seviyesine etkiyi ettiği ifade edilmiştir. 
Myf5 geni, 0 ila 30 cM (Centimorgan) arasında, sığırların 5. kromozomunda  
(BTA5q13) lokalize olmuştur. Bu bölgede büyüme özellikleriyle ilişkili olan 
bir QTL bölgesi bildirilmiştir. Sığırlarda, Myf5 geni 3236 bç uzunluğa sahip, 
3 ekzon ve 2 introndan oluşmaktadır. Myf5 geninin sığırlarda doğum ağırlığı, 
günlük canlı ağırlık artışı, karkas ve et kalitesi ile yakından ilişkisi olduğu 
çeşitli araştırmacılar tarafından ifade edilmiştir. Bu sebeple Myf5 geni 
sığırlarda büyüme ve et kalite özellikleri için bir aday gen olarak kabul 
edilmektedir. Myf5 geni, embriyonik miyogenez sırasında, kas gelişiminde 
rol oynayan bir çekirdek transkripsiyon faktörü olarak kabul edilmektedir. 
Myoblastlar Myf5 düzenlemesi altında çoğalmaktadır. Nakavt fare deneyleri 
üzerinde yapılan bir çalışmada,  Myf5 ve MyoD1'in kas gelişimini 
etkiledikleri görülmüş olup, hem Myf5 hem de MyoD1'den yoksun olan 
fareler canlı olarak doğmuş, fakat doğumdan hemen sonra ölmüşlerdir [6]. 

Myostatin (MSTN) 

GDF-8 (Growth Differentiation Factor-8) olarak ta bilinen Myostatin (“myo” 
kas ve “statin” dur anlamında) kas gelişimini inhibe eden bir proteindir. 
Myostatin proteini, kas dokusunda ifade edilen myostatin geni (MSTN) 
tarafından kodlanmaktadır. Myostatin geni inaktif olduğunda iskelet kas 
kütlesinde % 20 civarında bir artış oluşmaktadır [7]. Myostatin, hem doğum 
öncesi hem de doğum sonrası miyoblastların çoğalmasını ve farklılaşmasını 
düzenleyen süreçte yer almaktadır [8]. TGF-B (Transforming Growth Factor-
B) embriyo gelişiminin düzenlenmesi ve doku homestazisinin sürdürülmesi 
ile ilgili olan birçok hücre dışı büyüme ve farklılaştırma faktöründen oluşan 
bu ailenin bir üyesidir. Myostatin genindeki (MSTN) mutasyonlar çeşitli 
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memeli türlerinde çift kaslılık fenotipi ile ilişkilendirilmiştir. Bunlar; fare, 
insan, köpek, domuz, koyun ve balık olarak örneklendirilebilir [6].  

MSTN geni sığırlarda (Bos taurus) 2. otozomal kromozomun (BTA2) 2q11-
q12 ucunda bulunur ve BTA2: 6531089-6539265 arası bölgeyi 
kapsamaktadır. MSTN geni 6.2 kbç büyüklükte ve 1128 bç uzunluğundaki 
bölgeyi kodlamakta olup, 3 ekzon ve 2 introndan oluşmaktadır. 1. ekzon 506 
bç bölgeyi ve 2. ekzon 374 bç bölgeyi içermektedir [9].  

Kalpastatin (CAST) 

Et yumuşaklığı, tüketici memnuniyeti için en önemli faktörlerden birisidir. 
Kesim sonrası etin yumuşaklığı bir kaç faktörden etkilenmektedir. Bunlardan 
bazıları; hayvanın ölüm öncesi metabolik durumu, genetik yapısı, kas 
proteinleri ve çevresel faktörlerdir. Kesim sonrası etin yumuşamasında birkaç 
önemli etkenden birisi de ölüm sonrası kas proteinlerindeki proteolizin 
seviyesidir. Kalpain sistemi, protein yıkımının düzenlenmesi, miyoblast göçü, 
normal iskelet kas gelişimi ve büyüme gibi çeşitli fizyolojik olaylara etki 
etmektedir. Kalpain sistemi üç molekülden oluşmaktadır. Bunlardan ikisi kas 
hücrelerinde tespit edilmiş hücre içi kalsiyuma bağımlı proteolitik enzimler 
olan µ-kalpain ve m-kalpain, üçüncüsü ise kalpain etkisini inhibe edici 
özellikte endojen bir protein olan kalpastatindir [10]. Kalpastatin (CAST), 
tüm memeli hücrelerinde bulunan ve kalsiyuma bağımlı bir proteinaz olan μ-
kalpain’in spesifik bir inhibitörüdür [11]. Kalpastatin ismi, Takashi Murachi 
tarafından 1979 yılında önerilmiş olup, m-kalpainin saflaştırma işlemi 
sırasında belirlenmiştir [3]. Kalpastatin Kas proteininin yıkımını 
engellemektedir. Kas büyümesi ve et yumuşaklığı ile ilişkili bir aday gendir. 
CAST geninin, Longissimus dorsi (göz kası alanı), mermerleşme derecesi, 
yağ derecesi, karkas ağırlığı, sırt yağ kalınlığı, su içeriği, pH, su tutma 
kapasitesi, et yumuşaklığı gibi karkas ve et kalitesi özellikleri ile ilişkili 
olduğu ortaya konmuştur. CAST genindeki çalışmaların çoğu Bos taurus 
(sığır) ve Bos indicus (zebu) sığırlarında gerçekleştirilmiştir [6]. 

Sığır CAST geni, 117.8 cM pozisyonunda 7. kromozom (BTA7) üzerinde 
bulunmakta olup, et yumuşaklığı bakımından güçlü bir aday gen olarak kabul 
edilmektedir. CAST Geni, tanımlanmış beş farklı alana sahip olan sığır iskelet 
kasında sekanslanmıştır [12]. Sekanslama yoluyla sığırlarda yapılan son 
çalışmalar, 130 kb’lık kalpastatin geninin genomik DNA’sı 35 ekzon 
içermektedir.  Birçok çalışmada CAST geninde SNP ile et yumuşaklığı 
arasında bir ilişki bulunmuştur. Bununla birlikte, CAST geni ile et 
yumuşaklığı arasında bir ilişkinin bulunmadığını bildiren çalışmalar da vardır 
[13]. 

Kalpastatin proteini, lider ve inhibitör alanlarından oluşmaktadır. Lider alanı 
XL ve L bölgelerini içermekte olup, L bölgesi NH2-terminal alanı olarak ta 
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adlandırılır. Bunun kalpainleri baskılama üzerinde hiçbir etkisinin olmadığı 
belirlenmiştir. XL bölgesi ilk olarak sığır kalp kası üzerine yapılan 
çalışmalarda belirlenmiştir. İnhibitör alanı ise, I, II, III ve IV olarak 
isimlendirilen dört alandan müteşekkil olup, kalpaini baskıladıkları 
belirlenmiştir. Bu dört alan oldukça homolog (23-36%) olup, üç (A, B ve C) 
alt bölgeden oluşmaktadır. Kalpastatinin molekül büyüklüğü 68 ile 78 kDA 
arasında değişmektedir. Protein büyüklüğündeki bu değişim, L alanının 
uzunluğuna bağlıdır. Bununla birlikte, kalpastatin SDS-PAGE' tabi 
tutulduğunda 107 kDA ile 172 kDA arasında görülmektedir [14].  

Sonuç 

Moleküler markörlerin son yıllarda kullanılmasıyla birlikte, hayvansal üretim 
alanında önemli değişikler saptanmıştır. Moleküler yöntemler, geleneksel 
ıslah yöntemlerinin eksikliklerini tamamlayıp ve yeni özelliklerin tespitinde 
kullanılan ve özelliklerin seleksiyonu için de olanaklar sunmaktadır. 
Moleküler yöntemler vasıtasıyla major etkili genleri tespit ederek ve çeşitli 
ıslah yöntemlerinde kullanılması, genetik ilerlemeyi hızlandırmaktadır. 
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Abstract 

Two experiments during both summer seasons (2011 and 2012) were 
conducted in wire house and plant physiology analysis lab. to study the effects 
of polyamine (as putrescine Put) spraying on morphological, chemical and 
reproductive characteristics of cotton (Gossypium barbadense L. cv. Giza 90) 
plants growing under salinity stress conditions in Plant Physiology Section, 
Faculty of Agriculture, Cairo University, Giza, Egypt. The salinity stress was 
applied in soil, wherein the plant growing media was prepared as following; 
clay: sand (1:1), and the salts that added to soil was consist of (2 NaCl: 2 
CaCl2: 1 MgSO4) in three doses (0, 3000, 6000 and 9000 ppm) in each pot 
before planting the seeds. The foliar application of polyamine on cotton plants 
was in 3 concentrations (0, 1 and 2 ppm) for 8 times that repeated every 15 
days, where that spraying started at the day 45 after planting (DAP). The 
morphological characters, yield components, and IAA and free GAs activities 
were reduced by increasing salinity level from 0 to 9000 ppm while ABA 
activity was increased. Using the two doses of polyamine as foliar application 
increased the activities of IAA and free GAs plant hormones while activity of 
an abscisic acid hormone was decreased. Moreover, the plant growth 
characters e.g., (plant height cm, number of leaves/plant, leaf area/plant cm2, 
number of fruiting branches/plant, number of flowers/plant, shoot dry weight 
g and root dry weight g) were increased under all levels of saline soils and 
control soil without salt while lint percentage was decreased. Generally, both 
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doses of Put 1 and 2 ppm applications positively affected cotton growth and 
yield under salt stress conditions but Put 2 ppm recorded the highest values of 
growth, chemical and yield characters. 

Keywords: Cotton, Saline Soil, Putrescine, Reproductive Characters, 
Morphological Characters, Plant Hormones Activities 

 

Introduction  

Cotton, an economic crop that is important to many national economies, is 
relatively salt-tolerant [1]. However, it will still be unable to meet the 
challenge of increasing salinization [2]. Cotton is the second major oil seed 
crop after soybeans which is used for the production of oil in all over the world 
[3]. Due to high agronomic values its leaves and stalks are ploughed into soil 
for enhancing soil fertility and structure. Cotton known as the ‘King of fibre’ 
and called as the ‘White Gold’ is a major world fibre crop [4]. 

Due to high protein concentration some cotton seed is used for bakery 
products and other food stuff in different countries of the world. For the 
cultivation of cotton wild range of soils can be used but mostly preferable soils 
are medium and heavy textured, deep, well drained, fertile, clay, alluvial 
chernozom and laterites soils with good water holding capacity. Acidic and 
dense sub soils are not good for cotton cultivated due to less root penetration 
within the soils which prohibit seed germination and ultimately yield of cotton 
crop. Optimum pH for cotton crop is ranging from 5.5 to 8 with 7 to 8. This 
is one of the most expansively grown species around the world in tropical and 
subtropical regions due to its wide range of pests, diseases and agronomic 
practices with 36 South latitude and 46 North latitude. The production of 
cotton crop was prohibited by soil salinity in all over the world due to 
irrigation of salt contaminated water [5]. Soil salinity mostly causes by two 
factors like primary and secondary. In primary factor salinity causes with 
accumulation of salt for over long time in soil and underground water by a 
natural biological process. Secondry factor that causes salinity due to change 
balance between applied water and plants used waters. Salts have been known 
to be a problem for so many years decade in those areas where less rainfall 
and salt move down through plant root [6]. Salinity affects all the major 
physiological and biochemical processes that regulate growth such as 
photosynthesis, protein synthesis, and lipid metabolism etc., salt induced 
reduction in growth is generally attributable to: i) salt-induced osmotic stress 
(water deficit), ii) specific ion effect, iii) nutritional imbalance, iv) hormonal 
imbalance, and salt-induced oxidative stress [7]. 
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Exogenous application of different osmoprotectant has not only been 
proposed as a convenient approach for unveiling their implication in salinity 
response, but it is also considered as an effective approach for enhancing salt 
tolerance of crops and eventually improving crop productivity under high 
salinity. Polyamines (PAs) such as putrescine (Put) are small polycationic 
aliphatic amines and are ubiquitous in the plant kingdom. They play important 
roles in plant growth, development, and stress responses. Several research 
reports have established a correlation between their accumulation and salt 
stress tolerance in different plant species. Creditable research in the recent 
past has proved their vital roles in stress responses and adaptation strategies 
employed by plants, including scavenging of free radicals, neutralization of 
acids, and stabilization of cell membranes. They are able to bind several 
charged molecules including DNA, proteins, membrane phospholipids, and 
pectic polysaccharides, and have been credited with roles in protein 
phosphorylation and post-transcriptional modifications. They also play 
important roles in plant growth regulation, as well as acting as signaling 
molecules. Owing to their diverse functions in plant growth, development, 
and stress responses, they have emerged as potent targets for metabolic 
engineering to confer salt stress tolerance on manipulated plants [8]. 
Application of exogenous PAs has been found to increase the level of 
endogenous PAs during stress. PA treatments have been associated with 
maintenance of membrane integrity, accumulation of compatible osmolytes, 
reduced ROS generation, lesser organelle levels of Na+ and Cl−, and less 
negative impacts on photosynthetic machinery, in comparison with nontreated 
plants [9]. 
The aim of this experiment was to study the effect of putrescine on plant 
growth, hormone activities and yield of Egyptian cotton (Gossypium 
barbadense L. cv. Giza 90) plants grown under soil salinity stress. 

Materials and Methods 

Two Pot experiments were carried out in the wire house and in the plant 
analysis Lab, of the Plant Physiology Section, Department of Agricultural 
Botany, Faculty of Agriculture, Cairo University, Giza, Egypt, in both 
summer seasons (2011 and 2012). Gossypium barbadense L. cv. Giza 90 plant 
seeds were obtained from Cotton Research Institute, Agricultural Research 
Center, Giza, Egypt. The planting date for both seasons was 29th March. This 
experiment was used plastic pots of 40 cm in diameter and 40 cm in depth that 
filled with 11 kg soil obtained from the Experimental Farm., Faculty of 
Agriculture, Cairo Univ., Giza. Mixture of soil was 1:1 (clay : sand). The 
experiment was divided, in the two successive seasons, into 4 main-groups of 
soil salinity levels (0 as control, 3000, 6000 and 9000 ppm) from salinity 
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mixture (2 NaCl: 2 CaCl2: 1 MgSO4) by weight. Each group was divided into 
three sub-group. The first sub-group was sprayed with tap water (C as 
control), the second sub-group was sprayed with 1 ppm Put and the third was 
sprayed with 2 ppm Put (Putrescine: tetramethyenediamine C4H12N2, F.W. 
88.15) was obtained from Techno Geen Company, Giza, Egypt. Foliar 
application of Putrescine on plants was sprayed eight times started at the day 
45 after planting (DAP) and repeated every 15 days. 70% from field capacity 
the plants were irrigated with tap water every 7-10 days after planting. 
Fertilizers were added according to the recommendations of the Ministry of 
Agriculture. 

The samples were collected from each treatment in 2011 and 2012 seasons at 
June representing the vegetative growth sample (70 DAP), in order to measure 
the morphological characters and chemical analysis. While, the flowering 
stage at July (100 DAP) of plant. The plant height, number of leaves/plant, 
leaf area/plant, number of fruiting branches/plant, lint percentage, number of 
flowers/plant, shoot dry weight and root dry weight were recorded. 

In addition, in the two successive seasons, the first pick of cotton yield was 
performed by hand, on October 29 (210 DAP), while the second pick was on 
November 18 (230 DAP), yield and its components and fibers quality were 
recorded. 

For endogenous plant hormones activity determination, methanol extracts 
were used from the fresh weight of the five grams from leaves (blade and 
petioles) of cotton plant at 100 DAP of the first season (2011). Extraction of 
plant hormones was carried out according to the method described by 
Sadeghian [10]. In acidic fraction were determined the Auxins, Gibberellin 
and Abscisic acid activity. Abscisic acid activity was detected by using the 
lettuce seed germination test as described by Webb and Wareing [11]. Free 
gibberellin activity was detected by using the lettuce hypocotyl assay which 
was first described by Frankland and Wareing [12] and further developed by 
Silk and Jones [13]. Auxins activity was detected by using wheat coleoptile 
straight growth assay according to Nitsch & Nitsch [14].  

The mean of two seasons analyzed statistically using by standard errors, 
statistics were calculated and reported as mean ± standard errors of the mean 
(SE). 

Results and Discussions 

Morphological Plant Growth 

In the present study, salt induced changes in the growth of Egyptian cotton 
plants were evaluated. Increasing soil salinity concentration, up to 9000 ppm, 
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gradually and significantly reduced the average plant height, number of 
leaves/plant, leaf area/plant, number of fruiting branches/plant, number of 
flowers/plant, shoot dry weight and root dry weight in comparison with 
control non-saline soil (Fig. 1 & 2). The decreased of plant growth characters 
was in 70 and 100 DAP of both 2011 & 2012 seasons. Similar results were 
reported by [15, 16, 17, 18, 19, 20, 21] on cotton, they founded that some of 
cotton plant growth characters decreased with increasing salinity. Moreover, 
salinity exposure can lead to various physiological and biochemical changes 
within plant cells causing numerous changes in their structure and function 
[22]. This reduction in growth may be due to osmotic injury or specific ion 
toxicity caused by the uptake of salt [23]. One possible reason for this decline 
might be related to salt osmotic effects, which affect cell turgor and expansion 
[24]. In this respect, Lewis et al. [25] reported that natural hormones might be 
affected due to the saline conditions leading to unbalanced growth of the plant, 
consequently, the decrease in number of branches/plant. In fact, salt-induced 
ABA is an important factor in salt-induced inhibition of leaf expansion in 
glycophytes [26]. Finally, reduction in biomass production under salinity 
stress may be due to its effect on photosynthesis as salt stress reduces 
carboxylation in chloroplast by impairing the generation of reduction pool, 
electron transport and ATP synthesis in the thylakoid [27]. 
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Figure 1. Effect of Putrescine Put (1 and 2 ppm), soil salinity and their interaction on 
plant height (cm), number leaves/plant and leaf area (100 cm2) of Gossypium 
barbadense L.cv. Giza 90, mean of the two successive seasons (2011 and 2012). 

Concerning the interaction effect between the foliar application of Put and soil 
salinity on plant height, number of leaves/plant, leaf area/plant, number of 
fruiting branches/plant, number of flowers/plant, shoot dry weight and root 
dry weight, the obtained data indicate that foliar spray of Put (1 and 2 ppm) 
increased that characters under all salinity levels when compared with control 
unsprayed plants. The highest increase in plant growth measurements was 
recorded by sprayed with Put 2 ppm then Put 1 ppm respectively in both stages 
of the two seasons when compared with control unsprayed plants. These 
results are in harmony with Prakash and Prathapasenan [28] on rice (Oryza 
sativa L. var. GR-3) and Hanafy Ahmed et al. [29] on Myrtus communis, 
Talaat and El-Din [30] on Nigella sativa L., Abd El-Wahed [31] on cotton cv. 
Giza 89, Hussein et al. [32] on pea (Pisum sativum L. cv. Master-B) and Talaat 
[33] on sweet basil when they used putrescine. 



167| 6.Uluslararası Öğrenci Sempozyumu Bildiri Kitabı -2- Fen ve Ziraat Bilimleri 
 

  

  

  

  



6.Uluslararası Öğrenci Sempozyumu Bildiri Kitabı -2- Fen ve Ziraat Bilimleri  |168 
 

Figure 2. Effect of Putrescine Put (1 and 2 ppm), soil salinity and their interaction on 
number of fruiting branches/plant, number of flowers/plant, shoot dry weight (g) and 
root dry weight (g) of Gossypium barbadense L.cv. Giza 90, mean of the two 
successive seasons (2011 and 2012). 

Similar findings were obtained by Hanafy Ahmed et al. [29] on Myrtus 
communis, Talaat [33] on sweet pepper, Hussein et al. [32] on pea (Pisum 
sativum L. cv. Master-B), they found that foliar application of putrescine 
increased shoot and dry fresh weights, leaves number/plant under salt 
stress. In this respect, Kuehn et al. [34], Datta et al. [35] and Gupta et al., [36] 
reported that polyamines could affect protein kinase and/or phosphatase 
activities to regulate ion channel functions. Indeed, polyamines regulate the 
activity of certain protein kinases and a Tyr phosphatase in both animal and 
plant cells. Classical approaches, using exogenous polyamine application 
and/or inhibitors of enzymes involved in polyamine biosynthesis, pointed to 
a possible role of these compounds in plant adaptation/defence to several 
environmental stresses [37, 38]. It has been reported that Put, Spd and Spm 
also regulate stomatal responses by reducing their aperture and inducing 
closure [39, 40]. In addition, Put modulates ABA biosynthesis in response to 
abiotic.  In other crops, Put also stimulated growth by increasing the amount 
of endogenous promoters (auxin, gibberellins and cytokinins) accompanied 
by a decrease in the content and activity of inhibitors (ABA) [41, 42]. Put 
improved the photosynthetic rate and stomatal conductance in salt-susceptible 
Karna khatta under saline conditions. The ability Put to ameliorate the 
negative effects of salt stress on photosynthesis may be due to the reduced 
uptake of Na+ and Cl- and improvement in the concentrations of K+ and Ca2+ 
in leaf tissues. Put induced stomatal closure in wheat which exhibited high 
water content [39]. The salinity caused reduction in biomass was reversed by 
Put up to an extent. Put induced growth in control seedlings prove its nature 
of plant growth regulator in general. However, Put alleviation of growth in 
stressed seedlings might be through activating antioxidative defense system. 
PAs general nature to reduce membrane leakage and lipid peroxidation has 
been mentioned; in addition to similar nature of Put effect on stabilization of 
membrane damage under stress could be also due to its polycationic nature as 
suggested by Tiburcio et al. [43]. 

Phytohormones 

The results presented in Table (1) indicate that soil salinity decreased the 
activities of free gibberellins (GAs) and Indole acetic acid (IAA) hormones 
compared with control grown under non-saline soil conditions. GAs & IAA 
activities gradually decreased with increasing salt concentrations from control 
to the highest level of soil salinity (9000 ppm) in this stage (100 DAP). While, 
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that soil salinity increased the abscisic acid (ABA) activity compared with 
control plants grown under non-saline soil condition. The high values of ABA 
activity were recorded under 9000 ppm soil salinity level. 
Table 1. Effect of Putrescine Put (1 and 2 ppm) spray, soil salinity treatments and 

their interaction on plant hormones activity (ng equivalent/100 g F.W) in leaves of 
Gossypium barbadense L.cv. Giza 90 at 100 days after planting of first season 
(2011). 

 

 

 
Spray C Put 1 Put 2 Mean A 

Salinity ppm 
  Free GAs   

C 15.56 36.92 32.27 28.25 
3000 22.83 27.37 36.02 28.74 
6000 28.30 31.35 25.11 28.25 
9000 23.55 40.79 31.94 32.09 

Mean B 22.56 34.36 31.34  
  IAA   

C 28.70 9.37 22.58 20.22 
3000 20.37 8.71 11.02 13.37 
6000 16.13 14.13 14.93 15.06 
9000 10.73 3.44 3.36 5.84 

Mean B 18.98 8.91 12.97  
  ABA   

C 0.44 0.37 0.25 0.35 
3000 0.74 0.39 0.57 0.57 
6000 0.58 0.31 0.49 0.46 
9000 0.69 0.34 0.36 0.46 

Mean B 0.61 0.35 0.42  
C: Control. Put 1: Put 1 ppm, Put 2: Put 2 ppm. 

The results that’s related to IAA activity in Fig. (3) revealed that, there are 
two peaks of activity were detected; the 1st peak of activity was detected near 
the region at the Rf 0.1-0.2-0.3 and the 2nd peak was detected at Rf 0.50-0.90. 
The decreasing of flowers in cotton plants that grown under salinity stress 
conditions may be engaged to reducing of IAA activity. Also, the reduction 
in plant growth and development under stress conditions could be an outcome 
of altered auxin accumulation and redistribution [44]. 



6.Uluslararası Öğrenci Sempozyumu Bildiri Kitabı -2- Fen ve Ziraat Bilimleri  |170 
 

For free GAs activity, the data in Fig. (4) indicated that two peaks of activity 
were noted; the 1st peak of activity was detected in the region of Rf 0.2-0.5 
and the 2nd peak was detected at Rf 0.7-1.0. On the other hand, the Fig. (5) 
show that there are an increase area in ABA activity at Rf 0.2-0.4 and 0.8-0.9. 
These increases of inhibitors activities were mainly induced due to increases 
in activity at Rf 0.6-0.8. These findings resulted from soil salinity treatments 
were in harmony with those obtained by [45, 46, 47, 48, 49, 50]. They showed 
an increased accumulation of ABA in plant leaves with increasing salt stress 
while decreased concentration of GAs and IAA in comparison to non-saline 
conditions.  

The decrease in plant height under salinity stress is probably due to the effect 
of NaCl on both processes of cell division and cell elongation. Osmotic stress 
caused by salinity reduces both of these cell processes. Under salinity stress, 
the production and transfer of cytokinin and gibberellins hormones, which 
play an important role in the proliferation of cells, decrease. If the abscisic 
acid increases, the stomatal pores tend to close and eventually photosynthesis 
will 

decrease, such changes result in lower plant growth and in turn plant height 
than control [51]. Melatonin also up- or down-regulates the expression of 
genes related to hormonal homeostasis, which encode for enzymes of the 
biosynthesis or degradation of plant hormones, such as Indole-3-acetic acid, 
Gibberellins (GA) and Abscisic acid [52, 53]. Also, salt stress lead to elevated 
levels of ABA and IAA in leaves of under salt stress compared with control. 
And phytohormones act as a primary signal leading to a cascade of events 
responsible for the plant adaptation to stress [54]. 

ABA, as one of the most important stress response hormones, plays an 
irreplaceable role in salt stress defense [55, 56]. 

ABA, as the main mediator of the plant stress response, helps plants survive 
salt stress through integrating with the second messenger Ca2+ via provoking 
plasma membrane-bound channels or releasing Ca2+ from intracellular Ca2+ 
storage banks [57]. Moreover, in response to salinity and osmotic stress, 
endogenous ABA levels increase rapidly, and enhanced ABA signaling 
activates sucrose nonfermenting 1-related protein kinases (SnRK2s) [58]. 
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Figure 3. Auxin activity as ng IAA equivalent/g fresh weight of leaves of cotton 
(Gossypium barbadense L. cv. Giza 90) plants growing under salinity stress detected 
by the lettuce hypocotyl assay at 100 DAP of 2011 season. 

Moreover, some studies report a significant reduction in IAA concentrations 
in crop plants such as rice and tomato [59]. In fact, about 75% reduction in 
IAA levels of tomato by salinity stress was observed [60]. On the other hand, 
plant growth hormone gibberellins (GAs) are generally involved in growth 
and development such as seed germination, leaf expansion, 
photomorphogenesis, stem elongation and flowering [61, 62]. It has been 
reported that bioactive GAs are rapidly reduced when plants are exposed to 
both biotic and abiotic stresses [63, 64]. Therefore, the growth inhibition by 
salt stress may be an active adaptation mechanism of plants by regulating GA 
levels to reach an optimal growth rate according to changing environmental 
conditions [65]. The concentrations of GA in plants under salt stress and 
drought stress change significantly, indicating that GA and ABA may be 
closely correlated in the abiotic stress response of plants [66]. In this respect, 
[67] reported that with increasing salinity level, the tryptophan synthase α-
monomers were gradually dissociated from the oligomers producing less 
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active isoenzyme. This reduced the biosynthesis of L-trypotophan and 
consequently IAA. Also, CK activity decreased with increasing salt stress in 
barley plants. They added that GA inhibitors accumulated, so plant growth 
was retarded or even stopped. 

    

    

    

Rf Rf Rf Rf 

Figure 4. Free gibberellin activity as ng GA3 equivalent/g fresh weight of leaves of 
cotton (Gossypium barbadense L. cv. Giza 90) plants growing under salinity stress 
detected by the wheat coleoptile assay at 100 DAP of 2011 season. 

Moreover, data in Table (1) as well as in Figs. (3, 4 and 5) revealed that, that 
saline or non-saline conditions, the foliar spray of Put (1 and 2 ppm) increased 
plant hormones activity IAA and GAs (ng equivalent/100 g F.W) in leaves of 
Gossypium barbadense L. cv. Giza 90 at 100 DAP in all treatments compared 
to untreated plant (control), especially by using the higher rate of this 
substance. Generally, the highest values of IAA and GAs activities were 
obtained at Put 2 ppm. At the opposite side for ABA activity which decreased 
when Put was sprayed. In this respect, Put modulates ABA biosynthesis in 
response to abiotic.  In other crops, Put also stimulated growth by increasing 
the amount of endogenous promoters (auxin, gibberellins and cytokinins) 
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accompanied by a decrease in the content and activity of inhibitors (ABA) 
[41, 42]. 

Moreover, Kaur-Sawhney and Galston [68] and Kaur-Sawhney et al. [69] 
reported that exogenous application of the Put retarded senescence of leaves 
in several dicotyledonous plants by preventing chlorophyll, protein and RNA 
breakdown in leaves and by increasing mitotic activity in protoplasts. 
Moreover, Farooq et al. [70] pointed out that putrescine induced increase in 
chlorophyll content, water status, photosynthesis, membrane properties on 
rice. It is inferred that the enhanced leaf area in present investigation might 
have helped in fulfilling the enhanced demand of developing sink, particularly 
under water-stress conditions. More feasible is a role for free polyamines in 
plant responses to abiotic stress through the modulation of ABA biosynthesis 
and regulation of ion channels [71, 72]. 
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Figure 5. Inhibitor activity as ng ABA equivalent/g fresh weight of leaves of cotton 
(Gossypium barbadense L. cv. Giza 90) plants growing under salinity stress detected 
by the lettuce seed germination assay at 100 DAP of 2011 season. 



6.Uluslararası Öğrenci Sempozyumu Bildiri Kitabı -2- Fen ve Ziraat Bilimleri  |174 
 

Generally, perception of the environmental clues is largely controlled by a 
few plant hormones: auxin, cytokinin, gibberellins, abscisic acid, ethylene, 
salicylic acid, brassinosteroids, and jasmonates. However, it is now 
recognized that the plant response to environmental conditions is complex and 
orchestrated by a network of the equally complex crosstalk among plant 
hormones [73]. In this respect, in response to salinity stress, plants display 
generally retarded growth responses. Stress hormones such as ABA, SA, JA, 
and ethylene and growth hormones including auxin, CKs, GA, and BR have 
been found to play an important role in mediating salinity stress signals and 
controlling the balance between growth and stress responses. Some hormones 
positively regulate plant salt tolerance whereas others play a negative role 
[74]. 

Yield and Its Components 

Data in Figure (6) cleared that soil salinity significantly decreased the number 
of total bolls, number of closed bolls and seed cotton yield (g) compared with 
control grown under non-saline soil conditions. The number of total bolls, 
number of closed bolls and seed cotton yield (g) decreased with increasing 
salt concentrations (from control to 9000 ppm). The highest values of previous 
characters were recorded by control, while the lowest was detected by 9000 
ppm soil salinity level. In contrast, lint percentage under salinity stress in 
comparison with control (non-saline soil). Similar findings were obtained by 
[75, 76]. Also, Jafri and Ahmed [77] reported that highly saline soil conditions 
can significantly reduce boll production rate and size of cotton plant 
(Gossypium hirsutum L.). Also, Zein et al. [78] who found that the effect of 
four salinity ranges (6 to 18 dS/m) was significant on seed cotton yield, boll 
weight, seed index and lint percentage. Moreover, Streb and Feierabend [79] 
suggested that NaCl-induced oxidative damage in light was predominantly 
mediated by the inhibition of protein synthesis. In this respect, Moreover, 
Dong [80] mentioned that soil salinity is a major threat to cotton production 
worldwide. Excessive salt in the soil leads to a series of physiological and 
biochemical metabolic disorders in cotton plants mainly as a result of osmotic 
effects (dehydration). Moreover, Mori et al. [81] on snapbean plant reported 
that salt stress reduced total yield of snap bean both because the reduced plant 
growth and because the percentage of plants survival decreased with saline 
stress. Particularly, the saline stress reduced the number of pods (total and 
marketable) per square meter, but not their average weight. In context, Munk 
and Roberts [82] reported that the number of fruiting nodes was reduced with 
increasing salinity levels on cotton plants. Moreover, the number of bolls per 
cotton plant was negatively affected by NaCl levels [83] and that holds on 
fruiting branches. 
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Figure 6. Effect of Putrescine Put (1 and 2 ppm), soil salinity and their interaction on 
number of total bolls/plant, number closed bolls/plants, seed cotton yield (g) and lint 
percentage (%) of Gossypium barbadense L.cv. Giza 90, mean of the two successive 
seasons (2011 and 2012). 

The data in Fig. (6) indicated that under non-saline soil condition, Put 2 ppm 
gave the highest values of number of total bolls/plant, number closed 
bolls/plants, seed cotton yield (g) compare to control-untreated. Under saline 
soil conditions, the data indicated that foliar application of Put (1 and 2 ppm) 
resulted an increase on number of total bolls/plant, number closed 
bolls/plants, seed cotton yield (g) when combined with all levels of salinity 
while lint percentage was decreased. These results in agreement with that 
found by Gupta and Gupta [84] showed a promoting effect of putrescine foliar 
application on growth and yield components of wheat plants under non-
stressed as well as water stressed conditions. In soybean, foliar spray of 10-3 
M polyamines at 50% increased number of pod/plant, 100- seed weight, seed 
and oil yield [85]. Furthermore, Galston [86] mentioned that conjugated PAs 
are known to be associated with the physiology of flowering, metabolite 
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synthesis and response of it the favorable effects of Put on plant growth and 
yield might be at the plant to viral infections. Consequently, it can be assumed 
that tribute to increases in the concentration of conjugated Put. Kloareg et al. 
[87] indicated that PAs are indispensable to plants at the time of flowering 
and early fruit development. Ornithine decarboxylase is reported to be the 
main enzyme controlling PA concentrations and may be required for flower 
development [88, 89]. Moreover, Alburquerque et al. [90] working on apricot 
mentioned that the exogenous application of Put on flowers increased the 
percentage of functional ovules about 16 %. Also, Polyamines and their 
conjugates have been found in apical shoots and meristems prior to flowering 
and in flower parts of many plants [91]. Consequently, it can be assumed that 
the favorable effects of Put on plant growth and yield might be attributed to 
increases in the concentration of conjugated Put. 

Conclusion 

From the aforementioned results, it could be concluded that the presence of 
salts in the soil reduced the overall production of the cotton plant. 
Furthermore, growth of cotton plants, yield and its components can be 
improved by using putrescine under saline or non-saline soil conditions. In 
this respect, it can suggested that spraying putrescine 2 ppm was significantly 
increased the growth characters, fibre quantity and/or quality of cotton plants 
under the absence or presence of different soil salinity levels. In this 
connection, it can be concluded that, the improve of plant growth and yield of 
cotton plants by using putrescine might be due to accumulation of different 
organic and inorganic components were recovered by the plants sprayed with 
Put if compared with control non-sprayed plants under all soil salinity levels. 
It might related to effect of endogenous plant hormone activities in all 
previous characters and interaction with putrescine roles in cotton plants.  
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Abstract    

Lung toxicity is one of the main side effects of MTX and ACT, which used in 
the treatment of some diseases. ALA has antioxidant and anti-inflammatory 
activities, is naturally found in both animals and plants. In this study, it was 
aimed to investigate the effect of ALA on SOD activity in lung tissue in the 
elimination of cellular level damage caused by free radicals caused by ACT 
and MTX. In the study, 50 Wistar albino male adult rats were used. 
Experimental groups were performed as the Control group (C), ALA group, 
ACT + MTX group, and ACT + MTX + ALA group. ACT (20mg / kg / day), 
MTX (20mg / kg / week), ALA (50mg / kg / day) were dissolved in 0.9% 
NaCl and injected to rats intraperitoneally. The activity of SOD was 
determined by the Mc Cord and Fridovich (1968) method. When the activity 
of the SOD enzyme of other groups was compared to the control group, it was 
observed that the SOD activity was lower in MTX + ACT group. It also 
observed that after adding ALA to the ACT + MTX group, the activity of the 
SOD enzyme was decreased especially on the 5th and 7th day (p <0.05). As a 
result, the FRs produced by ACT +MTX are scavenged by the SOD enzyme 
in rat lung tissue. When we evaluate our results, it can be said that ALA has a 
protective effect against oxidative damage caused by ACT and MTX in lung 
tissue. 
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Introduction 

Acitretin (ACT) is a synthetic mono-aromatic retinoid that can inhibit and 
control cell differentiation and proliferation, inflammation, and keratinization 
processes [1]. ACT is administered orally as a daily dosage (10-75mg / day) 
[2]. ACT is metabolized in the liver and eliminated by the kidneys (16% - 
53%) or bile duct (34% - 54%) [3][4]. ACT is used in the treatment of many 
diseases especially skin diseases because it is an immunomodulating and anti-
inflammatory drug. ACT  plays also an important role in the treatment of 
dermatoses including psoriasis, hyperkeratotic and inflammatory skin 
diseases, and non-melanoma skin cancers [5][6]. Previous studies have shown 
that most of the patients treated with ACT showed many side effects such as 
dry mouth, nasal and mucous membranes, hypertriglyceridemia, hepatoxicity, 
transaminitis, and pancreatitis [5][7][8]. 

Methotrexate (MTX) is an anti-metabolite used in the treatment of cancer in 
the 1950s and has an important place in dermatology and rheumatology today  
[9]. MTX is a drug that its chemical structure is similar to that of folic acid  
[10]. Generally, MTX is administered orally as a weekly dosage. MTX is 
metabolized in the liver by aldehyde oxidase enzyme and is eliminated by the 
kidneys [11]. In some studies, it has been shown that MTX causes many side 
effects in most of the patients treated with its in some organs especially on 
liver, kidney, and lung [12][13][14]. In recent years, it estimated that 1-8% of 
patients treated with MTX develop acute lung toxicity [15]. Interstitial 
pneumonia and pneumonia disease are the most important side effects of 
MTX on lung  [16][15]. 

ACT and MTX are drugs used in the treatment of patients who have severe 
psoriasis. Usually, these drugs are used as monotherapy or in combination 
with a phototherapy system (UV). In recent years, ACT and MTX have started 
to be used together and it is observed as a result that psoriatic lesions have 
been quickly healed [17][18]. These drugs have positive effects on psoriatic 
lesions but they cause side effects on some organs. The most common of these 
are hepatoxicity, nephrotoxicity, and pulmonary toxicity. when these drugs 
are used separately, they cause side effects, and when used together It is 
thought that they increase the risk of negative effects on organs and cause 
oxidative damage in the cell [19][20]. Free radicals (FRs) are molecules 
formed during the normal cellular metabolism of the body [21]. The presence 
of unpaired electrons in the atomic orbital causes these molecules to react very 
quickly with other molecules by donating or taking electrons to become stable 
and stable [22][23]. When the rate of high reactivity  FRs such as superoxide 
radicals and hydroxyl radicals are high, cellular biomolecular such as protein, 
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lipid, carbohydrate, DNA / RNA are oxidizing by these FRs and this oxidation 
causes cell damage [24]. Antioxidants are substances that can stabilize and 
neutralize FRs [25]. Endogenous antioxidants such as superoxide dismutase 
(SOD) and glutathione peroxidase (GPx)  which produced in the cell play a 
very important role in the antioxidant defense system [26][27] .  

SOD (EC 1.15.1.11.) discovered in 1969 while McCord and Fridovich were 
working on  FRs [28]. SOD  is the first enzyme that defense against FRs in 
the Antioxidant defense system [29]. SOD catalyzes superoxide anion (O2•−), 
the first reactive product of oxygen, to molecular oxygen and less reactive 
FRs such as hydrogen peroxide (H2O2) [30]:  

O2
− + O2

− + 2H+ → H2O2 + O2   

Under stress conditions SOD develops an additional synthesis adaptive 
mechanisms to reduce ROT formation, to prevent oxidative stress, and to 
maintain adaptive homeostasis [31]. In recent studies, the therapeutic potential 
and physiological importance of SOD has been demonstrated [32]. However, 
when the rate of FRs is high, endogenous antioxidants may not be sufficient 
and antioxidants from exogenous and nutrients such as vitamin C, vitamin E, 
and Alpha lipoic acid (ALA)  may be needed. Exogenous antioxidants 
strengthen the antioxidant defense system by supporting the production and 
activating oxidized endogenous antioxidants [33].  

ALA is a natural antioxidant synthesized in both animals and plants [34]. In 
addition, ALA is an antioxidant that acts both as a regulator and a cofactor of 
bioenergetic enzymes in energy metabolism in mitochondria [35]. The aim of 
this study is to investigate the effect of ALA on superoxide dismutase activity 
in lung tissue in the elimination of damage caused by ACT and MTX by free 
radicals at the cellular level. 

Methodology 

In our study,  50 Winstar albino type male rats weighing between 200–250 g 
were used. The rats have fasted for the last 24 hours before injection. 
Experimental rats were fed with standard Rat feed produced in Samsun Feed 
Factory and water was given freely. The groups of experimental animals 
consisted of 4 groups as the control group (C group), group given ALA (ALA 
group), ACT and MTX given group (ACT+MTX Group) and ACT, MTX, 
and ALA given group (ACT+MTX+ALA Group). ACT (20 mg / kg / day), 
MTX (20 mg / kg / week)  and ALA (50 mg / kg / day)  are dissolved in 0.9% 
NaCl and, their combinations were also injected into the rats  by 
intraperitoneal (i.p). For general anesthesia ats were given 50 mg/kg ketamine 
HCl and 10 mg/kg Xylazine (Rompul). Rats were sacrificed by the cervical 
dislocation method on the 3rd, 5th, and 7th days. Heart perfusion was 
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performed with 0.9% NaCl and their lungs were removed. Tissues were stored 
in -800C Freezer.  

To analyze the activity of SOD, lung tissues were removed from the 
freezer and homogenized with ultrasonication. After homogenization and 
sonication, centrifugation processes were performed according to the 
procedures. The supernatants obtained after centrifugation were used for the 
analysis. SOD activity was analyzed in lung tissues. SOD activity was 
determined using the method proposed by Mc Cord and Fridovich (1968). All 
data were evaluated using SPSS 22.0 statistical software. The difference 
between groups was checked with the Kruskal Wallis test. 

Results 
Tablo1. Values (U /L) of Superoxide Dismutase (SOD) enzyme in experimental 
groups 

SOD 3rd day 5th day 7th day 
Control 1.7 1.7 1.7 
ALA 1.1 1.2 1.53 
MTX+ACT 0.9 0.4 0.7 
ACT+MTX+ALA 0.8 1.2 1.3 

When the control group was compared with the ALA group, it was 
observed a gradual decrease in the inhibition of SOD enzyme activity. 
Comparing the control group to the group that received  ALA, SOD activity 
showed maximum inhibition of 35.29% on the 3rd day.  on the 5th day, this 
inhibition decreased to 29.41% and reached its minimum level (10%)  on the 
7th day (p = 0.010 <0.05) (Fig 1). 

 
Figure 1. Change of SOD activity depending on the time in rats given ALA 
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When the C group was compared to ACT+MTX group, inhibition was 
observed on the 3rd, 5th, and 7th days following the injection of ACT+MTX. 
Comparing to the control group SOD activity started with 47.05% inhibition 
on the 3rd day in the group given with ACT+MTX. This inhibition was 
observed at the level of 58.82% on the 7th day after reaching the maximum 
level on the 5th day (~76.47%) which was statistically significant (p = 0.010 
<0.05) (Fig2). 

 
Figure 2. Change of SOD activity depending on the time in rats given 

MTX+ACT 

When SOD activity values on the 3rd, 5th, and 7th days of ACT+MTX+ALA 
group were compared with its C group, a gradual decreasing inhibition was 
observed. Comparing the group given with ACT+MTX+ALA to the control 
group, the activity of SOD showed maximum inhibition ( ~52.94%) on the 
3rd day. This inhibition decreased on the 5th day and reached 29.41%. This 
inhibition was observed at the level of  23.52% on the 7th day (p = 0.028 
<0.05) (Fig3) 
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Figure 3. Change of SOD activity depending on the time in rats given 

ACT+MTX+ALA 

Discussion 

In this study, it was aimed to investigate the protective effects of Alpha Lipoic 
Acid against the side effects of Acitretin and Methotrexate, which are used in 
the treatment of some diseases and can cause damage to lung cells after 
treatment. In our study, when the activity values of the SOD enzyme were 
compared to the control group, it was observed that the SOD activity was 
lower in the group given MTX+ACT (p=0.016<0.05). 

MTX is a drug used in the treatment of many diseases. In recent years, it 
estimated that 1-8% of the patients treated with MTX develop acute lung 
toxicity [15]. The results of Roenigk et al. (1999)  and Lateef et al. (2005)’s 
studies on the oxidative damage effects caused by ACT and MTX support our 
results. In addition, the protective effect of ALA has been shown in many 
tissues [37] [38]. But, on lung tissue, few studies have been found [39]. Some 
studies have been shown the protective effect of ALA by using other products 
to induce lung damage such as cigarette smoke [40] Oleic acid  [41] and 
lipopolysaccharide [42]. 

Arpag et al. (2018) investigated the protective effects of ALA on MTX-
induced oxidative lung injury. In order to evaluate the effects of MTX and 
ALA in lung cells, TNF-α, IL-1β, GPx MDA, MPO, and Na+-K+ ATPase 
values were examined. In the study, it was observed significantly increased 
MDA levels, increased lipid peroxidation, and decreased GPx levels in the  
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MTX group. In addition, MPO, the determinant of polymorphonuclear 
leukocyte infiltration, is higher than the control group of MTX. In contrast, 
rats treated with ALA were observed a reduction of  MPO activity. In addition, 
the MTX-group IL-1β and TNF-α levels were shown to be higher in the ALA 
treated group. It has shown that after treatment with ALA the damage caused 
by MTX was decreased. As a result, MTX-induced lung injury has shown that 
it has improved significantly after treatment with ALA. 

In this study, it was observed that the ACT+MTX combination causes the 
production of free radicals in Lung tissues and this combination increased the 
activity of SOD. In contrast, this activity was decreased after the treatment of 
ALA in MTX+ACT group.  It has been found a study about the effect of 
MTX+ACT combination on the lung. However, Arpag et al, 2018’s study has 
shown the protective effect of ALA against MTX damage in the lung. As a 
result, in this study, it was seen that ALA has a protective effect against the 
damage caused by MTX+ACT on rat lung tissue. 

Conclusion   

In this study, it was observed that the use of the combination of ACT and 
MTX increased SOD activity in rat lung tissue. In contrast, the addition of 
ALA to this combination decreased the activity of SOD. According to 
previous study results and when our results are evaluated, it can be said that 
the production of FRs on lung tissues caused by MTX+ACT combination was 
decreased by the treatment of  ALA. As a result, the ALA has a protective 
effect against MTX+ACT induced free radicals. 

 

References 

[1] A.D. Ormerod, E. Campalani  and M.J.D. Goodfield, “British Association 
of Dermatologists guidelines on the efficacy and use of acitretin in 
dermatology”, British Journal of Dermatology, 162(5), 952–963, 
2010. Available: https://pubmed.ncbi.nlm.nih.gov/20423353/. [Accessed 
Dec. 15, 2019] 

[2] S. Dogra and S. Yadav, “Acitretin in psoriasis: an evolving scenario”, 
International journal of dermatology, 53(5), 525-538, 2014. Available : 
https://pubmed.ncbi.nlm.nih.gov/24601982/. [Accessed Apr. 16, 2020] 

[3] U.-W. Wiegand and B.K. Jensen, “Pharmacokinetics of Acitretin in 
Humans”,  Retinoids: 10 years on (pp. 192-203), Karger Publishers, 1992, 
Available: https://www.karger.com/Article/Abstract/420339. [Accessed 
Apr. 16, 2020]  

[4] G. Carretero, M. Ribera, I. Belinchón, J.M. Carrascosa,  L. Puig, C. 
Ferrandiz, ...and A. Gonzalez-Quesada, “Guidelines for the use of acitretin 



191| 6.Uluslararası Öğrenci Sempozyumu Bildiri Kitabı -2- Fen ve Ziraat Bilimleri 
 

in psoriasis“, Actas Dermo-Sifiliográficas (English Edition), 104(7), 598-
616, 2013. Available:  https://www.actasdermo.org/en-guidelines-for-use-
acitretin-in-articulo-S1578219013001479. [Accessed Apr. 16, 2020] 

[5] T. Pilkington and R.N. Brogden, “Acitretin: Pharmacology and 
Therapeutic use review“, Drugs, 43(4), 597–627. 1992. Available: 
https://pubmed.ncbi.nlm.nih.gov/1377120/. [Accessed Oct. 09, 2019]   

[6] L.K. Dunn, L.R. Gaar,  B.A. Yentzer, J.L. O'Neill and S.R. Feldman, 
"Acitretin in dermatology: a review", Journal of drugs in dermatology: 
JDD, 10(7), 772-782, 2011.  https://pubmed.ncbi.nlm.nih.gov/21720660/.  
[Accessed Apr. 09, 2020]   

[7] H.H. Roenigk,  R. Auerbach, H. Maibach, G. Weinstein and M. 
Lebwohl,  “Methotrexate in psoriasis: Consensus conference", Journal of 
the American Academy of Dermatology, 38(3), 478–485. 1998. Available: 
https://pubmed.ncbi.nlm.nih.gov/9520032/.  [Accessed Dec. 30, 2019]   

[8] S. Önder, "Ratlarda Bir Vitamin A Türevi Retinoid Olan Asitretin 
Epifiziyal Büyüme Plağına Rtkileri Biyokiyasal Ve Histopatolojik Olarak 
Değerlendirilmesi", Master thesis, 100. Universitesity. Faculty of 
Medicine, Department of Dermatology, 74. Van, Turkey, 2014. Available: 
https://tez.yok.gov.tr/UlusalTezMerkezi/tezSorguSonucYeni.jsp. 
[Accessed Dec. 26, 2019]   

[9] L. Lagarce, M. Zenut and P. Lainé-Cessac, "Pharmacologie du 
méthotrexate", Journal of Obstetrics Gynecology and Reproductive 
Biology, 44(3), 203–211, 2015. Available: 
https://www.semanticscholar.org/paper/Methotrexate%3A-the-
pharmacology-behind-medical-for-
Stika/89805f6937c54d9d1e08db507e9f1b7083e046d5. [Accessed Dec. 
12, 2019]   

[10] P. Seideman, O. Beck, S. Eksborg and M. Wennberg, "The 
pharmacokinetics of methotrexate and its 7-hydroxy metabolite in patients 
with rheumatoid arthritis",  British Journal of Clinical Pharmacology, 
35(4), 409–412, 1993. Available: 
https://europepmc.org/article/med/8485020. [Accessed Apr. 13, 2020] 

[11] P. Koźmiński,  P.K. Halik, R. Chesori and E. Gniazdowska, 
"Overview of Dual-Acting Drug Methotrexate in Different Neurological 
Diseases, Autoimmune Pathologies and Cancers",  International Journal 
of Molecular Sciences, 21(10), 3483, 2020. Available: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7279024/. [Accessed 
June 13, 2020] 

[12] E. Gaies, N. Jebabli, S. Trabelsi, I. Salouage, R. Charfi, M. Lakhal 
and A. Klouz, "Methotrexate side effects: review article", J Drug Metab 
Toxicol, 3(4), 1-5, 2012. https://www.longdom.org/open-



6.Uluslararası Öğrenci Sempozyumu Bildiri Kitabı -2- Fen ve Ziraat Bilimleri  |192 
 

access/methotrexate-side-effects-review-article-2157-7609.1000125.pdf. 
[Accessed Apr. 13, 2020] 

[13] Y. Yuksel, R. Yuksel, M. Yagmurca, H. Haltas, H. Erdamar, M. 
Toktas and O. Ozcan,  "Effects of quercetin on methotrexate-induced 
nephrotoxicity in rats",  Human & experimental toxicology, 36(1), 51-61, 
2017. Available: https://pubmed.ncbi.nlm.nih.gov/27005763/.  [Accessed 
Apr. 14, 2020]  

[14] A.G. Uygur, E. Şingirik and A.H. Yücel, "Metotreksat Kaynaklı 
Hasarlarda Alfa Lipoik Asit’in Koruyucu Etkisi",  Arşiv Kaynak Tarama 
Dergisi, 28(3), 227-236, 2019. Available: 
https://dergipark.org.tr/tr/pub/aktd/issue/48226/433748. [Accessed Nov. 
15, 2020] 

[15] B.Chikura, N. Sathi, S. Lane and J.K. Dawson, "Variation of 
immunological response in methotrexate-induced pneumonitis", 
Rheumatology, 47(11), 1647-1650, 2008. Available: 
https://pubmed.ncbi.nlm.nih.gov/18812430/. [Accessed Apr. 15, 2020] 

[16] S. A. Bartram, "Experience With Methotrexate-Associated 
Pneumonitis In Northeastern England: Comment On The Article by 
Kremer et al".,  Arthritis Rheum. 41: 1327-1328, 1998. Available: 
https://europepmc.org/article/med/9663497. [Accessed Apr. 14, 2020] 

[17] M. Özdemir and E.  Koç,  Psoriasis guncel yaklaşımlar, 9th ed. Nobel 
Tıp kitabevleri, 2012. [E-book] Available : Nobel e-book 

[18] G. Sarac, T.T. Koca and T. Baglan, "A brief summary of clinical types 
of psoriasis", Northern Clinics of Istanbul, 3(1), 79, 2016. Available:  
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5175084/. [Accessed 
Apr. 16, 2020] 

[19] J. An, D. Zhang, J. Wu, J. Li, X. Teng, X. Gao, Y. Xia, "The acitretin 
and methotrexate combination therapy for psoriasis vulgaris achieves 
higher effectiveness and less liver fibrosis", Pharmacological Research, 
121, 158–168. 2017. Available: 
https://pubmed.ncbi.nlm.nih.gov/28414177/ . [Accessed Nov. 09, 2019] 

[20] A. G. Uygur, E. Şingirik and A. H. Yücel, "Metotreksat Kaynaklı 
Hasarlarda Alfa Lipoik Asit’in Koruyucu Etkisi", Arşiv Kaynak Tarama 
Dergisi, 28(3), 227-236, 2019. Available: 
https://dergipark.org.tr/tr/pub/aktd/issue/48226/433748.  [Accessed Dec. 
16, 2019] 

[21] S. Di Meo, T. T. Reed, P. Venditti and V. M. Victor, "Role of ROS 
and RNS Sources in Physiological and Pathological Conditions", 
Oxidative Medicine and Cellular Longevity, 1–44, 2016. Available: 
https://pubmed.ncbi.nlm.nih.gov/27478531/.  [Accessed Apr. 16, 2019] 

[22] V. Lobo, A. Patil, A. Phatak and N. Chandra, "Free radicals, 
antioxidants and functional foods: Impact on human health", 



193| 6.Uluslararası Öğrenci Sempozyumu Bildiri Kitabı -2- Fen ve Ziraat Bilimleri 
 

Pharmacognosy Reviews, 4(8), 118,  2010. Available: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3249911/. [Accessed 
Apr. 16, 2019] 

[23] A. Phaniendra, D.B. Jestadi and L. Periyasamy, "Free radicals: 
properties, sources, targets, and their implication in various 
diseases", Indian journal of clinical biochemistry, 30(1), 11-26, 2015. 
Available: https://pubmed.ncbi.nlm.nih.gov/25646037/. [Accessed Apr. 
12, 2019] 

[24] B. Halliwell, "Free radicals and antioxidants: a personal 
view", Nutrition reviews, 52(8), 253-265, 1994. Available: 
https://pubmed.ncbi.nlm.nih.gov/7970288/ . [Accessed Apr. 18, 2020] 

[25] P. S. Rao, S. Kalva, A. Yerramilli and S. Mamidi, Free radicals and 
tissue damage: Role of antioxidants, Free radicals and antioxidants, 1(4), 
2-7, 2011.  
Available:https://www.sciencedirect.com/science/article/abs/pii/S223125
3611140023. [Accessed Apr. 12, 2019]. 

[26] S. Sen and R. Chakraborty, The role of antioxidants in human health, 
In Oxidative stress: diagnostics, prevention, and therapy (pp. 1-37), 
American Chemical Society, 2011. Available : 
https://pubs.acs.org/doi/abs/10.1021/bk-2011-1083.ch001. [Accessed 
Apr. 18, 2020]  

[27] O.Özcan, H. Erdal, G. Çakırca and Z. Yönden, "Oksidatif stres ve 
hücre içi lipit, protein ve DNA yapıları üzerine etkileri", Journal of 
Clinical and Experimental Investigations, 6(3), 331-336, 2015. Available: 
https://www.jceionline.org/download/oxidative-stress-and-its-impacts-
on-intracellular-lipids-proteins-and-dna-3715.pdf. [Accessed Apr. 18, 
2020] 

[28] J. S. Jeeva, J. Sunitha, R. Ananthalakshmi, S. Rajkumari, M. Ramesh 
and R. Krishnan, "Enzymatic antioxidants and its role in oral 
diseases", Journal of pharmacy &bioallied sciences, 7(Suppl 2), S331-
333, 2015. Available: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4606614/. [Accessed 
Dec. 04, 2020] 

[29] H. KARABULUT and M.Ş. GÜLAY, "Antioksidanlar", Mehmet Akif 
Ersoy Üniversitesi Veteriner Fakültesi Dergisi, 1(1), 65-76, (2016).   
Available: https://dergipark.org.tr/tr/download/article-file/227284. 
[Accessed May. 09, 2020]   

[30]  E. Derviş,   "Oral Antioksidanlar", Dermatoz, 2(1): 263-267, 2011. 
[Online]  Available: https://silo.tips/download/oral-antioksidanlar-
derleme-do-dr-emine-dervi-zet-abstract-oral-antioksidanlar-o.  [Accessed 
May. 09, 2020] 



6.Uluslararası Öğrenci Sempozyumu Bildiri Kitabı -2- Fen ve Ziraat Bilimleri  |194 
 

[31] P. F. Surai, I.I. Kochish, V. I., Fisinin and M.T. Kidd,  "Antioxidant 
defence systems and oxidative stress in poultry biology: An 
update. Antioxidants", 8(7), 235, 2019. Available: 
https://www.mdpi.com/2076-3921/8/7/235. [Accessed Apr. 09, 2020] 

[32] H. Younus, "Therapeutic potentials of superoxide dismutase", 
International Journal of Health Science, 12(3), 88-93, 2018. Available: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5969776/ . [Accessed 
Dec. 02, 2019] 

[33] K. Rahman, "Studies on free radicals, antioxidants, and co-factors, 
Clinical Interventions in Aging", 2(2) 219–236, 2007. Available: : 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2684512/.  [Accessed 
Dec. 02, 2019] 

[34] A. Gorąca, H. Huk-Kolega, A. Piechota, P. Kleniewska, E. Ciejka and 
B. Skibska, "Lipoic acid-biological activity and therapeutic 
potential", Pharmacological Reports, 63(4), 849-858, 2011. Available: 
https://link.springer.com/article/10.1016/S1734-1140(11)70600-4. 
[Accessed May 10, 2019] 

[35] J. A. Mayr, R.G. Feichtinger, F. Tort, A. Ribes and W. Sperl, "Lipoic 
acid biosynthesis defects," Journal of inherited metabolic disease, 37(4), 
553-563, 2014.  
Available:https://www.researchgate.net/publication/261955983_Lipoic_a
cid_biosynthesis_defects. [Accessed Mars 14, 2020] 

[36] O. Lateef, N. Shakoor and R.A. Balk, "Methotrexate pulmonary 
toxicity", Expert opinion on drug safety, 4(4), 723-730. 2005. Available: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3814259/. [Accessed 
Janv. 14, 2020] 

[37] H. Tabassum, S. Parvez, S.T. Pasha, B.D. Banerjee and S. Raisuddin,  
"Protective effect of lipoic acid against methotrexate-induced oxidative 
stress in liver mitochondria", Food and chemical toxicology, 48(7), 1973-
1979, 2010. Available: https://pubmed.ncbi.nlm.nih.gov/20451574/ .  
[Accessed May 14, 2020] 

[38] T. Çakir, C. Polat, A. Baştürk, M. Gül , A. Aslaner, H. Durgut, ... and 
M.Z. Sabuncuoglu, "The effect of alpha lipoic acid on rat kidneys in 
methotrexate induced oxidative injury", Eur Review Medicine 
Pharmacology Sci, 19(11), 2132-9, 2015. Available: 
https://europepmc.org/article/med/26125279. [Accessed May 14, 2020] 

[39] H. Arpag, M. Gül, Y. Aydemir, N. Atilla, B. Yiğitcan, T. Cakir, C. 
Polat, Ö. Þehirli and M. Sayan, "Protective Effects of Alpha Lipoic Acid 
on Methotrexate-Induced Oxidative Lung Injury in Rats", Journal of 
Investigative Surgery, 31:2, 107-113, 2018. Available: 
https://www.researchgate.net/publication/315650356_Protective_Effects



195| 6.Uluslararası Öğrenci Sempozyumu Bildiri Kitabı -2- Fen ve Ziraat Bilimleri 
 

_of_Alpha-Lipoic_Acid_on_Methotrexate-
Induced_Oxidative_Lung_Injury_in_Rats. [Accessed Oct. 10, 2019] 

[40] E.E. Guzel,  N. Kaya, G. Ozan, G. A. Tektemur, D. O. Dabak and  I. 
E. Ozan,  "The investigation of effect of alpha lipoic acid against damage 
on neonatal rat lung to maternal tobacco smoke exposure", Toxicology 
reports, 5, 714-722. 2018.  Available: 
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6031852/. [Accessed 
Janv. 20, 2020] 

[41] F. G. Bulmus, M.F. Gürsu, M. H. Muz, et al., "Protective effects of 
alpha-lipoic acid on oleic acid-induced acute lung injury in rats". Journal 
Balkan Medicine; 30:309–31, 2013. Available: 
https://www.researchgate.net/publication/315650356_Protective_Effects
_of_Alpha-Lipoic_Acid_on_Methotrexate-
Induced_Oxidative_Lung_Injury_in_Rats. [Accessed Janv. 10, 2020] 

[42] Y. C. Lin, Y.S. Lai  and  T.Z. Chou, "The protective effect of alpha 
lipoic acid in lipopolysaccharide-induced acute lung injury is mediated by 
heme oxygenase-1",  Journal Evidence-Based Complem Altern 
Med:590363, 2013. Available: 
https://www.hindawi.com/journals/ecam/2013/590363/. [Accessed Janv. 
09, 2020] 

*** 

  



6.Uluslararası Öğrenci Sempozyumu Bildiri Kitabı -2- Fen ve Ziraat Bilimleri  |196 
 

 
Photosynthetic Creature with Biological Properties 

Umar Muazu Yunusa* 
Anas Lawan Sulaiman** 
Fatima Sunusi Gaya*** 

Isa Yunusa**** 

Abstract 

Microalgae are unicellular and multicellular organisms capable of utilizing 
carbon dioxide, water and sunlight to generate energy; a process called 
photosynthesis. They are an untapped resource and omnipresent, found in all 
possible habitats one can think of. The present work reviewed microalgae with 
emphasis on their biological properties. Numerous works of literature 
highlighted the potential therapeutic applications of microalgae. Some of the 
biological properties of microalgae discussed in the current review include 
antioxidants, anticancer, anti-inflammatory and antimicrobial. These 
activities are largely attributed to the bioactive compounds and metabolites 
produced by the microorganism. Data obtained from the current review show 
carotenoids (β- α-carotene, astaxanthin, canthaxanthin, lutein, zeaxanthin, 
fucoxanthin and lycopene), chlorophylls, flavonoids, phenol, tannins, 
phycocyanin, vitamins and antioxidant enzymes (CAT, SOD, GR, APX) to 
be responsible for the anticancer and antioxidants activities of the microalgae. 
Likewise, biomolecules such peptides, amino acids, polysaccharides, fatty 
acids, lipids, vitamins A, B12 (cobalamin), C, D, E (α-Tocopherol & γ-
Tocopherol), indoles, cyanovirin-N (CV-N), phthalic acid, polysaccharides, 
phenolics, tannins, terpenes, alkaloids, sterols, phytosterol and other 
phytochemicals do contribute to the anti-inflammatory, antibacterial, 
antifungal, and antiviral activities of the microalgae. 
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Introduction 

Microalgae are unicellular and multicellular photoautotrophs capable of 
performing photosynthesis. As photoautotrophic microorganisms, microalgae 
use light and inorganic nutrients such as phosphorus, nitrogen, and CO2 to 
synthesize complex organic macromolecules such as pigments, lipids, nucleic 
acids, polysaccharides, and proteins [1]. On a global scale, microalga 
produces more than 75% of the oxygen required for animals and humans. 
They have contributed significantly to the global carbon cycle through CO2 
Fixation [2]. CO2 fixation by microalgae is much faster and more efficient 
than that of terrestrial plants and other higher plants, it has thus been 
considered to have the potential to serve as a commercially feasible process 
for mitigation of CO2 emissions [3]. It is well known high emissions of CO2 
by natural or human activities are known to raise the average temperature of 
Earth's climate system, a process known as global warming.  

Microalgae are an untapped resource and omnipresent, found in all possible 
habitats including freshwater, brackish, marine systems, and soil. Microalgae 
contain high amount biomolecules of carbohydrates, proteins, fats & lipids, 
vitamins, pigments that have been used in various sectors including food, 
chemical feed, antibiotics and pharmaceuticals. These extracted biomolecules 
from the microalgae were also found to possesses biological functions. The 
function includes antioxidants, anticancer, antibacterial, antifungal, anti-
inflammatory and antiviral among others. Moreover, long-chain fatty acids 
and polysaccharides, found in microalgae have important functions as health 
food supplements, while proteins and pigments found in microalgae exhibit 
properties desired in the pharmaceutical industries to treat certain diseases [2]. 
Other functional molecules responsible for the biological properties of 
microalgae are peptides, phenolic antioxidants, phycobiliprotein, carotenoids, 
fucoxanthin, etc. In some cases, the biologically active molecules responsible 
for the efficacies are often not well documented.  

The advantage of using microalgae for the extraction of high-value products 
for industrial use is that it can be cultivated by utilizing only water and 
atmospheric CO2, low energy and less time consuming during culturing, have 
short reproduction periods, environmentally-friendly, and they can be simply 
cultivated in significant amounts in closed bioreactors, guaranteeing a 
theoretically limitless supply of biomass, and they do not create the 
competition for land and food crops as microalgae can grow on degraded land 
[4,5]. This review aims to summarize the recent information on the biological 
properties of the microalgae. The extracted microalgal biomolecules with high 
value explored within the scope of the current review include proteins, 
carbohydrates, lipids, pigments, carotenoids, triglycerides, anti-oxidants, 
polyunsaturated fatty acids, and vitamins. 
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Methodology 

Data used in the current review were obtained by systematic search from the 
following academic databases: Scopus, ScienceDirect, Springer Nature, 
Google Scholar, PubMed, and Academia. The following keywords were 
utilized during the searched:  Microalgae – bioactive molecules, antioxidants, 
anticancer, antibacterial, antifungal, anti-inflammatory and antiviral  

Inclusion and Exclusion Criteria 

Data published from 2015 to 2020 covering the scope of the current study 
were used. Unpublished data and those that did not match the study criteria 
were excluded.  

Findings 

Antioxidants 

Antioxidants are scavengers of reactive oxygen species (ROS), reactive 
nitrogen species (RNS), and reactive sulfur species (RSS). They can protect, 
scavenge, and repair the oxidative damage caused by these species, thereby 
protecting target structures or molecules from oxidative injuries [6]. When 
overproduction of oxidants overwhelms the antioxidant defences, oxidative 
stress ensues.  Antioxidants and their biological properties have become a 
very crucial subject of discussion over the past decades and also the topic of 
exhaustive research all over the world because of their functions in food and 
pharmaceutical industries [1]. Antioxidants are of two classes, those 
synthesized within the body are called endogenous antioxidant, the other is 
called exogenous antioxidants. Although highly efficient, an endogenous 
antioxidant is not enough by itself to counteract the harmful effects of ROS, 
thus requiring a supplement of exogenous antioxidant molecules [7]. 
Exogenous antioxidants are mainly derived from photosynthetic organisms 
and belong to different families such as polyphenols (phenolic acids, 
flavonoids, anthocyanins, lignans, and stilbenes), carotenoids (xanthophylls, 
astaxanthin, and carotenes), sterols, or vitamins (vitamins B, D, E, and C) [8]. 
Microalgae are known to be reached the source of these exogenous 
antioxidant molecules. Microalgal antioxidants include enzymes, such as 
catalase (CAT), glutathione reductase (GR) and superoxide dismutase (SOD); 
fat-soluble compounds, such as carotenoids and vitamin E (α-tocopherol); and 
water-soluble compounds, such as other vitamins, phycobiliproteins, and 
polyphenols [9,10]. 

Banskota et al. (2019), isolated eight antioxidants compounds from four 
different microalgal biomass. The compounds isolated as listed in Table 1 
were fucoxanthin, astaxanthin, lutein, zeaxanthin, canthaxanthin, α-carotene, 
β-carotene, and lycopene [11]. Phenolics, flavonoids and carotenoids are 
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major groups of natural compounds known to have strong antioxidant activity.  
Antioxidants compounds and enzymes were also isolated from the diatom 
Skeletonema marino. The antioxidants were ascorbic acid, chlorophylls, 
carotenoids, catalase (CAT), glutathione reductase (GR), superoxide 
dismutase (SOD), and ascorbate peroxidase (APX) [10]. Like antioxidants 
compounds, antioxidants enzymes are known to scavenge free radicals, and 
repair oxidative damage caused oxidants. Phenolics (gallic, syringic, 
protocatechuic, and chlorogenic acids) and the flavonoids (catechin and 
epicatechin) were isolated from several microalgae 
(Ankistrodesmus sp., Spirogyra sp., Euglena cantabrica, and Caespitella 
pascheri). The polyphenols were later identified using RP-HPLC [12].  

In another research, Montone and colleagues (2018), extracted, purified and 
analyzed 500 peptide sequences from Tetradesmus obliquus using reversed-
phase liquid chromatography and RP nano HPLC-MS/MS techniques, and in 
silico analysis. Twenty-five sequenced peptides showed antioxidant 
properties [13]. Protein concentrate of Spirulina sp. were also found to 
possessed antioxidants properties [14]. Fourteen polyphenolics possessing 
strong antioxidant activities were isolated from Dunaliella tertiolecta, and 
identified using RP-HPLC [15].  

Table 1. Purified antioxidants compounds from microalgal species 

Microalgae Bioactive 
compound 

Country Ref. 

Phaeodactylum tricornutum, Neochloris 
oleoabundanas and Scenedesmus sp. 

Tetraselmis chui. 

Fucoxanthin, 
astaxanthin, 
lutein, 
zeaxanthin, 
canthaxanthin, 
α-carotene, β-
carotene, and 
lycopene 

Canada [11] 

Skeletonema marinoi Ascorbic acid, 
chlorophylls, 
carotenoids, 
Antioxidant 
enzymes (CAT, 
SOD, GR, APX) 

Italy [10] 

Spirulina platensis Phenolics Egypt [9] 

Tetradesmus obliquus Peptides Italy [13] 
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Ankistrodesmus sp., Spirogyra sp., Euglena 
cantabrica, and Caespitella pascheri 

Phenolics Spain [12] 

Spirulina sp. L Protein Brazil [14] 

Scenedesmus subspicatus Phenolics, 
flavonoid, 
tannins 

Brazil [39] 

Dunaliella tertiolecta Phenolics Spain [15] 

Chlorella sorokiniana and Dunaliella sp Phenolics Pakistan [22] 

Anticancer Activity 

Cancer occurs through highly complex processes that involve the multiple 
coordinated mechanisms of tumorigenesis [16]. With an estimated 18.1 
million new cases and 9.6 million deaths in 2018, cancer is the leading cause 
of death worldwide [17]. Cancer incidences have been projected to increase 
globally by about 68% in 2030 [18]. However, finding an effective method to 
treat it remains a huge challenge. The development of new therapeutic agents 
for cancer treatment is essential for continued progress against the disease. 
Recent studies have shown that various microalgae may have antiproliferative 
and anticancer activities [19]. In one in vivo study in Taiwan, researchers 
found fucoxanthin-rich extracts of Sargassum muticum to have anti-
inflammatory and anticancer effects on colitis-associated colon cancer in 
Mice [20].   Fucoxanthin’s potent activity may result from inhibition of certain 
signal transduction pathways that are critical to tumour growth and 
inflammatory responses, such as the activator protein 1 (AP-1), peroxisome 
proliferator-activated receptor (PPARγ), and nuclear factor-κB (NF-κB) 
pathways [20,21]. Chlorella sorokiniana and Dunaliella sp. were found to 
have antioxidant and anticancer activities against four different human cancer 
cell lines viz. Caco-2, MCF-7, PC3, and HepG-2 [22]. Suh et al. (2017b) 
investigated the anti-proliferative activity of Botryidiopsidaceae sp. against 
some cancer cell lines (A375, Hs578T and HeLa) and non-tumorigenic 
keratinocyte cells (HaCaT) [23]. Moreover, Chlorella vulgaris and 
Chlamydomonas reinhardtii were found to be effective against breast cancer, 
MCF-7 [24]. With the efficiently high amount of total phenol and flavonoid 
contents, these microalgae exhibited strong antioxidant potency. The 
anticancer potential of the microalgae has been attributed to the high phenolics 
contents. Monoacylglycerides (MAGs) purified from Skeletonema marinoi 
have cytotoxic activity against the haematological cancer cell line U-937 and 
colon cancer cell line HCT-116 [25].  
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Table 2. Purified anticancer compounds from microalgal species 

Microalgae Bioactive compound Country Ref. 

Sargassum muticum Fucoxanthin Taiwan  [20] 

Chlorella sorokiniana and Dunaliella sp Phenolics Pakistan [22] 

Botryidiopsidaceae sp. Polyphenol South Korea [23] 

Chlorella vulgaris and Chlamydomonas Phenol and flavonoid India [24] 

Skeletonema marinoi MAGs Italy [25] 

 

Antimicrobial Activity  

Antimicrobial resistance occurs when microorganisms such as bacteria, 
viruses, fungi and parasites change in ways that render the medications used 
to cure the infections they cause ineffective. Antibiotic resistance, which 
occurs naturally or artificially through the misuse of antibiotics in humans and 
animals, is one of the biggest threats to global health and food security. A 
growing number of deadly infections – such as tuberculosis, salmonellosis, 
gonorrhoea, and pneumonia – are becoming harder to treat as the antibiotics 
used to treat them become less effective. These lead to longer hospital stays, 
higher medical costs, increased mortality, and can also compromise the 
success of major surgery and cancer chemotherapy [26]. To solve these 
problems several bioactive molecules with antimicrobial activities have been 
isolated from different plants. Microalgae are of particular interest in this 
context because they have developed tolerance and defence strategies to resist 
the exposure to pathogenic bacteria, viruses, and fungi in the aquatic 
environment [27]. Antimicrobial activity can be defined as a collective term 
for all active principles (agents) that inhibit the growth of bacteria, virus, 
fungi, nematodes etc., prevent the formation of microbial colonies, and may 
destroy microorganisms. It can be antibacterial, bactericidal, bacteriostatic, 
fungicidal, fungistatic, biocidal, and biostatic [28].  

Antibacterial activity 

The global epidemic of bacterial resistance to existing antibiotics has 
prompted the search for naturally occurring candidate drugs, anti-fouling 
agents, and food preservation agents from terrestrial and marine sources [29]. 
The use of a microalgal compound as an antibacterial agent can be dated back 
to 1944 in which Pratt and colleagues [30] isolated chlorellin from two 
Chlorella species - Chlorella vulgaris and Chlorella pyrenoidosa; and 
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demonstrated its activity against several Gram-positive (G+) and Gram-
negative (G−) bacteria: Staphylococcus aureus, Streptococcus pyogenes, 
Bacillus subtilis, Bacterium coli and Pseudomolzas pyocyanea. Since then, 
the interest for antibacterial compounds from microalgae has been growing. 
Numerous successful researches had been carried out. Bioactive molecules 
and functional groups identified in microalgae to have antibacterial activity 
include phlorotannins, fatty acids, polysaccharides, peptides, terpenes, 
polyacetylenes, sterols, indole alkaloids, aromatic organic acids, shikimic 
acid, polyketides, hydroquinones, alcohols, aldehydes, ketones, and 
halogenated furanones, alkanes, and alkenes [31,32]. 

Microalgal extract of Chlorella vulgaris was found to be effective against G− 
bacteria viz. Klebsiella pneumoniae, Proteus mirabilis, Vibrio cholerae, 
Salmonella typhi, E. coli and G+ bacteria viz. S. aureus, Bacillus subtilis, 
Enterococcus sp., Clostridium botulini, Nocardia sp.  The microalgal 
compounds responsible for the activity as highlighted by the authors [33] were 
phenolic, flavonoids, terpenes and alkaloids. The polyhydroxybutyrate and 
phenolic compounds extracted from Spirulina sp. were found to have 
antibacterial activity [34].   

Antimicrobial peptides extracted from Tetraselmis suecica, purified by C-18 
reverse-phase column chromatography and RP-HPLC, and identified using 
BLAST analysis and de novo sequence, were found to have antibacterial 
activity against E. coli and Micrococcus luteus [27].  

The antibacterial and antifungal activities of intracellular water-soluble 
polysaccharide (IWSP) isolated from Chlamydomonas sp. and quantified 
using GC–MS technique were assessed [35]. The results revealed IWSP to 
had good antibacterial activity against Pseudomonas aeruginosa, E. coli, 
Staphylococcus albus and S. aureus, but weak antifungal activity against 
Saccharomyces cerevisiae.  The antimicrobial activity of IWSP was 
determined using the disk diffusion method. Likewise, extracellular 
polysaccharides-Ag-NPs synthesized from Botryococcus braunii were 
effective against six pathogenic bacterial strains B. megaterium, E. coli, B. 
subtilis, M. luteus, P. aeruginosa and S. aureus [36].  B. braunii is a green, 
pyriform shaped planktonic microalga, with colonies growing in the cluster 
and that can be found widespread in temperate and tropical regions [37].  An 
aromatic dicarboxylic acid, phthalic acid, isolated from Lyngbya sp. were 
found to inhibit the growth of pathogenic bacteria Staphylococcus aureus and 
Escherichia coli [38]. Dantas et al. (2019) examined the antioxidant capacity 
and antibacterial activity of Scenedesmus subspicatus against Bacillus 
subtilis, Klebsiella pneumoniae and Escherichia coli. Positive results were 
obtained [39]. The compounds responsible for these properties as speculated 
by the authors were phenolics, flavonoid and tannins. Agar well diffusion 
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method for antibacterial activity C. vulgaris and Chlamydomonas reinhardtii 
showed highly efficient zone of inhibition against Pseudomonas aeruginosa, 
Escherichia coli and Staphylococcus aureus [24]. 

Table 3. Purified antibacterial compounds from microalgal species 
Microalgae Bioactive compound Country Ref. 

Spirulina sp. Polyhydroxybutyrate and phenolic Brazil [34] 

Chlorella vulgaris Phenolic, flavonoids, terpenes, alkaloids India [33] 

Tetraselmis 
suecica 

Peptides Chile [27] 

Chlamydomonas 
sp. 

IWSP China [35] 

Lyngbya sp Phthalic acid Indonesia [38] 

Scenedesmus 
subspicatus 

Phenolics, flavonoid and tannins Brazil [39] 

Botryococcus 
braunii 

Extracellular polysaccharides-Ag-NPs USA [36] 

C.  vulgaris, 
Chlamydomonas 

Phenol and flavonoid India [24] 

 

Antifungal Activity 

Various studies conducted in the last decades have indicated the ability 
of macro- and microalgal extracts in inhibiting the growth of 
pathogenic fungi species [40]. Microalgal compounds such as 
cyanovirin, oleic acid, linolenic acid, palmitoleic acid, vitamin A, C, E, 
D, B12, β-carotene, phycocyanin, lutein, and zeaxanthin have potent 
antifungal and other biological effects [41]. Phenolic and carotenoid 
extracts from microalgae Nannochloropsis sp. and Spirulina sp. were 
found to mitigate contamination caused by fungal pathogens F. 
graminearum F. meridionale and F. asiaticum [42]. Fusarium species 
were known to produce mycotoxins under certain environmental 
conditions [43,44]. Antifungal activity of Chlorella protothecoides 
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against fungi Botrytis cinerea and Aspergillus niger was investigated 
[45]. In similar research in Turkey, antifungal and antioxidant activities 
of Ulva lactuca, Chlorella minutissima, Chlorella vulgaris and 
Chlorella protothecoides against Aspergillus niger, Alternaria 
alternata and Penicillium expansum were investigated [46]. The effects 
can be as a result of the fatty acids - palmitic, oleic, linoleic and 
linolenic acid, present in the microalgal species.  
 

Table 4. Purified antifungal compounds from microalgal species 
Microalgae Bioactive compound Country Ref. 

Chlamydomonas sp. IWSP China [35] 

Nannochloropsis sp. and Spirulina sp. Phenolic and 
carotenoid 

Brazil [42] 

Ulva lactuca, Chlorella minutissima, 
Chlorella vulgaris and Chlorella 
protothecoides 

Fatty acids Turkey [46] 

Chlorella protothecoides  Turkey [45] 

 

Antiviral Activity 

Viral infections such as human immunodeficiency virus (HIV), hepatitis C 
virus (HCV), respiratory-tract viruses, herpes simplex viruses (HSV-1 and 
HSV-2), or dengue virus afflict a substantial proportion of the world 
populations in all generations [47]. Few works have highlighted the beneficial 
potency of microalgae against viral diseases. The polysaccharides isolated 
from microalgae Spirulina platensis, Scenedesmus obliquus and Dunaliella 
salina were found to have significant antiviral activity against HCV, rotavirus 
Wa, coxsackievirus B4, and HSV1 viruses [48]. In another development, 
lectin and other polysaccharides from microalgae BTM11 were used as an 
inhibitory agent of hepatitis C virus RNA helicase [49,50].  
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Table 5. Purified antiviral compounds from microalgal species 

Microalgae Bioactive 
compound 

Country Ref. 

Spirulina platensis, Scenedesmus 
obliquus and Dunaliella salina 

Polysaccharides Egypt [48] 

Microalgae BTM11 lectin, 
polysaccharide 

Indonesia [49,50] 

 

Anti-inflammatory Activity 

Inflammation is the natural physiological reaction of the immune system to 
tissue damage that happens when the human body efforts to deal with different 
pathogens, toxic compounds and damaged cells. During inflammation, 
inflammated cells start to produce pro-inflammatory cytokines as well as 
stimulate the expression of nitric oxide synthase isoform and an inducible 
nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2) [51]. The use of 
plant materials and other natural products to treat inflammation or swelling 
have wellbeing documented. The role of microalgal molecules in 
inflammation has been extensively discussed. Different metabolites from 
microalgae and cyanobacteria alike Chlorella, Dunaliella, Phaeodactylum, 
etc. has been found to exhibit anti-inflammatory response.  

Studied had shown that Cylindrotheca Closterium, Odontella mobiliensis, 
Pseudonitzschia pseudodelicatissima, C. actinocyclus and A. minutum to have 
strong anti-inflammatory activities against human acute monocytic leukaemia 
cell line (THP-1) [52]. de Los Reyes et al. (2016), determined the anti-
inflammatory activity of Isochrysis galbana [53]. The compounds isolated 
from the microalgae were monogalactosyldiacylglycerols, 
digalactosyldiacylglycerols and isogalbamides. MGDGs and DGDGs showed 
significant activity as inhibitors of the production of the pro-inflammatory 
cytokine TNF-α in lipopolysaccharide-stimulated human THP-1 
macrophages, while the isogalbamides showed moderated activity. 
Biomolecules pheophorbide a - a product obtained from the breakdown 
product of chlorophyll; and 1-palmitoyl-sn-glycero-3-phosphocholine – a 
lysophosphatidylcholine compound, isolated from the diatom Cylindrotheca 
closterium were found to significantly inhibit tumour necrosis factor-alpha 
(TNF-α) release [54]. Phytosterol contents of Nannochloropsis 
oculata hexane fraction have shown anti-inflammatory activities against 
lipopolysaccharide-stimulated RAW 264.7 macrophages cells [51]. Anti-
inflammatory activity may also result from the inhibition of enzymes such as 
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cyclooxygenase (COX-2). This enzyme is involved in the conversion of fatty 
acids into prostaglandins and leukotrienes, which display an inflammatory 
action. Another study detected anti-inflammatory activity in the lipids extract 
of Isochrysis galbana biomass, reaching a value of 79 ± 7% of COX-2 
inhibition [55]. 

Table 6. Purified anti-inflammatory compounds from microalgal species 
Microalgae Bioactive compound Country Ref. 

Isochrysis galbana Monogalactosyldiacylglycerols, 
digalactosyldiacylglycerols and 
isogalbamides 

Spain [53] 

Cylindrotheca Closterium, 
Odontella mobiliensis, 
Pseudonitzschia 
pseudodelicatissima, 
C.actinocyclus and A. 
minutum 

 Italy [52] 

Cylindrotheca closterium Pheophorbide a, 1-palmitoyl-
sn-glycero-3-phosphocholine 

Italy [54] 

Nannochloropsis oculata  Phytosterol Korea [51] 

Isochrysis galbana Lipids Portugal [55] 
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Abstract 

Phenolic compounds constitute the dominant phytochemicals found in plants. 
Most of the health benefits of plants are attributable to them. They comprise 
Flavonoids, phenolic acids, lignin precursors, tannins, benzoic acid, and 
cinnamic acid derivatives are all types of phenolic compounds. Though their 
most desirable feature is their antioxidant properties; which greatly conserves 
and protects food quality, they also have several protective roles such as in 
antiaging, anti-inflammatory, capillary protective effect, and inhibitory effect 
elicited in various stages of tumor and against oxidative-stress related 
metabolic disorders. Spectrometric methods were used to assess and compare 
the total phenolic compounds in aliquot volumes of methanolic extracts of 
five varieties of eggplant fruits sourced from Nigeria and Turkey. All the 
varieties of eggplant fruits used in this study had detectable levels of phenolic 
compounds. The total phenolic compounds determined in dark eggplant, light 
eggplant, bitter tomato, bitter apple and white garden egg were found to range 
between 1.091 to 10.71-μg Gallic acid equivalent (GAE)/ g of extract value.  
A steady increase in total phenolic compounds was observed as the sample 
volumes increased indicating a possible correlation between the volume of 
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extract and concentration of total phenolic compounds. This reaffirms that 
eggplant plant fruit is a nutritious fruit with many health benefits. 

Keywords: Phenolics, Eggplant, Antioxidants 

 

Introduction 

Phenolic compounds are a major class of secondary metabolites 
synthesized by plants that substantially contribute to the total water-
soluble antioxidant activity. They are products of the shikimic acid of 
plants and pentose phosphate through phenylpropanoid metabolization. 
They each contain an aromatic ring with hydroxyl groups and may be 
simples or complex. They help in growth regulation, defense against 
insects and microbes, strengthen plants, pigmentation, UV-protection, 
regulate gene expression, and attract pollinators [1]. The main classes 
are the phenolic acids and polyphenols that possess one, or more than 
one aromatic ring, respectively. There are different classes and 
subclasses of phenolic compounds that are further grouped based the 
number and configuration of their hydroxyl groups, phenolic rings and 
other groups they may contain. They are mainly found in fruits and 
vegetables together with mono- and polysaccharides or as derivatives 
of esters [2]. Flavonoids, phenolic acids, lignin precursors, tannins, 
benzoic acid, and cinnamic acid derivatives are all types of phenolic 
compounds; however, the largest and most varied are the flavonoids. 
Though their most desirable feature is their antioxidant properties; 
which greatly conserves and protects food quality, they also have 
several protective roles such as in antiaging, anti-inflammatory, 
capillary protective effect, and inhibitory effect elicited in various 
stages of tumor and against oxidative-stress related metabolic disorders 
[2,3]. The ease with which phenolic compounds release and donate 
hydrogen atoms (H+) and electrons, or metal cation chelators make 
them ideal antioxidants, sometimes even much more effective than 
antioxidant vitamins and carotenoids [3,4]. However, the antioxidant 
capacity of phenolic compounds is subject to their structural 
configuration. The amount and positions of the hydroxyl group they 
contain, the number of aromatic rings, types of side groups, nature of 
the oxidant and environment influences their efficacy as antioxidants. 
For instance, in some flavonoids, their antioxidant capabilities are 
greatly enhanced by the presence of double bonds in their aromatic 
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rings, functional groups (e.g. Oxo groups: -C=O), location and number 
of numerous hydroxyl groups in the rings. This is exemplified by 
quercetin and catechin which have similar structures except that a 4-
oxo functional group exists where quercetin has a 2, 3- double bond. 
Due to the double bonds in quercetin, it has twice the antioxidant 
capacity of catechin due its saturated heterocyclic ring [2]. 
Recent researches on eggplants have shown them to contain mainly phenolic 
compounds particularly flavonoids and phenolic acids. They are reported have 
the most diverse and highest concentrations of phenolic compounds within the 
domesticated Solanaceae family [5]. The concentration of total phenolic 
compounds was observed to vary from 23 mg/100g DW to 1,168 mg/100g 
DW depending on the eggplant cultivar [5]. The wild types of eggplant 
particularly S. incancum have been reported to have a higher concentration of 
phenolic acids and tannins [6]. The impact of external factors such as climate, 
growth conditions, type of cultivar, harvesting season etc. have been reported 
to influence the concentration and nature of phenolic compound profiles of 
eggplant [7]. Consistently higher concentrations of phenolic compounds have 
been observed in wild species of eggplant compared to domesticated species 
indicating that artificial selection affects the phenolic compound profile of 
eggplants [8]. The aim of this study was to assess and compare the total 
phenolic compounds in aliquot volumes of methanolic extracts of five 
different varieties of eggplant fruits.  

Materials and Methods 

Samples 

In this study, fresh eggplant fruits were purchased from local market of Elazig 
city, Turkey and Kano, Nigeria. Five types of eggplant fruits were used, 
namely, Dark Eggplant fruits, Light Eggplant fruits, Bitter Tomato, Bitter 
Apple and White Garden eggs throughout the experiment. The analysis was 
done on the fresh fruits.  

Table 1. Varieties and description of eggplant fruits used in the study 

Origin  Description Variety 

Turkey Dark, Oval Dark Eggplant 

Turkey Light, Slim, long Light Eggplant 

Nigeria Green, Rounded Bitter Apple 

Nigeria Green/ Reddish tones, Rounded Bitter Tomato 

Nigeria White with green stripes, Ovoid White Garden Egg 
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Chemical Analysis 

Analytical-grade solvents used for sample preparation was re-distilled before 
use as impurities in the solvent can interfere with the sample peak in the HPLC 
chromatogram. Solvents for liquid chromatography were of HPLC grade. All 
solvents used as the mobile phase in HPLC were filtered through an individual 
membrane filter and degassed using an ultra-sonic bath. 

All radical testing chemicals, quercetin (dehydrate), Potassium persulphate, 
Sodium nitrate, Aluminum chloride, Gallic acid, Butylated hydroxy toluene, 
Flavone, Perchloric acid, and all other standard and chemical reagents were 
purchased from Sigma Aldrich or Merck. Double distilled (dd H2O) water was 
used throughout the work. 

Preparation of the Extract 

The fresh eggplant fruits were weighed in the laboratory placed in an airtight 
container and frozen for further use. For the extraction, approximately 20.0 g 
of each pulverized eggplant fruit sample were extracted in 350 mL of 
methanol. It was maintained on a mechanical shaker (Stuart Scientific Orbital 
Shaker Essex, UK) for about 48hr. The separated extracts were then filtered 
through Whatman’s No. 1 filter paper. The filtrate was concentrated to 
dryness in vacuum using a rotary evaporator, until the solvents were removed 
and volume was approximately 50 mL. The evaporated sample was 
refrigerated until required for further use.   

Determination of Total Phenolic (TP) Compounds 

The total phenolic compounds in the eggplant fruit extract were determined 
by colorimetric assay [9,10] using the Folin–Ciocalteu reagent, following 
methods described by Singleton and Rossi [11].  Aliquots of sample extract 
was added to 125 µL of the Folin–Ciocalteu reagent and 500 µL distilled 
water. The mixture was shaken and allowed to incubate for 6 minutes at room 
temperature. Then 1250 µL Sodium carbonate (Na2CO3) (20 % w /v) and an 
aliquot of distilled water to make a total volume of 3ml was added. The 
mixture was incubated for 2 hours at room temperature under dark condition. 
The absorbance was read at 760 nm using a UV-spectrophotometer versus 
prepared blank.  

A blank was prepared with distilled water instead of aliquot extract. Gallic 
acid standard was prepared for 1,2, 4, 6, 8 and 10 µL. Total phenolic content 
of eggplant fruit extract were expressed as micrograms of Gallic acid 
equivalents per gram of fresh weight (µg GAE/g FW) through the calibration 
curve with microgram Gallic acid and catechol equivalents per gram of fresh 
weight (µg GAE/g FW) (Figure). 
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Calculations  

A working graph was plotted and used for the calculation. Calculations of 
total phenolic compounds was determined by the created graph (Figure). 

 

 
 

Results 

Table 2. The amounts of Total Phenolic compounds in eggplant fruits.  

Sample Volume (μL) 

50 100 150 200 

Dark Eggplant (Turkish) 1.963 4.47 9.402 10.71 

Light Eggplant (Turkish) 1.091 3.748 6.037 9.443 

Bitter Tomato (Nigerian) 1.786 3.557 7.413 9.007 

Bitter Apple (Nigerian) 1.228 4.634 6.228 9.184 

White Garden Egg (Nigerian) 1.990 3.584 7.781 9.020 
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Figure 1: Comparison between the total phenolic content of aliquot volumes 
of different varieties of Nigerian and Turkish Eggplant fruits. 

Discussion 

Polyphenolic compounds are a large family of secondary metabolites whose 
structure accords them the ability to be potent antioxidants. They are 
responsible for most of the health benefits associated with fruits [12]. All the 
varieties of eggplant fruits used in this study had detectable levels of phenolic 
compounds. The total phenolic compounds determined in dark eggplant, light 
eggplant, bitter tomato, bitter apple and white garden egg were found to range 
between 1.091 to 10.71-μg Gallic acid equivalent (GAE)/g of extract value.  
A steady increase in total phenolic compounds was observed as the sample 
volumes increased. This shows a possible correlation between the volume of 
extract and concentration of total phenolic compounds.              

Our findings revealed the amounts of phenolic compounds in dark eggplant, 
light eggplant, bitter tomato, bitter apple and white garden egg in 50 μL 
determined to be 1.963, 1.091, 1.786, 1.228 and 1.99 μg /g GAE/g, 
respectively (table 1). The dark eggplant variety from Turkey and the white 
garden egg variety sourced from Nigeria had the highest concentrations while 
the light eggplant; also, a Turkish variety had the lowest concentration.  

Based on this study, the total phenolic compounds were found to be 4.47, 
3.748, 3.557, 4.634 and 3.584 μg GAE/g in 100 μL of dark eggplant, light 



6.Uluslararası Öğrenci Sempozyumu Bildiri Kitabı -2- Fen ve Ziraat Bilimleri  |218 
 

eggplant, bitter tomato, bitter apple and white garden egg extracts, 
respectively. The bitter apple, a Nigerian variety, appeared to have the highest 
concentration of total phenolic compounds at this volume, followed by the 
dark eggplant. Whereas the bitter tomato variety had the lowest concentration. 
The amounts of phenolic compounds in dark eggplant, light eggplant, bitter 
tomato, bitter apple and white garden egg in 150 μL volumes of extract were 
determined to be 9.404, 6.037, 7.413, 6.228 and 7.781 μg GAE/g, 
respectively. The dark eggplant variety from Turkey had the highest 
concentration while the light eggplant; also, a Turkish variety had the lowest 
concentration at this volume. This is similar to the trend observed in 50 μL 
extracts of the different varieties. 

The total phenolic compound values were determined to be 10.71, 9.443, 
9.007, 9.184 and 9.02 μg GAE/g in the 200μL extract of dark eggplant, light 
eggplant, bitter tomato, bitter apple and white garden egg fruits, respectively. 
The dark eggplant and light eggplant samples from Turkey appeared to have 
the highest amount of total phenolic compounds at this volume; on the other 
hand, white garden egg had the lowest. In all the volumes, the dark eggplant 
had the highest amount of total phenolic compounds. This may be due to the 
genetic make-up of its variety and the associated phenotypic color intensity it 
possessed. Prohens et al. (2007) have reported a correlation between genotype 
and total phenolic compounds in eggplant fruits [13]. Okmen et al. [14] 
observed similar disparities between different cultivars of Turkish eggplant 
fruits that is consistent with findings of this study. 

The concentration of total phenolic compounds in eggplant fruits have been 
reported to significantly vary widely, with low and comparably very high 
values reported in the literature [5]. Bidaramali et al. (2020) determined total 
phenolic content ranging from 1.03 to 15.65 mg CE/100g FW in eggplant 
fruits [15]. Deng et al. (2013) reported a variation of 5.56 to 6.71 mg GAE/g 
FW in white, green and purple varieties [16]. These are consistent with our 
findings. 

Akanitapichat et al. (2010) also investigated the variation in concentrations of 
total phenolic compounds in five varieties of eggplant fruits. Though higher 
concentrations of phenolic compounds were reported, the values were also 
significantly different between four of the varieties [17]. Another study 
reported 0.84 mg GAE/1.5mg of fresh eggplant fruit [18]. Koley et al. (2019) 
reported values of 12.89 to 49.29 mg GAE/100 g fresh weight (FW) [19] 
which are inconsistent with our findings; this may be due to differences in 
variety of eggplant fruits sampled and methods used. 

Based on our study, as expressed in table 4 and figure, quantification of total 
phenolic compounds showed variations that had a possible correlation to 
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genetic make-up and geographical origins of the sample. A comparison 
between total phenolic compounds in the dark and light eggplant, both with 
Turkish origins showed variations in values at all volumes of extract. The dark 
eggplant fruits had higher concentrations of total phenolic compounds than 
the light eggplant fruit at all volumes. Moreover, while the dark eggplant had 
a range of 1.963 – 10.71 μg GAE/g, the light eggplant fruit had a range of 
1.091 – 9.443 μg GAE/g in concentrations of total phenolic compounds. The 
most significant variation in their concentrations of phenolic compounds was 
observed in 150-μL extract volume. This pattern was also observed between 
concentrations of total phenolic compounds in dark eggplant fruits and the 
Nigerian varieties.  

In contrast, a comparison of the total phenolic compounds in light eggplant 
fruit, a Turkish variety, to bitter tomato, a wild African variety sourced from 
Nigeria showed variations at the different extract concentrations. In 50 μL and 
150 μL extract volumes, the light eggplant fruit had a lower concentration 
than its Nigerian counterpart did. However, at other volumes the reverse was 
observed, with higher concentrations in the light eggplant fruits. Conversely, 
in 100 μL extract volumes, almost similar levels of phenolic compounds were 
quantified in both samples. While a relatively higher amount was determined 
in the light eggplant in comparison to the bitter tomato variety in 200 μL, 
extract volumes. Comparing total phenolic compounds in light eggplant to 
amounts in bitter apple, also a Nigerian variety, a different pattern was 
observed. In 50, 100, and 150 μL extract volumes, the light eggplant variety 
had lower concentrations. However, higher levels were detected in the light 
eggplant fruit in 200 μL extract volumes. Correlating the values of total 
phenolic compounds determined in the light eggplant fruit samples to those in 
white garden egg, another Nigerian variety, a contrasting trend was observed. 
In 50-μL volume of extract, the light eggplant had a lower concentration. They 
approximately had the same concentrations in 100 μL, while in 150 μL yet 
again the light eggplant fruits had lower concentrations. However, in 200 μL 
of extract the light eggplant fruit had a higher concentration of total phenolic 
compounds. Kaur et al., (2014) has observed related findings in a study 
evaluating bioactive compounds in wild and domesticated varieties of 
eggplant fruits [6]. Since the Nigerian varieties are wild varieties, our findings 
may be due to varietal differences associated with artificial selection, which 
may affect amounts of phenolic compounds as described by Meyer et al., 
(2015) [8].  

On the other hand, amounts of total phenolic compounds between the 
Nigerian varieties shows variations in all volumes of extract (table 4 and 
figure). In 50 μL and 150 μL, bitter tomato had higher concentrations than 
bitter apple variety. However, in 100 μL and 150 μL extract volumes, it had 
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lower levels of phenolic compounds.  

Comparing and contrasting the values determined in bitter tomato and white 
garden egg, disparities were observed in all extract volumes, except at 200 
μL. However, though the white garden egg had higher levels of phenolic 
compounds in 50,100 and 150 μL of the extract, they had similar 
concentrations in 200 μL volumes of the extract. 

Conversely, a correlation between the concentrations detected in bitter apple 
and white garden egg showed a similar pattern observed between dark 
eggplant and white garden egg. Lower concentrations of phenolic compounds 
were determined in the bitter apple variety in 50 and 150 μL volumes, whereas 
it had higher concentrations in volumes of 100 and 200 μL.  

The observed variations may be due to several factors including climate, 
growth conditions, type of variety or cultivar, harvesting season, stage of 
maturation of fruit, post-harvest storage and processing conditions and 
methodologies used. Such variations in levels of total phenolic compounds in 
different varieties of eggplant fruits have been demonstrated by previous 
studies based on similar parameters and criteria. For instance, Okmen et al., 
(2009) assessed and compared the total phenolic compounds based on 
phenotypic appearance [14].  Other studies observed such variations based on 
differences in extraction methods [18]; between raw and cooked eggplant 
fruits [20], geographical origins [21], cultivar [22], organic vs conventionally 
grown [23], harvesting season [7] and even between fruit parts [24].  

Conclusion 

The results of this study showed all the varieties from Nigeria and Turkey to 
have a measure of total phenolic compounds. However, the dark eggplant fruit 
sourced from Turkey appeared to have the highest amount at all volumes 
compared to the others. They can be included in the diet for our health and 
wellbeing. 
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