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The interconnected Epe and Badagry Lagoons in Nigeria are vital ecosystems
supporting fish cage culture, but they may be at risk of toxic element contamination,
posing threats to aquatic life and human health. This study conducted a preliminary
ecological risk evaluation, focusing on arsenic, boron, selenium, silicon, and sulfur
concentrations in water, sediment, and Heteroclarias tissues using standard analytical
methods. Contamination levels and ecological risks were assessed using
contamination factor (CF), enrichment factor (EF), bioaccumulation factor (BAF),
and the index of geo-accumulation (Igeo). Sediment consistently showed the highest
concentrations of all analyzed elements, with arsenic levels in Badagry Lagoon
(0.4426 £ 0.0731 mg kg) exceeding those in water and fish tissues, and a sediment-
dominant pattern was observed for boron, selenium, silicon, and sulfur. Arsenic
bioaccumulation factors in Heteroclarias from Epe Lagoon were significantly high
(62.29 + 0.36 for water and 1.26 + 0.73 for sediment), while EF values for arsenic were
highest in Badagry Lagoon (29.80), and selenium showed the highest EF in Epe
Lagoon (224.64). Despite negative Igeo values indicating no significant sediment
contamination, elevated arsenic concentrations and bioaccumulation in fish tissues
raise potential health concerns for aquatic life and human consumers, emphasizing
the need for regular monitoring and management strategies to mitigate toxic

element contamination in the Lagos Lagoon system.
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INTRODUCTION

Aquaculture has emerged as the fastest-growing
and most diverse sector in global food production,
with its worldwide output increasing over threefold
from 34 million tons in 1997 to 112 million tons in 2017
(Naylor et al, 2021). Aquaculture accounts for
approximately half of the global fish supply and is
recognized as the fastest-growing segment in the food
industry. Kaleem & Sabi (2021) highlight its
significance as an essential agricultural practice
capable of significantly addressing global nutritional
deficiencies and effectively alleviating poverty.
Consequently, it is positioned as a key solution, as it
offers a sustainable and controlled way to produce
seafood without putting further pressure on wild fish

stocks.

The growing request for fish and its products has
driven expansion of aquaculture practices, with cage
culture systems being widely embraced for their high
efficiency and productivity (Orinda et al., 2021).
However, these activities often take place in natural
water bodies, such as lagoons and rivers, where
anthropogenic  inputs, including  industrial
discharges, agricultural runoff, and urban waste, may
introduce toxic elements into the aquatic
environment. Despite its significance, aquatic
environment is subject to varying degrees of
environmental pressure from surrounding human
activities, raising concerns about contamination and

ecological risks.

Toxic elements, including arsenic, boron, selenium,
silicon, and sulfur, pose significant risks because they
persist in the environment, have the potential for
bioaccumulation, and negatively impact aquatic
ecosystems and human health (Raj & Maiti, 2020).
Ecological risk assessments are essential tools for
evaluating the potential hazards posed by these
contaminants to aquatic ecosystems and the
organisms within them. Preliminary studies help
identify key risks, guide sustainable aquaculture
practices, and inform regulatory policies aimed at

preserving aquatic ecosystems like Lagoons.

The lagoons in Lagos play a dual role as a critical

biodiversity hotspot and a major source of livelihood

for communities engaged in fishing and aquaculture
(Moruf, 2022). However, the intensification of cage
culture activities within the lagoons has coincided
with increased anthropogenic pollution. According to
Sonone et al. (2020), introduction of toxic elements
into the aquatic environment poses significant
ecological risks, including bioaccumulation in fish,
disruption of food web dynamics, and potential
human health hazards by consuming contaminated
fish.

Earlier works indicate that different lagoons in
Lagos, Nigeria have been contaminated with metals
(Taiwo et al., 2019; Mustapha et al., 2021; Lawal-Are et
al., 2021; Moruf, 2021). However, there is a paucity of
data on the levels and ecological impact of toxic
elements in cage culture sites within lagoon system in
Nigeria (Ajiboye et al., 2024). This lack of information
hinders the development of evidence-based
management strategies and threatening region
aquaculture sustainability practices. The study aims to
conduct a preliminary ecological risk evaluation of
toxic element contamination at fish cage culture site in
Epe and Badagry Lagoons in Lagos, Nigeria. The
study will evaluate selected toxic elements levels in
environmental matrices and fish samples and assess
their ecological risk levels. The outcomes of this
research will promote the understanding of the
environmental status of the lagoons in a better way,
providing baseline data essential for policymakers,
environmental = managers, and  aquaculture
practitioners to implement sustainable practices and

pollution control measures.

MATERIAL AND METHODS
Study Area

The Epe Lagoon (6°29' 6.38” N and 3° 35’ 40” E) and
Badagry Lagoon (6°25'45” N and 26°0'43” E) which
are the locations of the study both fall within Lagos
State, South Western region of Nigeria as seen in
Figure 1. These two lagoons are connected and are
part of the estuarine system that spans across the
shores of Nigeria with its vast lagoons and creeks. Epe
lagoon has an extent of 243 km? and an averaged
depth of waters of around 1.80 meters (Olopade et al.,
2015) to complement the information. The Badagry
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lagoon is about the same distance from both entrances
as we go into the lagoons of Cotonu and Lagos ports.
On the southern border side is the Republic of Benin
which turns into Niger delta with depth of the watery
regions ranging between 1 to 3 m and stretch
approximately 60 km in length and 3 km in breadth
(Ndimele & Kumolu-Johnson, 2012). These lagoons
assist in supporting fishing that is undertaken in
Lagos state of the Nigeria and also serve as a transport
network for timber logs and even passengers to
various regions within the south western Nigeria. In
this research each of the locations is around 1.5 km

distance from each other.

ks iare N
Aaosho 7 IO opot
Lagos owmos  Laoe.
Mar -8g0s Lagoon
ol Mo
O Amuwo odonn, AR

Epe Lagoon
(]

Lagos Lagoon g

@ Badagry a5
Lagoon ol
Lighthouse Beach
Atlantic Ocean
Legend
@ Sample site
0 125 25 50 75 100 .
—— Kilometers Water body

Figure 1. Map of Badagry and Epe Lagoons (adapted
from Moruf, 2019)

Collection of Samples

Water, sediment and fish samples (Heteroclarias)
collected every month from November 2023 to April
2024 which represented dry season. A total of twenty
water samples were collected from six fish culture
sites/sampling points in both lagoons. During the time
of low tides, sediment samples were collected at the
depths of 10-15 cm in the dry season. Each of the
monthly water samples collected comprised of five
500 L samples collected at a geographical location
together with water samples collected using two non-
contaminated containers (5 mL) and concentrated hl.
Water, sediment and fish were also collected on the
sites of the lagoons. All the samples were in good
condition, marked and were put in sturdy plastic
bottles, then stored at 20°C before being dispatched to
the lab for tests.

Sample Preparation

In the laboratory, sediment samples were thawed
by allowing them to sit at room temperature for
approximately 24 hours. Subsequently, they were
dried in an oven set at 40°C, disaggregated, and sieved
using a 200 pm mesh sieve, as outlined by Gilli et al.
(2018). The sieved material was then homogenized
using a porcelain mortar and re-sieved. About 5 g of
the homogenized sediment was placed into Teflon
tubes, where 5 mL of aqua regia (prepared as a 3:1
mixture of concentrated hydrochloric acid [37%,
TraceMetal™,  Fisher  Scientificc, USA] and
concentrated nitric acid [69%, TraceMetal™, Fisher
Scientificc, USA]) was added for digestion in
accordance with the ISO 11466 method (Pueyo et al.,
2001).

For tissue samples, approximately 1 g was
precisely weighed using a scale with a decimal
resolution of 0.001 g. These samples were digested
with a mixture of 5 mL concentrated nitric acid (65%,
TMA, Hiperpure, PanReac, Spain) and 3 mL of 30%
hydrogen peroxide (Hiperpure, PanReac, Spain) in a
microwave-assisted digestion system (Ethos Plus;
Milestone, Sorisole, Italy). The digested solutions
were then transferred to polypropylene tubes and
diluted to 15 mL with ultrapure water (18.2 MQ-cm,
Milli-Q, Merck, Germany).

Elemental concentrations were quantified using an
inductively coupled plasma mass spectrometer (ICP-
MS, Thermo Scientificc Germany), following the
protocol by Dussubieux & Van Zelst (2004). The ICP-
MS settings included a radiofrequency power of 1.3
kW, plasma gas flow rate of 13 L min", auxiliary gas
flow rate of 0.7 L min’, nebulizer gas flow rate of 0.87
L min, peak jump scan mode, dwell time of 10 ms,
and three readings per repetition. Reagent blanks
were processed alongside each batch of 10 samples.
Stable isotopes such as 72Ge, 103Rh, and 205T1, at a
concentration of 50 pg L7, were added to both
calibration standards and sample solutions as internal

standards.

Total mercury content was measured using a cold
vapor atomic absorption spectrometer (CVAAS, with
Zeeman correction, Lumex RA-915+, Russia). The

accuracy of the analysis was assessed with the
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certified reference material DORM-3 (fish protein
certified reference material for trace metals, NRCC,
Canada), based on recovery rates of the analyzed

elements.

Ecological Risk Assessment

The ecological risk was evaluated by calculating three
indices: the contamination factor (CF), the enrichment

factor (EF), and the geo-accumulation index (Igeo).

Contamination Factor (CF)

It is based on the method proposed by Hakanson
(1980), was determined as the ratio of the
concentration of a specific element in surface sediment

to its average global concentration in the earth’s crust
(Eq. 1):

Cpoliutant
e — 1
Cbackground

where:

Cpoututant: Concentration of the pollutant in the

environment (sediment).

Chackgrouna: Reference or background concentration of

the pollutant.
CF values were categorized as follows:
e Low contamination: CF <1
e Moderate contamination: 1 < CF <3
e Considerable contamination: 3 < CF <6
e High contamination: CF>6

Enrichment Factor (EF)

It is calculated using the method described by
Sinex & Helz (1981), utilized iron (Fe) as the reference

element for normalization (Eq. 2):

I ) B =) N @)
where:

sample

Cm: Concentration of the metal of interest in the

sediment sample.

Crr. Concentration of a reference element i.e., Fe.

(Cm) : Ratio of the metal to the reference
Cref sample

element in the sample

(Cm) : Ratio of the metal to the reference
Cref/ packground

element in a background (uncontaminated)
environment, often using pre-industrial levels or a

reference site.
Interpretation of EF values:
e EF = 1: Indicates primarily natural origins.

e EF > 1: Suggests anthropogenic influence,

classified as:

- Minor enrichment: 1 <EF <2

- Moderate enrichment: 2 <EF <5

- Significant enrichment: 5 < EF < 20

- Very high enrichment: 20 < EF < 40

- Extremely high enrichment: EF > 40
Geo-accumulation Index (Igeo)
The Geo-accumulation Index, developed by Miiller

(1969), was employed to assess sediment

contamination relative to global shale values (Eq. 3):

loeo = lo82 (7537) Q

where C,: the measured concentration of the element

in the sediment;

B,: the geochemical background value; and the
constant 1.5 is introduced to analyze natural
variations of the background values in the
environment and to detect a minimal human-made

impact.
Igeo values were categorized as follows:
e Igeo <0: Uncontaminated

e 0 <Igeo < 1: Uncontaminated to moderately

contaminated
e 1<Igeo<2:Moderately contaminated

e 2 < Igeo < 3: Moderately to heavily

contaminated

e 3 <Igeo <4: Heavily contaminated
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e 4 < Igeo < 5@ Heavily to extremely

contaminated
e Igeo > 5: Extremely contaminated

Data Analysis

Statistical analyses were conducted using SPSS
software (version 20.0). Differences in element
concentrations among water, sediment, and fish
samples were evaluated using Duncan’s multiple
range test. Statistical significance was established at
P<0.05.

RESULTS

Toxic Elemental Level in Water, Sediment and Cage-

Cultured Fish

Toxic element levels in water, sediment, and
Heteroclarias harvested from a caged culture system in
Epe Lagoon is presented in Table 1. The sediment
exhibited the highest concentrations of arsenic (0.3537
+ 0.1318 mg kg), which were significantly greater
than those found in water (0.0071 + 0.0026 mg L) and
Heteroclarias (0.2390 + 0.0902 mg kg™). Similarly, boron
levels were most pronounced in sediment (0.1375 +
0.0242 mg kg™), whereas concentrations in water
(0.0027 + 0.0005 mg L") and Heteroclarias (0.0038 =+
0.0008 mg kg™) were considerably lower. Selenium

was also predominantly concentrated in sediment
(0.1540 + 0.0446 mg kg™), surpassing the amounts
observed in water (0.0031 * 0.0009 mgL™) and
Heteroclarias (0.0015 + 0.0006 mg kg™). In the case of
silicon, sediment showed markedly elevated levels
(22.4595 + 6.0508 mg kg™) compared to water (0.4492
+0.1210 mg L) and Heteroclarias (2.0699 + 0.6158 mg
kg™). Sulfur concentrations, although relatively low
across all samples, were still highest in sediment
(0.0333 +0.0105 mg kg™), significantly exceeding those
in water (0.0007 + 0.0002 mg L) and Heteroclarias
(0.0006 + 0.0004 mg kg™).

Table 2 presents the concentrations of the five toxic
elements in water, sediment, and Heteroclarias from a
caged culture system in Badagry Lagoon. Arsenic
concentrations were highest in sediment (0.4426 +
0.0731 mg kg?) and comparatively lower in water
(0.0089 +0.0015 mg L-*) and fish tissues (0.3001 + 0.0589
mg kg). Boron levels followed a pattern similar to
arsenic, with the highest concentrations in sediment
(0.1830 + 0.0372 mg kg') and lower levels in water
(0.0037 £ 0.0007 mg L-') and fish tissue (0.0047 + 0.0007
mg kg?). However, the differences between sediment
and other matrices were not significant (P > 0.05). All
other elements exhibited highest significant level in

sediment.

Table 1. Concentration of toxic elements in water, sediment and farmed fish harvested from caged culture site in

Epe Lagoon

Elements Water (mg L1)  Sediment (mg kg?) Heteroclarias (mg kg?)

Arsenic 0.0071+0.00262 0.3537+0.1318b 0.2390+0.09022
(0.0015-0.0159) (0.0735-0.7946) (0.0359-0.5702)

Boron 0.0027+0.00052 0.1375+0.0242° 0.0038+0.00082
(0.0012-0.0043) (0.0615-0.2145) (0.0013-0.0065)

Selenium 0.0031+0.00092 0.1540+0.0446° 0.0015+0.00062
(0.0010-0.0070) (0.0500-0.3486) (0.0003-0.0042)

Silicon 0.4492+0.12102 22.4595+0.0508> 2.0699+0.61582
(0.0983-0.8065) (4.9141-40.3237) (0.2746-4.7177)

Sulfur 0.0007+0.00022 0.0333+0.0105° 0.0006+0.00042

WHO (2017) recommended level in water

(0.0000-0.0010)

As (0.01 mg L1) B (2.4 mg L) Si (0.04 mg L), Se and S (Not available)

(0.0000-0.0500)

(0.000-0.0018)

Note: MeantStandard Dev.; values with different superscripts across row are significantly different at P < 0.05.

Arsenic (As), Boron (B), Selenium (Se), Silicon (Si), Sulfur (S)
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Table 2. Concentration of toxic elements in water, sediment and farmed fish harvested from caged culture site in

Badagry Lagoon

Elements Water (mg L1)  Sediment (mg kg) Heteroclarias (mg kg™)

Arsenic 0.0089+0.00152 0.4426+0.0731° 0.3001+0.0589°
(0.0036-0.0139) (0.1817-0.6935) (0.0819-0.4977)

Boron 0.0037+0.00072 0.1830+0.03722b 0.0047+0.0007=
(0.0025-0.0073) (0.1260-0.3638) (0.0027-0.0075)

Selenium 0.0020+0.00102 0.1007+0.0496P 0.0008+0.00032
(0.0010-0.0070) (0.0500-0.3486) (0.0003-0.0021)

Silicon 1.2441+0.5842> 62.2032+0.208P 4.8635+0.49872
(0.3623-4.1333) (18.113-206.667) (1.0123-11.550)

Sulfur 0.3512+0.35022 17.5587+17.5087> 0.0012+0.0004=

(0.0010-2.1020)

(0.0500-105.102)

(0.0000-0.0018)

WHO (2017) recommended level in water ~ As (0.01 mg L) B (2.4 mg L-*) Si (0.04 mg L-'), Se and S (Not available)

Note: Mean+Standard Dev.; values with different superscripts across row are significantly different at P < 0.05.
Arsenic (As), Boron (B), Selenium (Se), Silicon (Si), Sulfur (S)

Table 3. Bio-water accumulation factor (toxic elements) of Heteroclarias harvested from caged culture system in

Lagos, Nigeria
Elements Epe Lagoon Badagry Lagoon P-value
Arsenic 62.29+0.36 33.41+0.42 0.02*
Boron 1.50+0.35 1.35+0.12 0.18
Selenium 0.65+0.28 0.46+0.08 0.06
Silicon 5.37+0.65 5.03+0.24 0.10
Sulfur 0.60+0.38 0.90+0.40 0.50

Note: Mean+Standard Dev.; * significantly different at P <0.05

Table 4. Bio-sediment accumulation factor (toxic elements) of farmed fish species harvested from caged culture

system in Lagos, Nigeria

Elements Epe Lagoon Badagry Lagoon P-value
Arsenic 1.26+0.73 0.67+0.08 0.06
Boron 0.03+0.01 0.03+0.00 0.52
Selenium 0.01+0.01 0.01+0.00 0.56
Silicon 0.11+0.03 0.10+0.02 0.60
Sulfur 0.01+0.01 0.02+0.00 0.50

Note: MeantStandard Dev.; * significantly different at P < 0.05

Table 5. Ecological risk assessment (toxic elements) of caged culture system in Lagos, Nigeria

Elements Contamination Factor Enrichment Factor Index of Geo-accumulation
Epe Badagry Epe Badagry Epe Badagry
Arsenic 0.02721 0.03405 23.8123 29.7973 -5.784804 -5.461327
Boron 0.00138 0.00183 1.2034 1.6016 -10.091315 -9.678903
Selenium 0.25667 0.16783 224.6356 146.8884 -2.546995 -3.159861
Silicon 0.00031 0.00085 0.2693 0.7458 -12.251317 -10.781654
Sulfur 0.00001 0.00732 0.0121 6.4031 -16.722115 -7.679667

‘
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Bio-Accumulation Factors of Toxic Elements in

Caged-Culture Fish

The bio-water accumulation factor (BWAF) and
bio-sediment accumulation factor (BSAF) for the five
toxic elements in Heferoclarias are shown in Tables 3
and 4, respectively. Only the BWAF for arsenic was
significantly higher in Heteroclarias from Epe Lagoon
(62.29 + 35.79) compared to Badagry Lagoon (33.41 +
4.24) (P=0.02). The BSAF for arsenic was higher in Epe
Lagoon (1.26 + 0.73) than in Badagry Lagoon (0.67 +
0.08), with the difference approaching statistical
significance (P = 0.06). The BSAF values for boron,
selenium, silicon, and sulfur were consistently low

across both lagoons.
Ecological Risk Assessment of Toxic Elements in

Sediment from Cage Culture

Table 5 provides the ecological risk indices,
including the contamination factor (CF), enrichment
factor (EF), and index of geo-accumulation (Igeo), for
the five elements. Arsenic had the highest CF values,
with 0.03405 in Badagry Lagoon and 0.02721 in Epe
Lagoon. Boron, selenium, silicon, and sulfur exhibited
much lower CF values (<0.26), indicating minimal
contamination. Selenium had the highest EF in both
lagoons, particularly in Epe Lagoon (224.64). Arsenic
also showed substantial enrichment, with EF values of
23.81 in Epe Lagoon and 29.80 in Badagry Lagoon.
Boron, silicon, and sulfur demonstrated much lower
EF values (<7). All the elements had negative Igeo
values across both lagoons, indicating no significant
sediment contamination. Arsenic exhibited the
highest Igeo values among the elements (-5.46 in
Badagry Lagoon and -5.78 in Epe Lagoon), while
sulfur in Epe Lagoon had the lowest Igeo value
(-16.72).

DISCUSSION

The findings on the toxic elemental concentration
reveal clear distinctions between environmental
compartments and the farmed fish. The concentration
in sediment is substantially higher than in water and
Heteroclarias. The significantly elevated levels in
sediment (P < 0.05) align with sediment’s role as a sink

for metals, binding metal through adsorption and

precipitation (Usese et al, 2018). While boron,
selenium, silicon, and sulfur are essential for the
human body in trace amounts, exceeding their
recommended limits in water or diet can pose health
risks (WHO, 2017). Arsenic is purely toxic and should
be strictly monitored. The low elemental
concentrations in water imply limited mobility, and
hence, minimal risk of immediate bioavailability,
except in circumstances where environmental changes
might release these metalloids into the water (Hauser-
Davis & Wosnick, 2022). Similar trends have been
reported by Usese et al. (2020), who observed elevated
arsenic accumulation in sediments from contaminated
tropical Lagoon in Nigeria. Sediments serve as a
reservoir for heavy metals because of their strong
association with organic matter and fine particles
(Moruf et al., 2022).

Only the bio-water accumulation factor (BAF) for
arsenic was significantly higher in Heteroclarias from
Epe Lagoon compared to Badagry Lagoon, indicating
a greater propensity for bioaccumulation in fish from
Epe Lagoon. The elevated BAF values observed at
both locations reflect arsenic’s strong affinity for
biological tissues, consistent with findings by Usese et
al. (2019) and Zhang et al. (2022), who documented
similar trends in aquatic systems influenced by
anthropogenic  pollution. The higher arsenic
bioaccumulation in Epe Lagoon can be attributed to
environmental factors influencing arsenic mobility
and  bioavailability. =~ Sediment  composition,
particularly the organic matter content, plays a critical
role in arsenic binding and release. Sediments with
higher organic matter content, such as those found in
Epe Lagoon, can adsorb arsenic under oxidizing
conditions but release it under reducing conditions,
enhancing bioavailability (Usese et al., 2020). This is
compounded by the redox potential in the lagoon,
which can shift between oxidizing and reducing states
due to variations in water flow and oxygen levels,
thereby influencing arsenic speciation and its
subsequent uptake by aquatic organisms (Hussain et
al., 2019).

Additionally, trophic interactions may further
explain the elevated arsenic levels in Heteroclarias. As
an omnivorous species, Heteroclarias may consume

both benthic prey and particulate organic matter from
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sediments, which are primary reservoirs of arsenic.
Studies have shown that arsenic biomagnifies in food
webs where sediments act as a significant source of
contamination, particularly in ecosystems impacted
by anthropogenic activities such as agriculture,
wastewater discharge, and industrial runoff (Sarker et
al., 2022). The higher anthropogenic pressure on Epe
Lagoon compared to Badagry Lagoon may explain the
elevated arsenic concentrations in the biota. The lack
of significant differences in the bio-sediment
accumulation factor (BSAF) for arsenic and other
elements between the two lagoons suggests that
arsenic bioaccumulation in Heteroclarias is primarily
driven by direct uptake from the water column rather
than sediment ingestion alone. This aligns with
findings by Verma et al. (2023), who highlighted the
importance of aqueous arsenic speciation and its
interactions with organic and inorganic ligands in

determining bioaccumulation patterns.

Arsenic had the highest contamination factor (CF)
values among the elements. These values, though
relatively low, indicate a slight contamination. Similar
low CF values for arsenic have been reported in other
tropical aquatic systems (Ahamad et al., 2020), where
natural sources contribute predominantly to arsenic
levels. The low CF for sulfur in Epe Lagoon suggests
negligible sediment contamination, likely due to
sulfur’s reduced mobility under anaerobic conditions,
as noted by Rahim et al. (2021). Selenium had the
highest enrichment factor (EF) in both lagoons,
particularly in Epe Lagoon, highlighting significant
anthropogenic inputs. High selenium enrichment is
often linked to industrial discharges and agricultural
runoff. Boron, silicon, and sulfur demonstrated much
lower EF values, indicating their concentrations are
primarily influenced by natural geochemical
processes rather than human activities. All the
elements had negative index of geo-accumulation
(Igeo) values across both lagoons, indicating no
significant sediment contamination. Arsenic exhibited
the highest Igeo values among the elements,
suggesting minimal arsenic accumulation in
sediments. The negative Igeo values for all elements
differ from the findings of Audu et al. (2022) with
positive Igeo values in sediment pollution indices

from Niger State water bodies in Nigeria.

CONCLUSION

This study aimed to evaluate the ecological risks
associated with toxic elements, including arsenic,
boron, selenium, silicon, and sulfur, in fish cage
culture sites within the interconnected Epe and
Badagry Lagoons, Nigeria. The objective was to assess
their concentrations, enrichment levels, and potential
ecological impacts using contamination factor (CF),
enrichment factor (EF), and the index of geo-
accumulation (Igeo). The findings highlight selenium
as the most ecologically significant element, with
higher anthropogenic contributions, particularly in
Epe Lagoon. While the ecological risk assessment
reveals notable enrichment for selenium and arsenic,
the low CF and negative Igeo values indicate that
sediment contamination remains minimal in both
lagoons. However, the high EF for selenium
underscores the importance of addressing potential
anthropogenic sources to prevent long-term
ecological risks. To mitigate potential ecological and
public health threats, it is recommended to implement
regular monitoring programs for selenium and other
elements, particularly in regions with high
anthropogenic activities. These efforts will help
manage contamination sources and safeguard the

ecosystems and communities reliant on the lagoons.
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the harvest stress and quality of rainbow trout fillet kept at 4°C for 7 days. The fish
sample groups (weighed 200 g) included a control, a group anesthetized with clove
(750 mg/l) and a group anesthetized with tobacco (800 mg/l). The results showed
that anesthesia with tobacco and clove significantly affects blood lactate and glucose
(p<0.05). Fish anesthetized with clove showed less stress during harvesting. Also,
the amount of glucose and lactate in their blood was less than those anesthetized
with tobacco. There were also some significant changes in Thiobarbituric acid (TBA)
and Total Volatile Basic Nitrogen (TVB-N) parameters during the storage of samples
in the fridge. The lowest amount of Thiobarbituric acid, Total Volatile Basic
Nitrogen, mesophilic, and psychrophilic bacteria during the survey belonged to

samples treated with clove. The results also suggest that the fish anesthetized with

clove stayed fresh longer in the fridge.

INTRODUCTION

Seafoods are rich in proteins, fat-soluble vitamins,
and omega-9 polyunsaturated fatty acids, which are
very important in the human diet, in preventing and
controlling many diseases and helping to the
improvement of various disorders and complications
(Perez-Alonso et al., 2004). In many Asian countries,

seafood has an important role in people’s food basket

and more than 50% of animal protein is provided by
eating fish (Arannilewa et al., 2005). However, the
susceptibility of fish meat to post-mortem changes
and the high perishability of these products compared
to other meat products on the one hand, and the
increasing people’s awareness about the quality of
food products on the other hand, make it necessary to
pay more attention to the storage and correct
processing of these

products (Romiani &
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Khosravizadeh, 2017). Many factors such as species,
size, temperature, physical conditions, methods of
catching, processing, and storage affect the shelf life of
fish meat during storage (Chytiri et al, 2004).
Meanwhile, the methods of catching and killing can
play a significant role in changing the quality of fish.
The killing of fish by releasing in a dry environment
and suffocation, which is accompanied by a lot of
struggles, causes severe physiological changes like
reduction of adenosine triphosphate in muscle and
liver, and an increase in lactic acid in the fish body.
which
physiological changes before the death of the fish, can

Therefore, such activities cause severe
lead to the shortening of the time to complete the rigor
mortis process and cause qualitative changes in the
processed product (Maeda et al, 2014). Before
harvesting, stress affects blood and tissue indices.
Stressors stimulate the central nervous system, and as
a result, the hypothalamic-pituitary-internal axis is
activated and releases cortisol and catecholamines
into the bloodstream (Stoskopf & Posner, 2008).
Cortisol causes hyperglycemia during stress. Also,
more energy accumulation and consumption increase
muscle activity, anaerobic glycolysis, and plasma

lactate (Stoskopf & Posner, 2008).

The quality loss of fish meat after slaughter
includes changes in the color and texture, including
fragmentation and softening of muscles, weakening of
muscle fibers, and changes in water-holding capacity
(Erikson & Misimi, 2008). The studies show that
increasing the stress and activity of fish at the time of
death reduces the quality of fish and creates a suitable
environment for the growth of bacteria in the fish after
death (Gokoglu et al., 2004). For this reason, reducing
fishing stress is one of the important concerns of the
aquaculture industry. Efforts are being made to
ensure that killing the fish, which is one of the most
important stages affecting the quality of fish meat, is
done properly. Several methods are used to prevent
the intense movements of fish during the fishing
process, one of which is the use of anesthetic chemical
compounds (Maeda et al., 2014). Nicotine and related
alkaloids found in tobacco are generally known as
narcotics, and due to the low cost of tobacco and its
extensive cultivation in different countries, it can be a

suitable option for anesthetizing fish (Agokei &

Adebisi, 2010). The effect of cloves as an anesthetic on
reducing the cortisol level and stress response in

rainbow trout has been proven (Sink et al., 2007).

So, by considering the cost of chemical drugs and
their side effects on some chemical parameters of the
fish body, the importance of anesthesia before
harvesting, and the use of sustainable methods in
aquaculture, the aim of this study was the usage of
suitable herbal drugs as an alternative to chemical
compounds, to anesthetize the fish in a better way

before harvesting.

MATERIAL AND METHODS

In this study, 30 healthy rainbow trout (weighed
200+5 g), were randomly selected and divided into 3
groups: control, treatment 1 (clove (Eugenia aromatica)
powder 750 mg/l), and treatment 2 (tobacco (Nicotiana
rustica) powder 800 mg/l). After anesthetizing the fish
with clove and tobacco extracts, all of them were
caught by the suffocation method. Immediately after
the death, blood samples were taken from the heart
and after coagulation were centrifuged at 10,000 rpm
for 10 minutes. The amounts of glucose and lactate in
the serum were measured with the commercial kits
(Pars Azmoon Company) and auto-analyzer (model
Alycon 300, United States) (Lacerda et al., 2009). Then
the fish meat was kept in the refrigerator at 4°C for 7
days and the changes in thiobarbituric acid (TBA) and
total volatile nitrogen (TVB-N) parameters were
measured during storage (AOAC, 2002). For the
microbiological test, the skin of the fish was separated
in an aseptic condition. After preparing serial
dilutions, the total number of mesophilic bacteria and
psychrotrophic bacteria were determined by pour
plate method in Plate count agar medium (Merk) after
incubation at 37°C for 48 hours for mesophilic bacteria
and 7°C for 10 days for psychrotrophic bacteria
(Salari-Joo et al., 2012). Statistical analysis was done
using Minitab 16 software. After examining the
normality, data were analyzed by one-way ANOVA
followed by Tukey’s multiple comparisons test. A p-
value less than 0.05 was determined as a significant

difference.
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RESULTS

According to the results, the lactate level in the
serum of control samples was significantly higher
than the treatment groups (p<0.05). Also, the lactate
level in the blood of fish anesthetized with clove was

lower than those anesthetized with tobacco (Figure 1).
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Figure 1. Comparison of plasma lactate in different

groups (Con=Control, Clov=Clove, Tob=Tobacco)

In addition, there was a significant difference
between the level of plasma glucose in the control and
the treatment groups (p<0.05), and the level of glucose
in the blood of control samples was the highest. The
reduction of glucose level in the case of samples
treated with cloves was more than that of samples

treated with tobacco (Figure 2).
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Figure 2. Comparison of plasma glucose in different

groups

The results of TBA showed an increasing trend
from day 1 to day 7. The amount of TBA in the control
sample on the first day was significantly higher than
the clove sample (p<0.05), but its difference with the
tobacco sample was not significant (p>0.05). On the

fourth day, there was no significant difference

between the TBA values in the control and tobacco
groups, and despite the apparent difference, there was
no significant difference (p>0.05) in the case of the
clove and control groups. On the seventh day, there
was a significant difference between the amount of
TBA in the control and cloves, but no significant
difference was observed with tobacco. Therefore, it
can be concluded that anesthesia of fish can reduce the
TBA value during fish meat storage and compared to

tobacco, clove has a better effect on TBA reduction

(Figure 3).
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Figure 3. Comparison of TBA values of fish meat
samples in groups (C=control, CL=cloves, T=tobacco,
1=1st day, 4=4th day, 7=7th day)

According to the results of the TVB-N test, its value
has increased from day 1 to day 7. The amount of TVB-
N on the first day in the control sample was
significantly different from the clove and tobacco
samples (p<0.05). On the fourth and 7th days of meat
storage, a significant difference was observed between
TVB-N values in the control group and the clove and
tobacco groups (p<0.05). It can be concluded that
anesthetizing fish before harvesting can reduce the
amount of TVB-N production during meat storage
and clove compared to tobacco has a better effect in
reducing TVB-N value (Figure 4).

The results of microbial count showed that the
number of mesophilic bacteria increased from day 1 to
7, but this increase in the groups treated with cloves
and tobacco was significantly less than the control
group. The lowest number of mesophilic bacteria was

seen in the group treated with clove (Figure 5).
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Figure 4. Comparison of TVB-N values of fish meat
samples in groups (C=control, CL=cloves, T=tobacco,
1=1st day, 4=4th day, 7=7th day)
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Figure 5. Changes in mesophilic bacteria number in
fish meat samples during storage (C=control,
CL=cloves, T=tobacco, 1=1st day, 4=4th day, 7=7th
day)

L] o

Psychrophile log CFU/g
Y

C1 ol Ti 4 o4 T4 a7y o T?

Figure 6. Changes in psychrophilic bacteria number in
fish meat samples during storage (C=control,
CL=cloves, T=tobacco, 1=1st day, 4=4th day, 7=7th

day)

The number of psychrophilic bacteria also

increased from day 1 to 4 but then decreased in day 7.

This decrease, in the case of cloves and tobacco was
significantly more than the control group. The best
result in the reduction of psychrophilic bacteria in day

7 was for samples treated with clove (Figure 6).

DISCUSSION

Currently, because of the possibility of the negative
impact of chemical anesthetics and sedatives on fish,
their use has decreased (Summerfelt & Smith, 1990).
So, essential oils/extracts of different plants have been
studied for fish anesthesia. Most of these plants belong
to Lamiaceae, Verbenaceae, Lauraceae, and
Myrtaceae. In addition, menthol, linalool, myrcene,
cineole, globulol, spathulenol, guaiol, caryophyllene
oxide, terpinene-4-ol, and dehydrofukinone are herbal
compounds that their anesthetic effects have been
studied in fish. All tested herbal materials compared
with clove oil and eugenol (the most common herbal
anesthetic) are less efficacious to anesthetize fish
(Hoseini et al.,, 2019). Between the herbal plants,
tobacco and cloves have more stated criteria for a
suitable anesthetize. In addition, since tobacco and
clove extracts are plant compounds, it is expected to
be easily decomposed in the environment and have no
adverse environmental effects, also in comparison to
chemical drugs, they are more available and can be
provided at a cheaper price (Marking & Meyer, 1985).
Our study showed the effectiveness of these plants on

fish anesthetic and fish meat quality.

According to the results, there was a significant
difference in lactate level in serum between the control
and the treatment groups (p<0.05). The highest
amount of lactate was related to control samples and
the lowest amount was in treatments anesthetized
with cloves. In fact, by anesthetizing the fish with
cloves and tobacco before catching, the level of stress
in fish can be reduced and this leads to a decrease in
blood lactate. The effect of clove on lowering the
lactate level was greater than tobacco. In another
study, Stress blood indicators in the asphyxia group
were significantly higher than other two groups and
the control group that this is the same as the data
presented in the experiment expressed that fish of the
group received clove oil had significantly higher
quality and less stress response than other groups
(Rahmanifarah et al., 2010).
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According to the results, the highest amount of
glucose in serum was related to the control samples
and then samples treated with tobacco. The fish that
were anesthetized with clove had the lowest amount
of glucose in the serum. It can be said that by
anesthetizing the fish before catching, the stress level
of the fish reduced and this led to a decrease in blood
glucose. This result is in accordance with another
study that examined the stress response of anesthesia
and some quality indicators of common carp. In their
study, the lowest amount of glucose corresponds to
the samples treated with cloves, also the group that
received clove oil had significantly higher quality and
less stress response than the ice group (Moini et al.,
2011).

The results showed that in all samples, the TBA
value increased from day 1 to day 7. This may be due
to an increase in free iron and peroxides in the muscle.
Aldehydes can be produced as a secondary oxidation
product from the breakdown of hydroperoxides,
which can be a reason for the increasing trend of
hydroperoxides (de Azevado Gomes et al., 2003).
However, the TBA index may not express the real
degree of oxidation and these reactions change to a
great extent according to fish species (Aubourg, 2000).
Our results also showed that during storage there was
no significant difference in the TBA value of the
control sample and samples treated with tobacco but
clove had a better influence on reducing TBA value
and the amount of TBA in samples treated with clove
was lowest among other samples. Studies have shown
that the conditions before the slaughter of fish
significantly affect the TBA content of meat, which
confirms the trend of changes in the results of this
study (Lago et al., 2010).

Our study showed an increasing trend in TVB-N
value in all samples. According to other studies,
during the storage period of fish meat in the
refrigerator, a significant increase in the TVB-N
content was observed (Duran et al., 2008). TVB-N is
mainly produced by the decomposition of proteins
and non-protein nitrogenous compounds by bacterial
and enzymatic activities. The increase in this factor
during storage can be related to the increase in the
microbial load of meat (Gram & Huss, 1996). Our

results also showed that during storage TVB-N value

in the control sample was significantly (p<0.05) higher
than in samples treated with clove and tobacco. In fact,
anesthetizing fish before harvesting by clove and
tobacco due to their antimicrobial effect reduces TVB-
N production during meat storage. Compared to
tobacco, clove had better reduction influence.
Antimicrobial effects can affect the amount of TVB-N
production and keep it at an acceptable level (30
mg/100 g) for fish meat (Ozyurt et al., 2009). The
values obtained for TVB-N in this study were
consistent with the results of other researchers (Ojagh

et al., 2010).

In all samples, the number of mesophilic bacteria
increased from day 1 to 7. Fish meat has a low amount
of carbohydrates and a small amount of lactic acid
which are factors that influence the growth of spoilage
bacteria. On the other hand, the presence of non-
protein nitrogenous compounds such as free amino
acids and nucleotides has turned fish meat into a
suitable substrate for the growth of microorganisms
(Gram & Huss, 1996). According to our results, the
increase in the mesophilic bacteria in groups treated
with cloves and tobacco was significantly less than the
control group, and the lowest number of mesophilic
bacteria was seen in group treated with clove. Cloves
and tobacco also had an effect on the number of
psychrophilic bacteria and the influence of clove on
the reduction of psychrophilic bacteria was greater
than tobacco. In fact, because of the anesthetic
property of cloves, at the time of death, fish activity
decreases and the quality of the final product becomes
higher than the control treatment. In cases where
anesthesia is not applied, increasing the stress and
activity of the fish at the time of death will provide a
suitable environment for the growth and
multiplication of bacteria in the fish body after death,
and the quality of the fish will decrease and spoilage

will occur sooner (Gokoglu et al., 2004).

Traditional medicines based on plant extracts have
been extensively utilized in humans and animals as
remedies to control diseases. Their constituents have
antibacterial, antifungal, antioxidant, anti-
inflammatory, anthelminthic, and digestive medicinal
properties. As aquaculture fish are intended for
human consumption, it is important to search for new

compounds that besides having anesthetic potential
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increase the safety of their products. Anesthetic agents
are compounds that are widely used to ensure fish
welfare, reduce stress and avoid inflicting pain during
handling and health interventions. As interest in
natural anesthetic products has increased, essential
oils and extracts derived from medicinal plants due to
their low cost, easy accessibility, efficacy, and
environmental safety can be alternative options for
fish anesthesia. So, it is necessary to search for new
natural compounds with commercial interest and

anesthetic effects (Golomazou et al., 2016).

CONCLUSION

In this study, the experiments conducted on the
biochemical factors of blood serum in rainbow trout
showed that the stress and also the amount of glucose
and lactate in the samples anesthesia with clove were
lower and the quality of fish samples during storage
was better. In fact, spoilage indices like TBA, total
volatile nitrogenous bases, psychrophilic and
mesophilic bacteria had the lowest amount in clove-
treated samples and after clove, tobacco had the best
result in fish quality. So, due to the characteristics of
these two plants such as availability, low cost,
compatibility with the environment, safety for human
consumption compared to chemical substances, and
sustainability in aquaculture, they can be considered
as effective and desirable aesthetic substances for

keeping the quality of fish meat during storage.

ACKNOWLEDGEMENTS

This study is a part of DVM thesis of the second
author. We acknowledge the IAU for the support of

this research.

Compliance with Ethical Standards

Authors’ Contributions

SB: Investigation, Writing - original draft,
Methodology

AP: Conceptualization, Supervision
EC: Formal Analysis, Writing — review & editing
SSC: Writing — review & editing

All authors read and approved the final manuscript.

Conflict of Interest

The authors declare that there is no conflict of interest.

Ethical Approval

All applicable international, national, and/or
institutional guidelines for the care and use of animals
were followed. The IAU Ethics Committee has
approved the research with 1403/30 ethical approval
number on February 22, 2025.

Funding

Not applicable.

Data Availability

The data that support the findings of this study are
available from the corresponding author upon

reasonable request.

Al Disclosure

The authors confirm that no generative Al was used
in writing this manuscript or creating images, tables,

or graphics.
REFERENCES

Agokei, O. E., & Adebisi, A. A. (2010). Tobacco as an
anesthetic for fish handling procedures. Journal
of Medicinal Plants Research, 4(14), 1396-1399.

AOAC. (2002). Official methods of analysis of the
Association of the official Analysis Chemists.
Association of Official Analytical Chemists
(14th ed.), Washington, DC.

Arannilewa, S. T., Salawu, S. O., Sorungbe, A. A, &
Ola-Salawu, B. B. (2005). Effect of frozen period
on the chemical, microbiological and sensory
quality of frozen tilapia fish (Sarotherodun
galiaenus). African Journal of Biotechnology, 4(8),
852-855.  https://doi.org/10.5897/A]B2005.000-
3171

Aubourg, S. P. (2000). Assessment of antioxidant

effectiveness on thermally treated marine
Lipids by fluorescence detection. European Food
Research  and  Technology, 211, 310-315.
https://doi.org/10.1007/s002170000163



https://doi.org/10.5897/AJB2005.000-3171
https://doi.org/10.5897/AJB2005.000-3171
https://doi.org/10.1007/s002170000163

Broumand et al. (2025) Acta Natura et Scientia 6(1), 12-19

/Q, ACTANATURA ET SCIENTIA

Chytiri, S, N., &
Kontominas, M. G. (2004). Microbiological,

chemical and sensory assessment of iced whole

Chouliara, I, Savvaidis, L

and filleted aquaculture rainbow trout. Food
Microbiology, 21(2), 157-165.
https://doi.org/10.1016/S0740-0020(03)00059-5
de Azevado Gomes, H. A., da Silva, E. N.,, do
Nascimanto, M. R. L., & Fukuma, H. T. (2003).
Evaluation of the 2- thiobarbituric acid method

for the measurement of lipid oxidation in
mechanically deboned gamma irradiated
chicken meat. Food Chemistry, 80(3), 433-437.
https://doi.org/10.1016/S0308-8146(02)00499-5

Duran, A., Erdemli, U., Karakya, M., & Yilmaz, T. M.

(2008). Effects of slaughter methods on
physical, biochemical and microbiological
quality of rainbow  trout Oncorhynchus

mykiss and mirror carp Cyprinus carpio filleted
in pre-, in- or post-rigor periods. Fisheries
Science, 74(5), 1146-1156.
https://doi.org/10.1111/j.1444-2906.2008.01634.x
Erikson, U., & Misimi, E. (2008). Atlantic salmon skin

and fillet color changes effected by perimortem

handling stress, rigor mortis, and ice storage.
Journal  of Food  Science, 73(2), 50-59.
https://doi.org/10.1111/j.1750-3841.2007.00617.x
Gokoglu, N., Yerlikaya, P., & Cengiz, E. (2004). Effects
of cooking methods on the

proximate
composition and mineral contents of rainbow
trout (Oncorhynchus mykiss). Food Chemistry,
84(1), 19-22.  https://doi.org/10.1016/S0308-
8146(03)00161-4

Golomazou, E., Malandrakis, E. E., Kavouras, M.,
Karatzinos, T., Miliou, H., Exadactylos, A., &

(2016).
genotoxic effect of medicinal plant extracts in
gilthead (Sparus  aurata  L.).
Aquaculture, 464, 673-682.
https://doi.org/10.1016/j.aquaculture.2016.08.017

Gram, L., & Huss, H. H. (1996). Microbiological
spoilage of fish and fish products. International
Journal of Food Microbiology, 33(1), 121-137.
https://doi.org/10.1016/0168-1605(96)01134-8

Hoseini, S. M., Taheri Mirghaed, A., & Yousefi, M.
(2019). Application of herbal anaesthetics in

Panagiotaki, P. Anaesthetic and

seabream

aquaculture. Reviews in Aquaculture, 11(3), 550-
564. https://doi.org/10.1111/raq.12245

Khosravizadeh M., & Romiani, L. (2019). Comparing
chemical composition, textural and color
properties of (Acanthopagrus morrisoni) under
modified atmosphere packaging at -18°C,
Journal of Marine Science and Technology, 17(4),
10-21. https://doi.org/10.22113/jmst.2017.50241

Lacerda, L. A., Oliveira, S. T., Pedralli, V., & Gonzalez,
F. H. D. (2009). Glucose and Lactate in Canine
Serum and NAF/EDTA-NA: Plasma samples:

Implications of storage time. World Small

Animal Veterinary Association World Congress
Proceedings, Sao Paulo, Brazil.

Lago, H., Pena, ]J., & Aubourg, S. P. (2010). Effect of
Slaughtering conditions on Lipid damage of
chilled farmed turbot (Psetta maxima) muscle.
Grasas Y 61(3), 312-320.
https://doi.org/10.3989/gya.123009

Maeda, T., Yaguchi, S., Fukushima, H., Harada, K., &
Fukuda, Y. (2014). Post-catch fish handling for
high quality fish products. Journal of National
Fisheries University, 62(4), 155-158.

Marking, L. L., & Meyer, F. P. (1985). Are better
anesthetics needed in fisheries? Fisheries, 10(6),
2-5. https://doi.org/10.1577/1548-
8446(1985)010%3C0002: ABANIF%3E2.0.CO;2

Moini, S., Mouloodi, Z., & Shabanpour, B. (2011).

Effects of stunning by ice and clove oil, and

Aceites,

asphyxia on stress responses and quality
indicators in common carp (Cyprinus carpio).
Journal of Fisheries, 64(2-2), 153-162.

Ojagh, S. M., Rezaei, M., Razavi, S. H., & Hosseini, S.
V. (2010). Effect of chitosan coatings enriched
with cinnamon oil on the quality of refrigerated
rainbow trout. Food Chemistry, 120(1), 193-198.
https://doi.org/10.1016/j.foodchem.2009.10.006

Ozyurt, G., Kuley, E., Ozkiitiik, S., & Ozogul, F. (2009).
Sensory,

microbiological ~and  chemical

assessment of the freshness of red mullet

(Mullus  barbatus) and goldband goatfish
(Upeneus moluccensis) during storage in ice. Food
Chemistry, 114(2), 505-510.

https://doi.org/10.1016/j.foodchem.2008.09.078

18


https://doi.org/10.1016/S0740-0020(03)00059-5
https://doi.org/10.1016/S0308-8146(02)00499-5
https://doi.org/10.1111/j.1444-2906.2008.01634.x
https://doi.org/10.1111/j.1750-3841.2007.00617.x
https://doi.org/10.1016/S0308-8146(03)00161-4
https://doi.org/10.1016/S0308-8146(03)00161-4
https://doi.org/10.1016/j.aquaculture.2016.08.017
https://doi.org/10.1016/0168-1605(96)01134-8
https://doi.org/10.1111/raq.12245
https://doi.org/10.22113/jmst.2017.50241
https://doi.org/10.3989/gya.123009
https://doi.org/10.1577/1548-8446(1985)010%3C0002:ABANIF%3E2.0.CO;2
https://doi.org/10.1577/1548-8446(1985)010%3C0002:ABANIF%3E2.0.CO;2
https://doi.org/10.1016/j.foodchem.2009.10.006
https://doi.org/10.1016/j.foodchem.2008.09.078

Broumand et al. (2025) Acta Natura et Scientia 6(1), 12-19

/Q ACTANATURA ET SCIENTIA

Perez-Alonso, F., Aubourg, S.P.,, Rodriguez, O., &
Barros- Velazquez, J. (2004). Shelf life extension
of Atlantic pomfret (Brama brama) fillets by
packaging under a vacuum- skin system.
Journal of food Research Technological, 218, 313-
317. https://doi.org/10.1007/s00217-003-0831-z

Rahmanifarah, K., Moloodji, Z., Moini, S., Shabanpour,
B., Shabani, A.,, & Imanpour, M. R. (2010).

Effects of COy, clove oil stunning procedure and

asphyxia on meat quality in common carp
(Cyprinus carpio). Journal of Veterinary Research,
65(4), 301-306.

Salari-Joo, H., Kalbassi, M. R., & Abdollahzadeh, E.
(2012). Effect of silver nanoparticles on bacterial
flora of rainbow trout (Oncorhynchus mykiss)
skin. Journal of Oceanography, 3(11), 83-90.

Sink, T. D., Strange, R. J., & Sawyers, R. E. (2007).
Clove oil used at lower concentrations is less
effective than ms-222 at reducing cortisol stress
responses in anesthetized rainbow trout. North
American journal of Fisheries Management, 27(1),
156-167. https://doi.org/10.1577/M05-103.1

Stoskopf, M., & Posner, L. M. (2008). Anesthesia and
restraint of laboratory fish. In R. E. Fish, M. ].
Brown, P. J. Danneman & A. Z. Karas (Eds.),
Anesthesia and analgesia in laboratory animals (pp.

519-533). Academic press.
https://doi.org/10.1016/B978-012373898-
1.50025-5

Summerfelt, R. C., & Smith, L.S. (1990). Anaesthetic
surgery and related Techniques. In C. B. Shreck
& P. B. Moyle (Eds.), Methods for biology (pp.
213- 237). American Fisheries Society.

19


https://doi.org/10.1007/s00217-003-0831-z
https://doi.org/10.1577/M05-103.1
https://doi.org/10.1016/B978-012373898-1.50025-5
https://doi.org/10.1016/B978-012373898-1.50025-5

Acta Nat. Sci. (2025) 6(1): 20-31 Review Article

DOI: 10.61326/actanatsci.v6i1.323
e-ISSN: 2718-0638

info@actanatsci.com
www.actanatsci.com

ACTANATURA ET SCIENTIA

Sanatsal Bir Bakis Acisi ile Yapay Resifler

flhan Kaya!™

* Muhammet Hanifi Zengin?

1 Atatiirk University, Faculty of Fine Art, Department of Sculpture, Erzurum, Tiirkiye, ilhankaya888@gmail.com
2 Kafkas University, Kazim Karabekir Technical Sciences Vocational School, Department of Architecture and Urban Planning,
Architectural Restoration Program, Kars, Tiirkiye, muhammethanzengin@hotmail.com

1 Corresponding Author: ilhankaya888@gmail.com

Please cite this paper as follows:
Kaya, I, & Zengin, M. H. (2025). Sanatsal Bir Bakis Agisi ile Yapay Resifler. Acta Natura et Scientia, 6(1), 20-31.
https://doi.org/10.61326/actanatsci.v6i1.323

MAKALE BIiLGIisSi

OZET

Makale Gegmisi
Gelis: 17.12.2024

Diizeltme: 24.03.2025

Kabul: 25.03.2025

Cevrimigi Yaymlanma: 28.03.2025

Anahtar Kelimeler:
Yapay resif
Sanat

Heykel

Su alti miizesi
Dalis turizmi

Yapay resifler, deniz ekosistemlerini restore etmek, biyocesitliligi artirmak ve
stirdiirtilebilir bir ¢evre olusturmak igin gelistirilen yenilik¢i ve insanoglunun son
ylizyllda buldugu en 6nemli bulustur. Yapay resiflerin su ortaminda yasayan
tlirlerin devamliligs, siirdiiriilebilir balik¢ilik faaliyetleri ve gevresel etkilerinin yani
sira agikca gozlemlenebilen sosyo-ekonomik faydalar1 vardir. Yapay resif
olusturulurken kullanilacak malzemenin, dayarukliliginin uzun stireli olmasi,
toksik maddeler bulundurmamas: ve ekonomik olmasi gibi bir takim 0&zel
standartlar1 olmasinin yaninda yenilik¢i ve farkli bakis agilari ile gelistirilmis olmast
ekosisteme katki saglayabilecegi gibi insan hayatina da dokunabilecektir. Bu
baglamda notr pH saglayan beton tiirleri ve geri doniistiiriilebilir malzemelerin
kullanimi, projelerin gevresel etkisini azaltabilecegi gibi disiplinler arasi is birligine
dayal1 yapay resif projeleri, sanatin insan ve doga arasindaki iliskiyi gii¢lendirme
potansiyelini daha da artiracaktir. Boylece hem ekosistemlerin korunmasina hem de
insanlar1 c¢evresel siirdiiriilebilirlige tesvik eden bir biling yaratmaya hizmet
edebilecektir. Ayrica yapay resiflerin sanatsal, ekolojik ve toplumsal faydalarinin bir
araya getirildigi projeler, gelecekte cevresel koruma ve kiiltiirel iiretim arasinda

daha giiglii baglar kurulmasi i¢in ilham kaynag1 olacaktir.
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Artificial reefs are the most innovative and important invention of mankind in
the last century, developed to restore marine ecosystems, increase biodiversity, and
create a sustainable environment. Artificial reefs have observable socio-economic
benefits in addition to the continuity of species living in the aquatic environment,
sustainable fishing activities, and environmental effects. In addition to the special
standards of the material to be used when creating an artificial reef, such as long-
term durability, not containing toxic substances, and being economical, being
developed with innovative and different perspectives can contribute to the
ecosystem and touch human life. In this context, using concrete types that provide
neutral pH and recyclable materials can reduce the environmental impact of
projects, and artificial reef projects based on interdisciplinary collaboration will
further increase the potential of art to strengthen the relationship between humans
and nature. Thus, it can serve both the protection of ecosystems and the creation of
a consciousness that encourages people towards environmental sustainability. In
addition, projects that bring together the artistic, ecological, and social benefits of
artificial reefs will inspire the establishment of stronger ties between environmental

protection and cultural production in the future.

GIRiS

Gliniimiizde kiiresel 1sinma, niifus artisi, ¢evresel
faktorler ve av baskis: su habitatindaki dogal yasami
olumsuz yonde etkilemektedir. Su canlilarinin
ekosistemlerindeki varliklarint muhafaza edebilmek
ve tiirlerin devamliligini saglayabilmek icin 21.
ylizyilda insanoglunun gelistirdigi en 6nemli bulus
olarak yapay resifler karsimiza ¢ikmaktadir. Yapay
resifler, deniz ekosistemlerini restore etmek,
biyogesitliligi artirmak ve siirdiiriilebilir bir gevre
olusturmak icin gelistirilen yenilik¢i projelerdir.
Ayrica yapay resiflerin su ortaminda yasayan tiirlerin
devamliligy, siirdiiriilebilir balik¢ilik faaliyetleri ve
cevresel etkilerinin yani sira agik¢a gozlemlenebilen
sosyo-ekonomik faydalari vardir. Balik stoklarinin
yasa disi balikgilik faaliyetlerinden korunmasina,
egitim ve eglence firsatlarinin yani sira ticari amagh
kabuklu  deniz

yetistirilmesinde ek alt tabaka saglarlar. Yapay

cesitli urlinleri  tirlerinin
resiflerin balik tiirlerinin iiretkenligini gercekten
arttirip arttirmadigt konusunda ihtilaflar olmasinin
yan1 sira Kuzey-Dogu Atlantik Deniz Cevresinin

Korunmasi Sozlesmesi (OSPAR) komisyonuna gore

yapay resifler; sadece baliklarin belirli bolgelerde
yogun habitat olusturmasini saglamakta ve hatta
yakalanmalarin1  kolaylagtirmaktadir. Benzer bir
yaklasimla su ortaminda ova halinde olan kumlu
alana resif yerlestirmenin biyolojik gesitliligi arttirdig:
iddiast da konunun bazi uzmanlar1 tarafindan
desteklenmemektedir. Kumlu bir alt katman ile iligkili
biyolojik cesitliligin kayalik bir resifle degistirilmesi
ve kumlu dip tiirleri i¢cin 6nemli olan bu alanin aslinda
olumsuz etkisi olabilecegi ihtimali her zaman
mevcuttur. Bunun en bariz 6rneklerini kum girlan
(Donax trunculus) ve akivades (Ruditapes decussatus)
gibi kabuklu tiirlerinin yan1 sira kalkan (Scophthalmus
maximus), dil (Solea solea) ve pisi (Platichthys flesus) gibi
alanlarmin  ortadan

yasst  baliklarin  yasam

kaldirilmas1  olarak  degerlendirilebilir. ~ Ayrica
resiflerin kurulumu agsamasinda yapilan hatalarinda
dogrudan olumsuz etkileri olabilmektedir. Resiflerin
yeterince saglam olmadig1 durumlarda pargalanabilir
olmalarinin yagsam ortami yaratmak yerine denizde
¢op olarak kirlilik sorununu artirma riski mevcuttur.
Yapay resiflerin olasi olumsuz etkileri planlama ve
uygulama agsamasinda yapilacak dogru islemlerle

asgari diizeye indirilebilir (OSPAR, 1999). Oncelikli
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olarak habitati

korumay1 amaglayan yapay resifler, daha once

yeniden canlandirmay1 ve/veya
bozulmus veya kaybolan habitatlarla iliskilendirilen

kurulmalidir.
yapay
uygulamalarinda en uygun se¢im dogal resiflerin

islevlerin yerine gecmek {izere

Restorasyon amaci resif

giiden
taklit edilmesi olacaktir. Habitat desteklemesi ve
genisletmesi c¢alismalar1 genellikle saglikli ve dogal
habitatlara sahip alanlarda yapilir. Yapay resifin
amaci; iglevleri ne olursa olsun habitatlar
desteklemek ve en fazla baliga ev sahipligi yapan
habitatlar

kompozisyonundan bagimsiz olarak en yiiksek

olusturmaksa, popiilasyon
popiilasyon yogunluguna ve biyokiitleye sahip
yapilar uygun se¢im olacaktir. Bununla birlikte
habitat

mevcut ortamin islevini taklit eden habitatlar kurarak

desteklemesi ve genisletmesinin amaci,
mevcut ortamlari desteklemek igin restorasyonda
kullanilanlara benzer diger yapilar da dikkate
alinmalidir (Lemoine vd., 2019). Bu siirecte sanat,
cevresel koruma ve toplumsal farkindalik yaratma
igin gliclii  bir mekanizma olarak karsimiza
c¢ikmaktadir. Basta heykel sanatcilari olmak {izere
konuya duyarlh sanatcilar; bilim  insanlari,
miihendisler ve ¢evre uzmanlariyla is birligi yaparak,
yapay resiflerin estetik ve ekolojik islevlerini optimize
eden yaratic1 ¢oziimler sunabilirler. Disiplinler arasi is
birligiyle ortaya cikacak bu projeler, yapay resiflerin
tasarim, kullanim

uygulama ve stireclerini

dontstiirtip, cevre bilincini ve yaygin etkisini
artirabilirler. Su altt sanat miizeleri ve yapay resif
projelerinde kullanilan estetik ve islevsellik odakli
dalis

olusturmaktadir. Bu miizeler mercan resifleri ve deniz

tasarimlar turizmi igin yeni bolgeler

ekosistemleri i¢in hayati habitat alanlarin gelistirme
amagcli ¢alismalar olarak onemlidir. Bu gerekgelerle,
yapay
birlestirilerek  yapilmis

bu c¢alismanin amacy; resiflerin sanatsal

yapilarla olanlar ile
mukayeseli bir sekilde yapilacak olan resiflere farkl

bir bakis agis1 getirerek katki saglamaktir.

YAPAY RESiF AMACLI YAYGIN OLARAK

KULLANILAN MATERYALLER
Yapay resifler, dogal resiflerin tahrip oldugu

bolgelerde ekosistemleri desteklemek, biyocesitliligi

artirmak, balikgilig1 gelistirmek ve dalis turizmini

tesvik etmek gibi cesitli amaclarla kullanilan insan
yapimu yapilardir. Avrupa Yapay Resif Arastirma Ag:
(EARRN) yapay resifleri “deniz tabani iizerine kasitl
olarak yerlestirilmis dogal bir resifin bazi ozelliklerini taklit
eden batik bir yapidir” seklinde tanimlamaktadir (Baine,
2001). Kiy1 bolgelerinde kullanimlarin yam sira,
balik¢ilik verimi, {iretimi ve yonetimi, rekreasyonel
dalis ve trol avcaliginin onlenmesi gibi amagclar:
yapay
malzemelerinin basinda; kiipler, bloklar ve borular

vardir. En c¢ok tercih edilen resif

dahil olmak iizere beton muhteva eden materyaller
gelmektedir. Beton ayni zamanda gemiler, tas ocagi
kayasi, lastikler ve plastik gibi diger resif
malzemeleriyle birlikte de kullanilmaktadir. Dogal tas
ve kaya bir sonraki tercih edilen malzemedir (Baine,
2001). Bircok tilke,

korunmasi,  deniz

balikgilik  kaynaklarmin
ekolojisinin  iyilestirilmesi,
biyocgesitliligin gelistirilmesi i¢in yapilan resif insasin
kamu refahi agisindan da ele almaktadir. Ge¢gmiste,
yapay resifler olusturmak i¢in menfez borulari, beton
kaziklar, arabalar, batik gemileri ve lastikler dahil
olmak tiizere bir¢ok farkli nesne kullanilmistir. Yapay
resifler, cevresel deniz

genellikle restorasyon,

canlilarina yasam alami saglama ve deniz
ekosistemlerinin korunmasi amaciyla insa edilmesine
ragmen dogal malzemeler yerine yapay veya sentetik
malzemeler kullanildiginda ¢esitli olumsuzluklar
ortaya cikabilir. Bu sorunlar, malzemenin cevresel
uyumlulugu, toksisite potansiyeli ve ekosistemle
etkilesimi gibi faktorlere baghdir. Deniz ekosistemine
uygun olmayan malzemelerle yapilan resiflerin
potansiyel olumsuzluklari hem ekosistem hem de
toplum igin Onemli riskler tagmaktadir. Bu tiir
malzemeler, c¢evresel siirdiiriilebilirligi saglama
amacini zayiflatabilir ve deniz ekosistemlerine zarar
verebilir. Yapay malzemelerin se¢imi yapilirken
cevresel etkiler ve ekosistemle uyum dikkate alinmali
ve cevre dostu alternatifler tercih edilmelidir. Dalis
desteklemek

mercanlarin bulunmadigi veya yeterli olmadigi, deniz

turizmini amactyla, ozellikle
suyunun temiz ve berrak olmadigi alanlarda yapay
resifler olusturulmaktadir. Ancak bu girisimlerin
bazilar1 olumsuz sonuglara yol agabilmektedir.
Ornegin, plastik gibi geri doniistiiriilmesi zor atiklarin
denize rastgele birakilmasi, ¢evresel zararlarin en sik

kargilagilan Orneklerindendir. 1970’lerde Amerika
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Florida” da sonucu bir felaket olacak binlerce otomobil

lastiklerinin okyanusa atilmasi gibi ¢ok koti

orneklerde yasanmuistir (Sekil 1).

Figure 1. Car tires were dumped on the ocean floor in
Florida to create an artificial reef in 1972 (Anonim,
2024a)
Sekil 1. 1972'de Florida'da yapay resif olusturma amagl
okyanus tabanina otomobil lastiklerinin atilmas: (Anonim,
2024a)

Dalis turizmi ve cazip su alt1 noktalar: olusturmak
amaciyla eski gemi ve benzeri tasitlarin batirilmas: da
yaygin bir uygulamadir. Her ne kadar bu tiir yapay
resifler bazen ¢evresel sorunlara neden olsa da olumlu
sonuglarin elde edildigi 6rnekler de bulunmaktadir.
Zamanla mercan tiirlerinin gelistigi ve dogal bir resif
goriiniimiine  kavugan bu yapilar, cevresel
restorasyon ve biyolojik cesitliligin artis1 agisindan
basarili bir model haline gelebilmektedir. Bu durum,
yapay resiflerin tasarim ve uygulama siireclerinde
dikkatli planlama ve gevreye duyarli malzemelerin
kullanimimin 6nemini vurgulamaktadir (Becer &
Toslak, 2018). Son yillarda, Giiney Kore, Japonya ve
Amerika Birlesik Devletleri gibi kiy1 tilkeleri, kiyi
seridi korumasi, liman istikrari, yenilenebilir enerji
kullanim1 ve rekreasyon icin yapay resifleri agik deniz
yapilariyla birlestirmeye baslamistir. Bu yapilarin
gelecekte daha verimli kullanilmasi i¢in ve birden
fazla isleve sahip resiflerin gelistirilmesi igin
calismalar yapilmaktadir. Deniz tabanina oturtulan
yapay resifleri kiy1 {ilkeleri deniz ciftli§i projelerini
gelistirmek i¢in yaygin olarak kullanmaktadirlar (Pan
vd., 2022). Giiney Kaliforniya kiyilarindaki yapay resif
olusturmada prefabrik beton barinaklar, araba
govdeleri ve tramvaylar kullanilmistir. Kaliforniya
Balik ve Av Hayvanlar1 Departman: aktif olarak

1958’den bu yana kayadan resifler insa etmektedir.

Kayadan insa edilen resifler beton barmaklar ile
karsilastirildiginda ikinci sirada olmasina ragmen
dogal olmasi nedeni ile tercih edilen Snemli resif
malzemesidir. Kayanin daha iyi bir malzeme olarak
goriilmesinin nedenleri maliyet, kullanim kolaylig1 ve
Ozellikle baliklar ic¢in cezbedici olmasidir. Mevcut
olarak

uygulamalar karsilastirmali

degerlendirildiginde diger resif malzemelerine
nazaran kayalardan olusturulan resifler ¢evresinde
daha az asmnma ve ¢okelme olusumundan dolay:
avantajlidir. Kaliforniya’da tas ocagi kayalarindan
insa edilen yapay kaya resifleri ile dogal kaya resifleri
ve yosun ormanlar1 arasindaki balik yogunluklarinin
karsilastirildigr calismalarda, balik poptilasyonlarinin
yogunlugunun yapay kaya resiflerinde 6nemli 6l¢iide
daha yiiksek oldugu belirlenmistir. Bu nedenle Giiney
Florida’daki yapilan uygulamalarda yapay resif
gelisimi igin tas ocagindan ¢ikarilan kiregtas:
kullamilmaya baslanmistir (Bell vd., 1997). Giiney
Florida’ya yakin bir bolge olan Grenada adasi igin
yapay
girisimlerde kullanilan ¢imento blok yapili piramit

resif fidanlig1 gelistirmeye yonelik ilk
yapay resif tasarimi, dis ve i¢ ylizey alani arasinda
denge kurarken, mercan algleri ve mercan larvalar:
i¢in ideal bir tutunma ylizeyi saglamistir (Sekil 2).
Yiiksek i¢-dis yiizey alaninin dengeli bir organizma
alimi1 sagladigini ve istiflenmis kayalarla degisen
balik

goriilmiistiir. Kullanilan ¢imento bloklar1 gibi ig

yiiksekligin popiilasyonunu  artirdify

yapiun karmasikligi ve boyutundaki cesitlilik,

baliklarda ontogenik habitat degisimlerine izin

vermektedir. Karayipler'de yapilan yapay resif
¢alismalariin bir¢ogunda ise moloz kaya, ¢imento
toplar1 veya batik gemiler kullarilmis, ancak
hicbirinde istiflenmis ve teraslanmis bir ¢imento
piramidi tasarimi kullanilmamistir (LeFebre vd.,
2024).

modiillerin habitat restorasyonu i¢in daha uygun

Yaptigimiz  degerlendirmelerde  beton
yapilar oldugu goriilmiistiir. Ayrica belirli yap: tiirleri
yerine farkli yapilarin bir karisiminin kullanilmasinin,
habitat habitat

hedeflerine faydalar

aym anda restorasyonu  ve

gelistirilmesi ulasmada
saglamas1 da degerlendirilmesi gereken ihtimaller
arasindadir. Soyle ki Lemoine vd. (2019) yaptiklar
calismalarda farkli yap: dizileri veya olusumlarinin

Ozellikle balik popiilasyonlarinin ve tiir gesitliliginin
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degerlendirilmesinde belirli yerler i¢cin daha uygun

olabilecegini bildirmislerdir. Yapay resif
calismalariin olumlu sonuglari farkli malzemelerden
ve/veya tlirlerde resif insa edilmesi yoniindeki
egilimleri de hizla artmistir. Bu esnada ise ilave
faktorler olarak yapay resiflerin insasinda boyut,

oOzellikler Onem

yapay
glivenlik, ekonomik, islevsellik gibi 6zellikleri ile de

dayanim siiresi ve yapisal

kazanmistir. Bunun yaninda resiflerin

uygun sekilde olmalidir.

1170mm Typical Water Level

TopView | | . L.
950mm am ol

Side View

Figure 2. “Pyramid” artificial reef design. (A)
pyramid (Cement block
dimensions: 30.5 x 20.3 x 20.3 cm), (B) Depth location
of pyramids. (C) Sample pyramid recently deployed
(less than 6 months). (D) Pyramid with observed
habitat formation (LeFebre et al., 2024)

Sekil 2. “Piramit” yapay resif tasarmmi. (A) Piramit

Schematic of reefs

resiflerinin semast (Cimento blok boyutlari: 30,5 x 20,3 x
20,3 c¢m), (B) Piramitlerin derinlik yerlesimi. (C) Yakin
zamanda yerlestirilmis (6 aydan az) ornek piramit. (D)

Habitat olusumu gozlenen piramit (LeFebre vd., 2024)

Japonya yapay resif {iretiminde resif olusturulacak
malzemenin, dayamikliliginin uzun siireli olmasi,
toksik maddeler bulundurmamasi ve ekonomik
olmas1 gibi bir takim belli standartlar getirmistir.
“Resif blogu” adi verilen resif birimlerinde daha ¢ok
cimento ve agrega karigimindan donati olarak geligin
kullanildig cesitli tipteki kaliplara dokiilerek yapay

resifler tiretilmektedir (Diizbastilar & Lok, 2004).

Yapay resifler konusunda yapilan calismalar, yapay

resiflerdeki organizma popiilasyonlariin dogal

resiflerdekilere benzer olup olmadigim
degerlendirmis olsa da ¢ok azi, resiflerin hangi habitat
ozelliklerinin yapay ve dogal resiflerdeki deniz
organizmalarinin topluluklarinda benzerliklere veya
farkliliklara

arastirmistir. Bu calismalarda balik popiilasyonlarinin

neden oldugunu nicel olarak
yapay resiflerde dogal resiflere goére daha yogun olma
egiliminde oldugu belirtilmektedir, ancak bunun
neden meydana geldigi acik degildir, ¢iinkii bu
farkliliga neden olabilecek birlikte degisen birkag
faktor bulunmaktadir. Genel bir degerlendirme ile
yapay ve dogal resifler arasindaki bu balik yogunlugu
farkini aciklayabilecek potansiyel olarak Onemli
habitat farkhiliklar:

kullanilan malzemeler kayalar, beton, batik tekneler,

arasinda, resifin ingasinda
vb. alt tabaka karmasikligi, dikey rolyef, boyut ve
mekansal yapilandirma yer almaktadir. Ornegin
beton bloklardan insa edilen resiflerin, dogal resiflere
veya beton borulardan ya da kullanilmis lastiklerden
insa edilen yapay resiflere kiyasla daha fazla tiir
cesitliligini ve balik popiilasyonunu destekledigi
goriilmektedir. Yapay resiflerdeki daha yiiksek balik
yogunluklar: genellikle dogal habitatlara kiyasla daha
fazla habitat karmasikligina atfedilmektedir ve habitat
balik

popiilasyonlarin: etkiledigi varsayimi igin saglam bir

karmasikliginin  kiiciik yapay resiflerdeki
temel vardir. Ancak, yapay resifler dogal resiflerden
ek sekillerde farklilik gosterir. Genellikle daha kiigiik
olduklar1 igin yapay

karsilastirildiginda resif ¢evresinin resif yiizey alanina

resifler dogal resiflerle
orant daha yiiksektir. Bu farkin yapay resiflerde
bulunan balik yogunlugunun daha yiiksek olmasmna
da katkida bulundugu ileri siiriilmiistiir (Granneman

vd., 2015).

SANATSAL RESIiF PROJELERI

Sanatsal resif projeleri, sanat, ekoloji ve toplumsal
katilimin birlestigi yaratici girisimlerdir. Bu projeler,
diger tiim resifler gibi deniz ekosistemlerini koruma,
restore etme amaci tasir ve ilave olarak sanati ¢evresel
farkindalik yaratmanin bir araci olarak kullanir. Insan
faaliyetleri  nedeniyle  zarar  gdéren  deniz
ekosistemlerinin rehabilitasyonu igin yeni yaklagimlar

gelistirilirken, estetik ve deniz ekosisteminin kiiltiirel
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olarak 6n plana ¢ikarilmasmi da Gnemser. Sanatsal
resifler, dogal resiflere benzer islevler goren, ancak
insan  yapimmi  ve sanatsal dokunuslarla
zenginlestirilmis yapilar olarak tanimlanir. Bu yapilar,
genellikle deniz tabanina yerlestirilerek mercanlar,
baliklar ve diger deniz canlilar1 i¢in yasam alam
olustururlar. Ayn1 zamanda toplumsal farkindalik
yaratmayl ve cevre bilincini artirmay1 hedeflerler.
Sanatsal resif projelerinde kullanilan malzemeler
genellikle cevre dostudur ve ekolojik uyumluluk
gozetilir. Resifler, deniz ekosistemleri igin kritik
Oneme sahiptir. Ancak, iklim degisikligi, kirlilik ve
asirt avlanma gibi tehditler, dogal resiflerin biiytik
Olglide zarar gormesine neden olmaktadir. Sanatsal
resifler, diger resif tiirleri gibi bu zararlarin telafi
edilmesine katki saglayarak ve ilave avantajlar
sunarak deniz ekosistemlerinin yeniden
canlandirilmasina yardimeci olabilirler. Sanat, sanatsal
resif projelerinde bir ifade ve iletisim araci olarak
kullanilir. Sanatgilar, deniz ekosistemlerine 06zgii
formlari, renkleri, dokulari projelerine yansitirken
estetik bir deneyim sunar ve toplumu cevresel

sorunlar hakkinda bilinglendirmeyi amaclarlar.

Yapay resifler dogal resifler i¢in bir tampon sistem
gorevi gorerek mercanlarin biiylimesi i¢in giivenli
ortamlar saglarlar ve yapay resifler, dogal resifler

arasinda bir baglanti olustururlar. Dogal resiflerin

yapay resifler tarafindan basarih bir sekilde
desteklenmesinin, omurgasiz ve omurgali su
canlilarinin  popiilasyonlarini  olumlu etkiledigi

bilinmektedir. Gozlemlenen bu etkilesimin farkh
yerlerde tamamen faydali veya sabit olmamasi
muhtemeldir, bu nedenle yerel dogal resifler iizerinde
fayda saglayip saglamadigim ve zararh etkileri olup
olmadigini belirlemek icin her bir yerde yapay
resiflerin  etkileri {izerine arastirma yapilmasi
gerekmektedir. Goniillii sivil gruplar diinya ¢apinda
pek cok yapay resif projesi baglatmakta, bu da bilimsel
ve uluslararasi topluluklarda etkili yapay resifler i¢in
standartlarin belirlenmesi konusunda endiselere yol
agmaktadir. Bu nedenle bir bolgede yapay resif
planlamadan 6nce yakinindaki resiflerle ilgili calisma
yapmak ve calisma sonuclarimi degerlendirmek
uygulanmast planlanan bir yapay resif programinin
hakkinda veriler elde

yararlar1 veya zararlari

etmemizi saglayabilir (LeFebre vd., 2024).

Figure 3. ReefLine Master Plan, Miami Beach
(Gulliksen, 2024)
Sekil 3. ReefLine Projesi Ana Plani, Miami Beach
(Gulliksen, 2024)

Miami Beach geridinde 11

kilometre uzunlugunda planlanan bir su alt1 heykel

RefLine Projesi,

parki, snorkel yolu ve yapay resif projesidir (Sekil 3).
Bu girisim iklim degisikliginin etkilerine dikkat
¢ekmeyi, deniz ekosistemlerini korumay1 ve sehrin
sanat ortamini zenginlestirmeyi amaclamaktadir.
Proje, kiiltiirel mekan olusturucu ve sanat kiiratorii
Ximena Caminos’un liderliginde kar amaci giitmeyen
BlueLab Preservation Society ve Miami merkezli sanat
stidyosu olan Coral Morphologic is birligiyle
yliriitiilmektedir. ReefLine, nesli titkenme tehlikesi
altindaki resif organizmalari i¢in kritik yasam alanlari
saglayarak deniz biyogesitliligini tesvik etmeyi
hedeflemektedir.

taninmis sanatgilar tarafindan tasarlanan ve cevreye

Proje kapsaminda uluslararas:
duyarli malzemelerden iiretilen heykeller deniz

tabanina yerlestirilecektir. ReefLine, halkin su alt1

sanatini  deneyimlemesini  saglayarak  cevresel
farkindalign ~ artirmayr  ve  toplumu  deniz
ekosistemlerinin ~ korunmasma  tesvik  etmeyi

amagclamaktadir. ReefLine’in master plani, mimar
Shohei Shigematsu liderligindeki OMA tarafindan,
deniz biyologlari, arastirmacilar, mimarlar ve kiy1
mithendislerinden olusan bir ekiple is birligi iginde
hazirlanmigtir. Deniz tabaninin topografyasini takip
eden geometrik, beton modiiler birimlerden olusan
yapy, gliney

konuslandirilacaktir.

sahilinden kuzeye dogru

baliklar,

mercanlar ve diger deniz organizmalar igin yeni

Yapay resifler,
habitatlar olusturarak ekosistemin iyilesmesine katki
saglayacag1 diisiiniilmektedir. ReefLine, halka agik bir
su alt1 park: olarak, ziyaretcilere deniz ekosistemleri
hakkinda sanatini

bilgi edinme ve su alt
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deneyimleme firsati sunacak ve eko turizmi tesvik
ederek yerel ekonomiye de katki saglayacaktir
(Walsh, 2022).

Sanat¢i Carlos Betancourt ve mimar Alberto
Latorre’nin RefLine Projesi icin denizyildizlarindan
ilham alarak bir resif modeli tasarlamiglardir (Sekil 4).
Bu cevreci heykeller resif olarak 06zel tasarlanmis

olmalar1 nedeni ile deniz yasam alanlarinda ¢igir

acacak niteliktedirler.

Figure 4. Miami Reef Star by The R
Carlos Betancourt and architecture Alberto Latorre
(Anonim, 2024b)

Sekil 4. Sanatct Carlos Betancourt ve mimar Alberto

eefLine, artist

Latorre’'nin  Miami Resif Yildizlari, ReefLine Projesi
(Anonim, 2024b)

Figure 5. Heart of Okeanos, ReefLine Project, by
Petroc Sesti (Anonim, 2024b)

Sekil 5. Okeanos’un Kalbi, ReefLine Projesi, Petroc Sesti
(Anonim, 2024b)

Eserin tasariminda, diinyanin en biiyiik kalbine
sahip mavi balinanin biyolojisinden ve cevresel
surdiirulebilirlikten  ilham  alinmigtir.  Sesti'nin
“Okeanos’un Kalbi,” Kanada’daki Royal Ontario
Miizesi'nde bilim insanlar1 tarafindan incelenen,
karaya oturmus bir mavi balinanin ger¢ek kalbinden

esinlenmistir. Sanat¢i, mavi balinanin devasa kalbini

hem estetik hem de ekolojik bir yaklagimla yeniden
yorumlamistir. Heykel, sera gazlarim yakalayabilen
deneysel bir malzeme olan CarbonXinc kullanilarak
iretilmistir. Bu malzeme, karbonu yakalayan mercan
ve diger deniz organizmalarinin biyolojisinden

esinlenerek  gelistirilmistir. = Ayrica eser, canlh
mercanlarla tohumlanarak yapay bir resif haline
doniisme potansiyeline sahiptir. Meditasyon yapan
bir deniz feneri formunda tasarlanan eser, estetik bir
sembol olmanin yaninda, mercan resifi gibi islev
gorerek deniz yasamini desteklemeyi amaglamistir.
Okeanos'un Kalbi'ni ekolojik fayda agisindan
degerlendirdigimizde, heykel, énemli miktarda sera
gazimi tutma kapasitesine sahip karbon yakalayic
malzemesiyle iklim degisikligiyle miicadelede
yenilik¢i bir yaklasim sunmaktadir. Canli mercanlarla
desteklenen yapisi, deniz organizmalar1 i¢in bir yagam
alani olusturmay1 hedeflemistir. Kiiltiirel ve mitolojik
baglantilar1 ile Yunan mitolojisindeki Okeanos figtirii
iizerinden, okyanuslarin yasam dongiisiindeki
Oonemini vurgulamaktadir. Sesti, Okeanos’un kalbini

okyanusa geri dondiirerek hem mitolojik bir sembolii

hem de cevresel bir mesaji somutlastirmistir (Walsh,
2022).

Figure 6. Coral Dreams, Miami Art Week, by Refik
Anadol (Anonim, 2024c)

Sekil 6. Mercan Diisleri, Miami Sanat Haftasi, Refik
Anadol (Anonim, 2024c)

Sosyal medya platformlarindan alinan 35 milyon

mercan goriintiisiinii bilgisayarda bir araya getirerek
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isleyen Tiirk sanat¢i Refik Anadol bu enstalasyonu
2021 yilinda Art Week Miami Beach’te sergilemistir
(Sekil 6). “Mercan Diigleri” isimli bu enstalasyon

calismasit New York Modern Sanat Miizesi tarafindan

satin  alinmus, geliri resifleri koruma ve
surdiiriilebilirlige odaklanan ReefLine projesine
bagislanmustir.

Denizlerin derinliklerinde tahmini 3.000.000

civarinda gemi enkazi oldugu diisiiniilmektedir ve bu
nedenle denizler diinyanin en biiyiik miizesi olarak
tanimlanir. Aslinda sularin derinliklerinde yatan bu
gemiler bir bakima zaman kapsiilii olup binlerce
yildir gemiler tarafindan tasman mallari, insanlar1 ve
fikirleri yansitan toplumun bir mikrokozmozudur. Bu
genis arkeolojik repertuarin yalnizca bir kismu
kesfedilmis ve belgelenmistir. Kesfedilen yerler,
insanlik hikayesi hakkinda paha bicilmez bilgiler
saglamaktadir (Gambin vd., 2021). Zaman iginde
olusan bu tiirden kalintilar disinda diinyanin bir¢ok
yerinde deniz iginde olusturulan su altt miizeleri
vardir. Bu miizeler genellikle dalis yapanlar igin ilgi
¢ekici heykellerden olusturulmustur. Su alt1 miizeleri,
siirdiiriilebilir turizm anlayisini destekleyen yenilik¢i
bir modeldir. Bu yaklasim, insan faaliyetlerinin deniz
ekosistemleri tizerindeki etkilerini azaltmay1 ve deniz
yasammi destekleyen koruma alanlar1 yaratmayi
hedeflemektedir. Ornegin, sanatgi Jason deCaires
Taylor'im diinyanin birgok farkli bélgesinde deniz
tabanina yerlestirdigi heykelleri mercan ve deniz

yasamina habitat olustururken sanatseverler i¢in de

ilham verici bir deneyim sunmaktadir (Sekil 7).

Figure 7. Cannes Underwater Eco-Museum by Jason
deCaires Taylor, France (Anonim, 2024d)

Sekil 7. Cannes Sualti Miizesi, Jason deCaires Taylor,
Fransa (Anonim, 2024d)

Figure 8. The Silent Evolution, Museo Subacuatico de
Arte (MUSA), Cancun, Mexico by Jason deCaires
Taylor (Anonim, 2024e)

Sekil 8. Sessiz Evrim, Museo Subacudtico de Arte

(MUSA), Cancun,
(Anonim, 2024e)

Meksika, Jason deCaires Taylor

Kiy1 ekosistemleri kirlilik, kiy1 gelistirme ve asir1
avlanma gibi yerel baskilara maruz kalmaktadir.
Biiyiik Olcekte acil iklim degisikligi eylemi hayati
onem tasisa da yapay resifler, artan av baskisina karsi
ortak biyolojik yonetim hedefleri olmasiyla, bozulan
dogal resif ekosistemlerini telafi etmek icin kullanilan
bir koruma araci olarak popiilerlik kazanmaktadir.
Yapay resifler ayrica habitat hasarmi veya kaybin
azaltmak icin de uygulanir ve mercanlarin yeniden
Sualt1

heykellerine mercan dikmek, sanat, bilim, turizm ve

kolonilesmesine  yardimci  olmaktadir.

korumay1 birbirine baglamanin yenilik¢i bir
yontemidir. Sualti sanati, ilham vermek, cevresel
sorunlar1 vurgulamak ve koruma cabalarini
yonlendirmek icin bir ara¢ olarak kullanilmistir
(Smith vd., 2022). Meksika'min Cancun kiyilarinda
Jason deCaires Taylor tarafindan yapilmis MUSA
sualti sanat miizesi 500’den fazla heykel iceren ve
diinyanin en biiyiik su alti miizesi olan egsiz bir sanat
ve ekoloji projesidir. ingiliz heykeltiras ve deneyimli
dalgic olan Taylor eserlerinde estetik ve cevresel
fayday1 bir araya getirmistir. Heykeller, nétr pH
treten Ozel bir ¢imento karisimiyla yapilmistir ve
mikroorganizmalarin kolonize olmasin
kolaylastirarak mercan resiflerinin olusumuna katki
saglamaktadir (Sekil 8). Bu siire¢, su canlilarinin
popiilasyanunu artirmakta ve tiirlerin {iremesini
desteklemektedir. Bu sekilde olusturulmus miizeler
insanlar igin estetik bir deneyim sunarken deniz
ekosistemlerini restore eden,

cevre korumayi
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birlestiren yiice bir kompozisyon olarak o©ne
¢ikmaktadir. Burada, estetik ve fayda bu yiice
kompozisyonla bir araya gelir, c¢iinkii heykeller
mercanin biiylimesi igin ideal bir alt tabakadir ve
sonunda daha zengin bir deniz biyokiitlesini stirdiiren
resif

ve tlrlerin {iremesini

olusturmaktadir (Cué, 2015).

destekleyen  bir

Sanat ve ekoloji arasinda baglant: kuran Taylor'in
projeleri, sanati bilimsel ve ekolojik bir ¢6ziim
mekanizmast olarak kullanmaktadir. Su alt
heykellerinin tasariminda kullanilan malzemeler ve
yerlestirildikleri alanlar, deniz yasamini desteklemek
ve mercan resiflerinin restorasyonuna katkida
bulunmak i¢in 6zenle se¢ilmistir. Taylor'in heykelleri,
deniz yasami icin yapay habitatlar olustururken,
insanlarin daha kirilgan ve tehlike altindaki resif
alanlarindan  uzaklastirllmasini  amaglamaktadir.
Taylor'un bu projeleri, sehir planlamasi ve cevre
mithendisligi yaklasimlarim1i  sanatla  birlestiren
yenilik¢i yontemdir (Kuta, 2023). Jason deCaires
Taylor, su alt1 diinyasmin dilini ve heykel formunu
derinlemesine anlayarak, bu iki giiclii ifade aracini
essiz bir simya ile birlestirmeyi basarmistir. Yapmuis
oldugu su alti miizesi projeleri yalnizca hayranlik
uyandiran estetik yapilar olarak degil ayn1 zamanda
sanatsal

derin kavramsal amaclarla donatilmis

enstalasyonlardir. Taylor'mn heykelleri, su alti
ortaminin essiz siirselligi ile biitiinleserek, izleyicide
biiyiileyici bir hayranlik ve merak uyandirmaktadir.
Taylor'in projeleri, insan yapimi heykel ile deniz
ekosisteminin organik birlesimini temsil ederken,
doga ve sanat arasindaki sinirlar1 bulaniklagtirmistir.
Taylor'in su alt1 projeleri, Robert Smithson, Michael
ve Walter De Maria gibi Earthworks

sanat¢ilarinin kavramsal mirasiyla giiclii bir bag

Heizer

kurmaktadir. Bu sanatcilar gibi Taylor da insanin
cevresiyle olan iligkisini sorgulayan mekan temelli
eserler yaratmistir. Taylor’in eserleri, estetik hayranlik
uyandirmanin otesinde, izleyicide dogaya dair daha
derin bir farkindalik yaratmayr hedeflemektedir.
Taylor, su alt1 diinyasina olan saygisin1 bu diinyanin
potansiyelini sanatsal bir ifade alani olarak ortaya
koymaktadir (Taylor vd., 2014). Heykellerinin temel
amaci, cevresel farkindalik yaratmaktir. Insan trafigini
yonlendirmek ve ekosistemleri korumak igin yeni

turistik modeller gelistiren Taylor, gevresel bilime

dayali bir ¢6ziim Onerisi sunmaktadir. Taylor'in
eserleri, mistik bir deneyimden ziyade, insanlarin
dogayla iliskisini yeniden diisiinmeye tesvik eden bir
davranigsal miidahale olarak degerlendirilmelidir. Bu
heykellerin varligil, sanatseverler ile birlikte dalis
yapan turistleri ve yerel topluluklar1 da deniz
ekosistemlerinin korunmas: gerektigi konusunda
bilin¢lendirmeyi

amagclamaktadir. Taylor'un

kullandig1 model ve heykellerinin sualtinda zaman

icerindeki degisimi Sekil 9'da verilmistir.

Figure 9. Models and sculptures by Jason deCaires
Taylor (Anonim, 2024e)

Sekil 9. Jason deCaires Taylor tarafindan kullanilan model
ve heykeller (Anonim, 2024e)

SONUC VE ONERILER

Yapilan calismalar incelendiginde sanatsal amacgl
calismalarda ve yapay resif sistemlerinde oncelikle
pH degerleri deniz habitatina uygun olan beton
malzemenin yaygin olarak kullanildig1 goriilmiistiir.
Bu 0zel betondan iiretilen resif bloklara ve su alti
miizeleri genelinde {iretilen sanatsal yapilara
ylizeylerinin temiz ve yosunsuz olmalarindan dolay:
mercanlarin tutundugu izlenmis ayrica baliklar igin
olumlu habitat alanlar1 olusturulmasinda beklenen
sonugclar elde edilmistir. Beton malzemenin ekonomik
ve kolay sekillendirilebilir olmasi da bir diger tercih
nedenidir. Yine bu ¢alismalar incelendiginde dogal
kayalardan olusturulmus resiflerin tercih edilen ikinci
resif tiirli oldugu belirtilmigtir. Yapay resiflerin
olusturulmasinda sanat cevresel stirdiiriilebilirlik ve
toplumsal bilinglendirme icin giiglii bir katalizor
olarak ortaya ¢ikmaktadir. Sanatgilarin ¢evre dostu ve
ekolojik olarak uyumlu malzemelerle tasarladiklar:
eserleri, deniz yasami icin habitatlar yaratirken,
insanlar1 gevreye duyarlh olmaya tesvik etmislerdir.

Su alt1 miizeleri ve yapay resif projeleri sanatin bilim,
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mithendislik ve ¢evre koruma disiplinleriyle basarili

bir sekilde nasil entegre olabilecegini gostermektedir.

Jason deCaires Taylor gibi sanatcilar, su alt
heykelleriyle = mercan resiflerinin  olusumunu
desteklerken, estetik agidan etkileyici yapilarla

turizmi tesvik ederek dogal resiflerin korunmasina
katkida bulunmuslardir. Musa, ReefLine ve benzeri
projeler, sanat ve bilimin birleserek ¢evresel sorunlara
yenilik¢i ¢oziimler sundugu 6rneklerdir. Yapay resif
projelerinde sanat, estetik ve cevresel islevselligi bir
araya getirerek disiplinler arasi is birligine 6rnek
teskil etmektedir. Bu siirecte karsilasilan zorluklar ve
elestiriler yapay resiflerin etkinligini artirmak igin
dikkat edilmesi gereken o©nemli noktalar1 ortaya
koymaktadir. Cevresel etkilerin dengelenmesi
agisindan yapay resiflerin tasariminda kullanilan
malzemelerin deniz ekosistemleri ile uyumlu olmasi
biiyiik 6nem tasimaktadir. Cevreye zararli veya toksik
malzemelerin kullanimi projelerin amacia zarar
nedenle, sanatsal

verebilir.  Bu diistinceleri

desteklerken ¢evresel uyumlulugun saglanmasi
projelerin basarisi icin kritik bir gerekliliktir. Sanatin
yaratict Ozgiirliigli ile bilimin teknik gereklilikleri
arasindaki denge disiplinler arasi is birliginde
dikkatle ele alinmalidir. Estetik kaygilar, projelerin
ekolojik hedeflerinden 6diin vermemelidir. Ornegin,
heykellerin tasariminda hem mercanlarin
tutunabilecegi ylizeylerin saglanmasi hem de gorsel
gekiciligin korunmas: 6nemlidir. Yapay resifler, dalis
turizmini tesvik ederek ekonomik fayda saglarken
asir1 turizm baskisi yaratma riski de tasimaktadir. Bu
durum, resiflerin dogal ekosistemler iizerindeki
koruyucu etkisini zayiflatabilir. Turizm faaliyetleri
planlanirken, resiflerin siirdtiriilebilirligini ve cevresel
resiflerin

hedefi

dogrultusunda bu siireglerin siirekli izlenmesi ve

dengeyi gozetmek Onemlidir. Yapay

zamanla dogal resiflere  doniismesi
gerektiginde miidahale edilmesi gerekmektedir. Sanat
eserlerinin dayanikliligi ve ekolojik faydalarinin
siirdiiriilebilirligi ~ projenin  basarisim1  belirleyen
onemli faktorlerdir. Cevresel olarak siirdiiriilebilir,
biyolojik olarak uyumlu ve dayarnikli malzemelerin
gelistirilmesi tesvik edilmelidir. Notr pH saglayan
beton tiirleri ve geri doniistiiriilebilir malzemelerin
kullanimi, projelerin cevresel etkisini azaltabilir.

Sanatgilar, bilim insanlari, miihendisler ve cevre

koruma uzmanlar1 arasinda is birligini artirmak igin
ortak egitim programlari ve atolyeler diizenlenebilir.
Bu tiur etkinlikler, farklh

deneyimlerini birlestirerek daha yenilik¢i projelerin

disiplinlerin bilgi ve

ortaya ¢ikmasini saglayabilir. Yapay resiflerin turistik
cazibesi, ¢evresel siirdiiriilebilirlik ilkesine uygun bir
sekilde yonetilmelidir. Kontrollii ziyaret programlari,
belirli bolgelerde dalis sinirlamalar1 ve ¢evre dostu
Yerel

topluluklarin projelere katimi tesvik edilmeli ve

turizm wuygulamalar1 hayata gegirilebilir.

cevresel bilin¢lendirme kampanyalar1
diizenlenmelidir. Yapay resiflerin ekosisteme katkisi,
biyolojik cesitlilik ve resif gelisimi agisindan diizenli
olarak izlenmelidir. Bu veriler, gelecekteki projelerin
planlanmasinda kullanulabilir ve yapay resiflerin
uzun vadeli etkileri hakkinda bilimsel bilgi birikimi
saglayacak sekilde olmalidir. Bu projelerin basarili ve
sirdiiriilebilir olmasi ig¢in planlama, uygulama ve
dikkatli  bir
benimsenmelidir. Bilim, sanat ve ¢evre miihendisligi
yapay
olan katkismi

izleme  siireclerinde yaklasim

arasindaki is birliginin giiclendirilmesi,
resiflerin deniz ekosistemlerine
artiracak ve gelecekte daha etkili projelerin hayata

gecirilmesini saglayacaktir.

Sonug olarak, disiplinler aras1 is birligine dayali
yapay resif projeleri, sanatin insan ve doga arasindaki
iliskiyi gliclendirme potansiyelini ortaya
koymaktadir. Bu tiir projeler hem ekosistemlerin
hem de

surdiiriilebilirlige tesvik eden bir biling yaratmaya

korunmasina insanlar1 cevresel
hizmet etmektedir. Yapay resiflerin sanatsal, ekolojik
ve toplumsal faydalarinin bir araya geldigi bu
girisimler, gelecekte cevresel koruma ve kiiltiirel
tretim arasinda daha giliclii baglar kurulmas: igin

ilham kaynag1 olacaktir.

Etik Standartlara Uygunluk

Yazarlarin Katkis1

IK: Kavramsallastirma, Arastirma, Yazma — orijinal
taslak hazirlama, Yazma - gozden gecirme ve
diizenleme

MHZ: Kavramsallastirma, Arastirma, Yazma — orijinal
taslak hazirlama, Yazma - gozden gecirme ve

diizenleme
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Tim yazarlar makalenin son halini okumus ve

onaylamustir.

Cikar Catismasi

Yazarlar herhangi bir c¢ikar catismasi olmadigim

deklare etmektedir.

Etik Onay

Yazarlar bu c¢alisma igin resmi etik kurul onayinin

gerekli olmadigini bildirmektedir.

Finansal Destek

Yazarlar bu ¢alisma igin herhangi bir finansal destek

almadiklarim bildirmektedir.

Veri Kullanilabilirligi

Bu calismada yeni veri olusturulmadigr icin veri

kullanilabilirligi gecerli degildir.
Yapay Zeka Kullanim1 A¢iklamasi

Yazarlar, bu makalenin yazilmasinda veya

gorsellerin, tablolarin veya grafiklerin
olusturulmasinda higbir {iiretken yapay zekanin

kullanilmadigini teyit etmektedir.
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The reliance on expensive synthetic hormones and the ethical concerns of
sacrificing potential breeders for pituitary gland (PG) extraction in African catfish
(Clarias gariepinus) induced spawning necessitate exploring cost-effective and ethical
alternatives. This study evaluated the efficacy of PG extracts from eel-tailed catfish
(Tandanus tandanus) and Nile tilapia (Oreochromis niloticus) compared to African
catfish PG. Twelve mature African catfish (approximately 500 g each) were divided
into three treatment groups (n=4 per group), each receiving PG extracts
standardized by donor fish weight. Spawning latency was recorded and analyzed
using ANOVA and post-hoc tests. Results demonstrated that eel-tailed catfish PG
(13.54 h) exhibited comparable spawning latency to African catfish PG (11.88 h),
while Nile tilapia PG resulted in significantly longer latency (17.59 h). This suggests
that eel-tailed catfish PG is a viable and cost-effective alternative to synthetic

hormones and traditional PG extraction, offering a sustainable solution for African

catfish hatcheries.

INTRODUCTION

Aquaculture’s sustained growth heavily relies on
the controlled reproduction of commercially valuable
fish species. Fish maturation and spawning are
complex physiological processes meticulously
orchestrated by a cascade of hormones, with the
hypothalamus playing a pivotal role in initiating this
hormonal cascade (Zohar & Mylonas, 2001). To
overcome the challenges posed by species that do not

readily spawn in captive environments, such as the

African catfish (Clarias gariepinus) and various carp
species, induced spawning techniques have become
indispensable (De Graaf & Janssen, 1996).

Synthetic  hormones, including luteinizing
hormone-releasing hormone (LHRH) analogues, have
been widely employed to stimulate maturation,
spawning, and ovulation by mimicking the natural
hormonal signals (Peter & Yu, 1997). LHRH
successfully initiates the hormonal chain reaction
leading to ovulation, offering a reliable method for

inducing reproduction (Mylonas & Zohar, 2000).
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Hypophysation, the injection of pituitary gland
(PG) extracts, remains a widely practiced and effective
method for inducing spawning, especially in species
like carp and African catfish (Crim et al., 1976; Gadissa
& Devi, 2013). This technique, pioneered by Houssay,
demonstrated the efficacy of crude pituitary extracts
in stimulating breeding (Houssay, 1931). Induced
breeding techniques, when combined with
appropriate environmental cues and the assessment of
fish physiological conditions, ensure the production of
healthy and uniform-sized fish seed for stocking
1995).

technique refined over decades, remains a practical

(Bromage & Roberts, Hypophysation, a
method for inducing spawning (De Graaf & Janssen,
1996). The phylogenetic distance between the PG
donor and recipient is a crucial factor influencing the
efficacy of hypophysation. Dosage determination
often relies on empirical data due to these variations
(Donaldson, 1996). For instance, pituitaries from
immature marine catfish have been used at five times
the homoplastic dosage to induce ovulation in Indian
carp, highlighting the need for dosage adjustments
based on phylogenetic relationships (Marte, 1989).

However, the traditional practice of PG extraction
from African catfish involves sacrificing potential
breeders, which not only depletes valuable
broodstock but also devalues market-ready fish (De
Graaf & Janssen, 1996). Therefore, the search for
alternatives to traditional PG extraction methods is
imperative. The current study focuses on addressing
these challenges by evaluating the efficacy of
alternative PG sources, specifically from eel-tailed
catfish and Nile

(Oreochromis niloticus), as replacements for African

(Tandanus  tandanus) tilapia
catfish PG. These species are readily available,
potentially offering a sustainable solution for African
catfish hatcheries. By exploring the potential of
alternative PG sources, this research aims to mitigate
the concerns surrounding the sacrifice of potential
breeders, thereby contributing to the development of

sustainable aquaculture practices.
MATERIAL AND METHODS

Experimental Design

This study employed a completely blocked design
(CBD) to evaluate the efficacy of PG extracts from

three donor fish species: African catfish (C. gariepinus),
eel-tailed catfish (T. fandanus), and Nile tilapia (O.
niloticus), for inducing spawning in female African
catfish (C. gariepinus) breeders. Twelve mature female
African catfish breeders (approximately 500 g each)
were randomly assigned to three treatment groups
(n=4 per group). Each group received a PG extract
from one of the donor species: Group 1 (African
catfish PG - Control), Group 2 (Eel-tailed catfish PG),
and Group 3 (Nile tilapia PG).

PG Extract Preparation

Pituitary glands were collected from mature donor
fish of approximately equal weight to the recipient
breeders (1:1 weight ratio). The glands were
immediately removed, minced, and diluted with
0.3 mL water. The dosage administered to the

breeders was 0.5 mL of the PG solution.

Injection and Observation

The PG extract was administered intramuscularly
at the base of the dorsal fin. The time of injection was
recorded. The breeders were then placed individually
in 12 separate plastic basins with screened covers,
filled with 28-29°C,
salinity: 0 ppt, pH: 6.6-6.7) sourced from a deep well.

tap water (temperature:
The breeders were continuously monitored for signs
of spawning, including increased activity, abdominal
swelling, and egg release. The time from injection to
the initiation of spawning (spawning latency) was

recorded for each breeder.

Data Analysis

Spawning latency data were analyzed using one-
way analysis of variance (ANOVA) to determine
significant differences among treatment groups. A
post-hoc (Duncan) test was performed to identify
specific differences between group means. Statistical
analyses were conducted using SPSS version 20. A

significance level of p < 0.05 was used for all tests.

RESULTS AND DISCUSSION

Table 1 depicts the mean spawning latency of
African catfish injected with PG extracts from
different fish donors. ANOVA revealed that there was
a significant difference (p < 0.05) between the three
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treatment groups. The mean spawning latency for
African catfish PG was 11.88 h, for eel-tailed catfish
PG, it was 13.54 h, while tilapia PG resulted in a
latency of 17.59 h. Post-hoc (Duncan) test revealed that
African catfish and eel-tailed catfish pituitary gland
(PG) extracts induced comparable spawning latencies
(p > 0.05). This suggests that the PG from eel-tailed
catfish possesses similar gonadotropic activity to that
of the African catfish, rendering it a potentially
effective alternative. This observation aligns with the
concept that phylogenetically related species often
exhibit similar hormonal profiles, as supported by
studies demonstrating the efficacy of homologous or
closely related species’” PG in inducing spawning
(Mylonas & Zohar, 2001). For instance, Elisdiana et al.
(2021) suggested that pituitary gland injection from
striped catfish (Pangasius hypophthalmus) head waste
could enhance spawning performance in African
catfish, further supporting the idea that using
pituitary glands from closely related fish species can

effectively stimulate ovulation.
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Figure 1. Spawning latency of African catfish using
different pituitary gland extracts from different donor
fish species
Conversely, Nile tilapia PG resulted in a
significantly longer spawning latency of 17.59 h (Table
1), differing substantially from both African catfish
and eel-tailed catfish PG extracts (p < 0.05). This
prolonged latency may be attributed to inherent
differences in the molecular structure or concentration

of gonadotropins in Nile tilapia compared to the other

two species. Gonadotropins, specifically follicle-
stimulating hormone (FSH) and luteinizing hormone
(LH), play crucial roles in regulating reproductive
processes (Oduwole et al., 2021). Differences in the
amino acid sequences or glycosylation patterns of
these hormones can affect their receptor binding
affinity and biological activity (Swanson et al., 2003).
It is crucial to note that while this study observed a
positive response to Nile tilapia PG, contradicting
some previous reports like that of Cortes & Ruaza
(2018), who found no egg output, and Gadissa & Devi
(2013) that found no effect, it does confirm the ability
of the Nile tilapia PG to induce spawning. The
observed difference in latency, however, suggests a
potentially less efficient or slower stimulation of
ovarian maturation in African catfish when using Nile
tilapia PG. This discrepancy could also stem from
variations in PG preparation methods or the
physiological state of the donor fish (Peter & Yu, 1997).

The comparable effectiveness of eel-tailed catfish
PG to African catfish PG is particularly significant for
aquaculture practices. The use of eel-tailed catfish PG
offers a cost-effective and ethically sound alternative,
mitigating the need to sacrifice valuable African
catfish breeders and reducing reliance on expensive
synthetic hormones. This approach is highly practical
for small-scale hatcheries, as eel-tailed catfish are
readily available and economically viable. The cost-
effectiveness of using readily available fish PG
compared to synthetic hormones such as HCG or
Ovaprim has been a strong consideration for many
fish farmers (Olaniyi & Akinbola, 2013).

CONCLUSION

In conclusion, while Nile tilapia PG can induce
spawning, the significantly longer latency suggests it
may not be optimal for commercial African catfish
hatcheries. In contrast, eel-tailed catfish PG emerges
as a promising and practical alternative to African
catfish PG, offering comparable effectiveness and
addressing both economic and ethical concerns.
Future research should focus on optimizing PG
extraction and dosage protocols for eel-tailed catfish
and exploring the underlying mechanisms
responsible for the observed differences in spawning

latency among the donor species. Detailed molecular
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characterization of the gonadotropins in these species,
as well as investigations into the effects of different PG
preparation and storage methods, would further
enhance our understanding and application of these

alternative spawning induction techniques.

ACKNOWLEDGEMENTS

The author is grateful to Precious Jade B. Albarico,
Steven Harvey A. Apresto, Millani D. Barrion, Denise
Vie M. Malutao, and Kharine Grace M. Querubin for

assisting during the experiment.

Compliance with Ethical Standards

Conflict of Interest

The author declares that there is no conflict of interest.
Ethical Approval

For this type of study, formal consent is not required.

Funding

Not applicable.

Data Availability

The data that support the findings of this study are

available from the corresponding author on request.

Al Disclosure

The author confirms that no generative Al was used
in writing this manuscript or creating images, tables,

or graphics.
REFERENCES

Bromage, N. R., & Roberts, R. J. (1995). Broodstock
management and egg quality. Wiley-Blackwell.
Cortes, J. R, & Ruaza Jr.,, F. C. (2018). Induced
spawning activity of African catfish (Clarias
gariepinus) using different pituitary gland
SDSSU  Multidisciplinary — Research
Journal, 6, 14-17.

extracts.

Crim, L. W., Peter, R. E, & Billard, R. (1976).
Stimulation of gonadotropin secretion by
intraventricular injection of hypothalamic

extracts in the goldfish, Carassius auratus.

General and Comparative Endocrinology, 30(1), 77-

82. https://doi.org/10.1016/0016-6480(76)90068-

X

De Graaf, G. ], & Janssen, H. H. (1996). Artificial
reproduction and pond rearing of the African catfish,

Clarias gariepinus, in sub-Saharan Africa: A
handbook. FAO Fisheries Technical Paper. No.
362. Rome, FAO.

Donaldson, E. M. (1996). Manipulation of
reproduction in farmed fish. Awnimal
Reproduction Science, 42(1-4), 381-392.

https://doi.org/10.1016/0378-4320(96)01555-2
Elisdiana, Y., Aquardo, D. V., Sarida, M., Hudaidah,
S., Susanti, O., & Yusup, M. W. (2021). Study of

pituitary gland extract utilization from striped

catfish waste for reproduction performance
improvement of north African catfish (Clarias
gariepinus). e-Jurnal Rekayasa dan Teknologi
Budidaya 9(2), 1109-1116.
https://doi.org/10.23960/jrtbp.v9i2.p1109-1116
Gadissa, S., & Devi, L. P. (2013). Evaluation of

spawning induction of African catfish (Clarias

Perairan,

gariepinus) by heteroplastic hypophysation.
International Journal of Fisheries and Aquatic
Studies, 1(1), 22-25

Houssay, B. A. (1931). Action sexuelle de I'hypophyse
sur les poissons et les reptiles. Comptes Rendus
des Seances de la Societe de Biologie et de Ses Filiales,
106, 377-378.

Marte, C. (1989). Hormone-induced spawning of
cultured tropical finfishes. Proceedings of the
Advances in Tropical Aquaculture, Workshop at
Tahiti, French Polynesia, France. pp. 519-539.

Mylonas, C. C., & Zohar, Y. (2000). Use of GnRHa-
delivery systems for the hormonal induction of
ovulation in fish. Reviews in Fish Biology and
Fisheries, 10(4), 463-491.
https://doi.org/10.1023/A:1012279814708

35


https://doi.org/10.1016/0016-6480(76)90068-X
https://doi.org/10.1016/0016-6480(76)90068-X
https://doi.org/10.1016/0378-4320(96)01555-2
https://doi.org/10.23960/jrtbp.v9i2.p1109-1116
https://doi.org/10.1023/A:1012279814708

Villanueva (2025) Acta Natura et Scientia 6(1), 32-36

}Q ACTANATURA ET SCIENTIA

Mylonas, C. C., & Zohar, Y. (2001). Endocrine
regulation and artificial induction of oocyte
maturation and spermiation in basses of the
genus Morone. Aquaculture, 202(3-4), 205-220.
https://doi.org/10.1016/50044-8486(01)00772-4

Oduwole, O. O., Huhtaniemi, I. T., & Misrahi, M.

(2021). The roles of luteinizing hormone,

follicle-stimulating hormone and testosterone
in spermatogenesis and folliculogenesis
revisited. International Journal of Molecular
Sciences, 22(23), 12735.
https://doi.org/10.3390/ijms222312735

Olaniyi, C. O., & Akinbola, D. O. (2013). Comparative

studies on the hatchability, performance and

survival rate of African catfish (Clarias
gariepinus) larval produced: using ovaprim and
catfish pituitary extract hormones. Journal of
Biology, Agriculture and Healthcare, 3(9), 57-62.

Peter, R. E, & Yu, K. L. (1997). Neuroendocrine

regulation of ovulation in fish: Basic and
applied aspects. Reviews in Fish Biology and
Fisheries, 7(2), 173-197.
https://doi.org/10.1023/A:1018431610220

Swanson, P., Dickey, J. T., & Campbell, B. (2003).

Biochemistry and physiology of fish
gonadotropins. Fish Physiology and Biochemistry, 28, 53-59.
https://doi.org/10.1023/B:FISH.0000030476.73360.07

Zohar, Y., & Mylonas, C. C. (2001). Endocrine

manipulations of spawning in cultured fish:
From hormones to genes. Aquaculture, 197(1-4),
99-136. https://doi.org/10.1016/50044-
8486(01)00584-1

36


https://doi.org/10.1016/S0044-8486(01)00772-4
https://doi.org/10.3390/ijms222312735
https://doi.org/10.1023/A:1018431610220
https://doi.org/10.1023/B:FISH.0000030476.73360.07
https://doi.org/10.1016/S0044-8486(01)00584-1
https://doi.org/10.1016/S0044-8486(01)00584-1

Acta Nat. Sci. (2025) 6(1): 37-45
DOI: 10.61326/actanatsci.v6il1.267

e-ISSN: 2718-0638

Short Communication

info@actanatsci.com
www.actanatsci.com

+) ACTANATURA ET SCIENTIA

Enhancing Process Efficiency in Industry Through Statistical Process Control:

Study of Aspartyl Phenylalanine Methyl Ester

Mostafa Essam Eissa!™

! Independent Researcher, Pharmaceutical and Healthcare Research Facility, Cairo, Egypt; mostafaessameissa@yahoo.com

= Corresponding Author: mostafaessameissa@yahoo.com

Please cite this paper as follows:

Essam Eissa, M. (2025). Enhancing Process Efficiency in Industry Through Statistical Process Control: Study of Aspartyl Phenylalanine
Methyl Ester. Acta Natura et Scientia, 6(1), 37-45. https://doi.org/10.61326/actanatsci.v6il.267

ARTICLE INFO

ABSTRACT

Article History

Received: 30.05.2024
Revised: 02.05.2025
Accepted: 21.05.2025
Available online: 23.06.2025

Keywords:

L-aspartyl-L-phenylalanine methyl ester
Quality control

Process assessment

Statistical distributions

Sweetening agents

Statistical process control

Statistical Process Control (SPC) is a critical methodology within the medicinal chemical
industry, employed to guarantee the safety, efficacy, and consistency of chemical products.
SPC facilitates the identification of deviations from established specifications, thereby
minimizing process variability and waste, and ultimately enhancing customer satisfaction.
L-aspartyl-L-phenylalanine methyl ester, an artificial sweetener characterized by its low
caloric content, represents a manufacturing process that necessitates diligent monitoring and
control. Despite its inherent advantages, the implementation of SPC presents certain
challenges, including the judicious selection of appropriate data, the accurate interpretation
of analytical results, and the seamless integration with existing quality management systems.
Data corresponding to selected inspection attributes were imported into Minitab version
17.1.0 for subsequent statistical analysis. Descriptive statistics, encompassing metrics such as
mean, standard deviation, skewness, and kurtosis, were calculated for each parameter to
provide an initial characterization of the data distribution. The Anderson-Darling test was
employed to formally assess the normality of the data distribution. In instances of non-normal
data, various transformations, including square root, logarithm, reciprocal, Johnson, and Box-
Cox transformations, were explored. The Anderson-Darling test was reapplied to the
transformed data to evaluate the effectiveness of these transformations in achieving
normality. For data that remained non-normal after initial transformation attempts, the Box-
Cox transformation with a lambda (A) value of 0.5 was applied using Minitab’s “Identify
Distribution” feature. A comprehensive Process Capability Six-pack Report was subsequently
generated for each parameter (specifically, optical rotation, loss on drying, and assay)
following the transformation process, utilizing Minitab’s “Process Capability Six-pack”
functionality. This report comprises six distinct graphical representations and detailed
statistical outputs summarizing process performance. Analysis of the optical rotation data
indicated a process that, while statistically stable, lacked the necessary capability to
consistently meet specifications, suggesting a clear need for process improvement. The study
of loss on drying for L-aspartyl-L-phenylalanine 1-methyl ester revealed a process that was

neither stable nor capable in the short term, with observed instability and excursions noted in
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the control chart components of the report. The assay data, which demonstrated a lognormal

distribution, indicated a process that was neither statistically stable nor capable of meeting

the required specifications, underscoring the imperative for significant process enhancement.

To improve long-term process capability for all parameters, it is essential to identify and

systematically eliminate the underlying factors contributing to process variation, coupled

with the implementation of continuous monitoring and control

strategies. The

implementation of reinforced monitoring protocols and the application of continuous process

assessment utilizing advanced statistical methodologies can substantially contribute to

improved quality assurance outcomes and enhanced process efficiency within the medicinal

chemical industry.

INTRODUCTION

Quality control is a vital aspect of the chemical
industry, as it ensures the safety, efficacy, and
consistency of chemical products (ASQ, 2024). One of
the most widely used methods of quality control is
statistical process control (SPC), which involves the
collection and analysis of data to monitor and improve
the performance of a process (Montgomery, 2008).
SPC can help detect and prevent deviations from the
desired specifications, reduce variability and waste,
and enhance customer satisfaction (Montgomery,
2012; ASQ, 2024). However, SPC also poses some
challenges and limitations, such as the selection of
data, tools, the

interpretation and communication of results, and the

appropriate methods, and
integration of SPC with other quality systems
(Bizfluent, 2021). SPC is based on the principle that
every process is subject to variation, which can be
classified into two types: common cause and special
cause (Box & Cox, 1964). Common cause variation is
inherent in the process and is due to random factors
that are difficult to identify and control (Wheeler,
2000). Special cause variation is not inherent in the
process and is due to assignable factors that can be

identified and eliminated (Adler et al., 2011).

SPC aims to distinguish between these two types
of variation and take appropriate actions accordingly.
One of the main tools of SPC is the control chart,
which is a graphical display of a process variable over
time, with a center line representing the average value
and control limits representing the expected range of
variation (Oakland, 2003). Control charts can help
determine whether a process is in a state of statistical

control, meaning that it only exhibits common cause

variation, or out of control, meaning that it exhibits
special cause variation. Control charts can also help
identify trends, cycles, and shifts in the process
behavior (Berardinelli, 2013). Another tool of SPC is
capability analysis, which is a numerical and
graphical evaluation of how well a process meets the

customer requirements or specifications (Kane, 1986).

Capability analysis can help measure the
performance of a process, compare it with the desired
standards, and identify areas for improvement (Eissa
& Hamed, 2019). Capability analysis can also help
assess the potential of a process, assuming that it is in
a state of statistical control, and the actual
performance of a process, considering the observed
variation (Montgomery, 2013). SPC has been applied
to various processes and products in the chemical
industry, such as the synthesis, purification,
formulation, and packaging of chemicals (Chen et al.,
2018). SPC can help ensure the quality and safety of
chemical products, such as medicinal and food
excipients: N- (L-a-aspartyl)-L-phenylalanine, 1-
methyl ester (IUPAC name), a low-calorie artificial
sweetener used in various food and beverage
2024). N-

1-methyl

products (Chemsrc, (L-a-aspartyl)-L-

phenylalanine, ester is a dipeptide
composed of two amino acids, aspartic acid and
phenylalanine, and has a complex and sensitive
that

monitoring and control (Rozet et al., 2013).

manufacturing  process requires  careful

The present study aimed to examine three sets of
process capability six-pack reports for L-aspartyl
phenylalanine methyl ester, which are comprehensive
reports that include six graphs: an individual (I)-chart,
a moving range chart, an individual observations plot,

a capability histogram with normal curve overlay, a
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specialized plot (probability plot), and a capability
plot. The reports analyze three quality characteristics
of N- (L-a-aspartyl)-L-phenylalanine, 1-methyl ester:
specific optical rotation, loss on drying, and assay.
Each report provides information on the stability and
capability of the process, such as the mean, the
standard deviation, the control limits, the specification
limits, the Cp, the Cpk, the Pp, and the Ppk.

MATERIAL AND METHODS
Materials

Data was collected for specific optical rotation, loss
(L-a-aspartyl)-L-

phenylalanine, 1-methyl ester samples from an

on drying, and assay of N-

international chemical manufacturing plant for
medicinal compounds based in Asia (Eissa &
Mahmoud, 2016; Eissa & Abid, 2018; Eissa, 2016a,
2018a). The raw material specimens were analysed
according to the standard official monograph (United
States Pharmacopeia, 2023; British Pharmacopoeia
2024). Minitab® 17.1.0
commercial software package was used for statistical
analysis (Baldassarre et al, 2004, McGraw Hill
Education, 2014).

Commission, version

Methods
Distribution Identification

The data was first imported into Minitab version
17 from an Excel file containing the databases.
Descriptive statistics were calculated for each
parameter (specific optical rotation, loss on drying,
and assay) to provide an initial understanding of the
data distribution, such as mean, standard deviation,
skewness, and kurtosis (Montgomery, 2012). The
Anderson-Darling test was employed to check the
normality of the data for each parameter. The null
hypothesis was that the data follows a normal
distribution, and the alternative hypothesis was that
the data does not follow a normal distribution

(Montgomery, 2013).

A significance level of 0.05 was used for the test. If
the p-value was less than 0.05, the null hypothesis was
rejected and the data was considered non-normal

(Eissa, 2016b). For non-normal data, various

transformations were explored to achieve normality,
such as square root, logarithm, reciprocal, Johnson
and Box-Cox. The transformed data was then tested
again for normality using the Anderson-Darling test
(Box & Cox, 2008). The

transformation that resulted in the highest p-value

1964; Montgomery,

and the lowest skewness and kurtosis was selected as

the best transformation.

Application of Six-pack for Non-Normal Data

In cases where data remained non-normal after
transformation attempts, the Box-Cox transformation
with A=0.5 was applied using Minitab’s “Identify
Distribution” feature (McGraw Hill Education, 2014).
This feature allows the user to compare the data to
different distributions and select the best fit based on
the p-value, the Anderson-Darling statistic, and the
graphical fit (Montgomery, 2013). Process Capability
Six-pack Report was generated for each parameter
(specific optical rotation, loss on drying, assay) post-
transformation using Minitab’s “Process Capability
Six-pack” feature (McGraw Hill Education, 2014).

This

comprehensive report that includes six graphs: an I-

feature allows the wuser to create a

chart, a moving range chart, an individual
observations plot, a capability histogram with normal
curve overlay, a specialized plot (gamma pass plot,
Box-Cox transformation plot, or lognormal
probability plot), and a capability plot (Wheeler, 2000;
Oakland, 2003; Montgomery, 2012). The report
provides information on the stability and capability of
the process, such as the mean, the standard deviation,
the control limits, the specification limits, the Cp, the
Cpk, the Pp, and the Ppk (Kane, 1986; Montgomery,
2008). The titles and subtitles of the graphs were
customized to include the relevant statistics for each
parameter, such as the mean, the standard deviation,
the control limits, the specification limits, the Cp, the

Cpk, the Pp, and the Ppk (Montgomery, 2012).
RESULTS AND DISCUSSION

Figure 1 shows process capability six-pack reports
for N- (L-a-aspartyl)-L-phenylalanine, 1-methyl ester
(N- (L-a-aspartyl)-L-phenylalanine, 1-methyl ester).
The reports show the stability and capability of three

quality characteristics of N-

(L-c-aspartyl)-L-
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phenylalanine, 1-methyl ester: specific optical
rotation, loss on drying, and assay. Six graphics are
included in each report: an individual observations
plot, a moving range chart, an I-chart, a capability
histogram with normal curve overlay, a specialized
plot (gamma pass plot, Box-Cox transformation plot,
or lognormal probability plot), and a capability plot.
The reports indicate that the process for loss on drying
is not stable and capable in the short term, while the
processes for specific optical rotation are stable but not

capable and assay data are neither stable nor capable.

Specific optical rotation is a measure of how much
N- (L-a-aspartyl)-L-phenylalanine, 1-methyl ester
rotates the plane of polarized light, which indicates its
purity and Council for
Harmonisation, 2005; Vaccaro, 2012; United States

identity (International

Pharmacopeia, 2019). The I-chart and the moving
range chart show that the process is stable, as the data
points are within the control limits (Oakland, 2003;
2013). capability

histogram reveals that the data is not normally

Montgomery, However, the
distributed, as it is skewed, meaning that it is not
symmetric around its mean. The gamma pass plot,
which compares the data to a gamma dispersion
pattern, suggests that the process is not capable, as the
data points are outside the specification limits
(Oakland, 2003; Montgomery, 2013). This means that
the process needs to be improved to meet the

acceptance criteria requirements.

Specific optical rotation is an important quality
characteristic of N- (L-a-aspartyl)-L-phenylalanine, 1-
methyl ester, as it reflects its molecular structure and
composition (United States Pharmacopeia, 2019). A
high degree of optical rotation indicates a high purity
and identity of N- (L-a-aspartyl)-L-phenylalanine, 1-
methyl ester, which is desirable for its safety and
efficacy (International Council for Harmonisation,
2005; Vaccaro, 2012). The process for measuring
specific optical rotation should be stable and capable,
meaning that it should produce consistent and
accurate results that meet the specification limits
(Montgomery, 2008). However, the graphs show that
the process is not capable, as the data points are
outside the specification limits. This implies that some
factors affect the optical rotation of N- (L-a-aspartyl)-

L-phenylalanine, 1-methyl ester, such as temperature,

pH, solvent, concentration, or impurities. These
factors should be identified and controlled by the
manufacturer to improve the process capability and
ensure the

quality of N- (L-a-aspartyl)-L-

phenylalanine, 1-methyl ester.

Loss on drying is a measure of how much moisture
is present in N- (L-a-aspartyl)-L-phenylalanine, 1-
methyl ester, which affects its shelf life and stability
(Xiao & Choi, 2002). The I-Chart and the moving range
chart indicate that the process is not stable, as some
data points are outside the upper control limit
(Montgomery, 2012). The distribution identification
screening shows that the data is not normally
distributed, as it is skewed due to aberrant points of
the dataset. However, after applying a Box-Cox
transformation with A=0.5, the data appears to be
normally distributed as appeared in the capability
histogram and the normal probability plot (Box &
Cox, 1964; Montgomery, 2012). The Capability plot,
which compares the data with the benchmark
reference, indicates that the process is capable and
under control, as the data points are within the
specification limits for short-term capability (Kane,
1986). This means that the process meets the official
specification criteria. This is in contrast to the overall

capability.

Another crucial feature of N-(L-a-aspartyl)-L-
phenylalanine, 1-methyl ester is its loss during drying,
which indicates its stability and moisture content.
Low moisture content and good stability of N-(L-a-
1-methyl

indicated by a low degree of loss upon drying, which

aspartyl)-L-phenylalanine, ester  are
is advantageous for storage and shelf life. The process
for measuring loss on drying should be stable and
capable, meaning that it should produce consistent
and accurate results that meet the specification limits
(Eissa, 2018b). The graphs show that the process is
stable and capable for the short term only, as the data
and the
specification limits. However, the data is not normally
distributed, as it is skewed to the left. This implies that

there are some outliers or extreme values that affect

points are within the control limits

the distribution of the data. To overcome this problem,
a Box-Cox transformation with A=0.5 is applied, which
transforms the data to a normal distribution (Box &

Cox, 1964; Kourti & MacGregor, 1996). This
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transformation improves the data analysis and the
process capability and ensures the quality monitoring

of N- (L-a-aspartyl)-L-phenylalanine, 1-methyl ester.

Moreover, further interpretation showed that the
process for measuring loss on drying for N- (L-a-
aspartyl)-L-phenylalanine, 1-methyl ester is consistent
and accurate in the short term, but not in the long
term. This means that the process can meet the
specification limits for a small sample of data, but not
for a larger sample of data that includes external
factors that may affect the process. Some possible
reasons for this discrepancy are (Wheeler, 2000;
Oakland, 2003; Montgomery, 2008; Eissa et al., 2021,
2023a, 2023b):

e The process is subject to drift or shift over time,
which causes the mean or the variation of the
process to change (Eissa & Abid, 2018).

e The process is influenced by special causes of
variation, such as changes in raw material,
environment,

equipment, operator,  or

measurement system.

e The process is not in a state of statistical control,
which means that the process output is
unpredictable and unstable. To improve the
long-term capability of the process, the

following steps are recommended:

e Identify and eliminate the sources of variation
that affect the process in the long term, using
tools such as a cause-and-effect graph

(Ishikawa or fishbone diagram) and Pareto

chart (Majeske & Hammett, 2003; Montgomery,

2012).

e Monitor and control the process using statistical
process control (SPC) techniques, such as
control charts, run charts, or process behavior

(Wheeler, 2000; Oakland, 2003;

Montgomery, 2013).

charts

e Perform regular process audits and reviews to
ensure the process is maintained and improved
over time (Eissa et al., 2021, 2023b).

The assay is a measure of how much N- (L-a-
aspartyl)-L-phenylalanine; 1-methyl ester is present in

the sample, which reflects its potency and

concentration (Chemsrc, 2024). The I-chart and the
moving range chart show that the process did not
show stable variation at the beginning, as the data
points are not all within the control limits
(Montgomery, 2008). The lognormal probability plot,
which compares the data to a lognormal distribution,
indicates that the data is well-fitted by the lognormal
spreading (Montgomery, 2012). The capability plot,
which compares the data to the lognormal dispersion
pattern, indicates that the process is not capable, as the
data points are outside the specification limits (Kane,

1986). This means that the process needs to be

improved to meet the requirements of the
specifications.
The assay is the most important quality

characteristic of N- (L-a-aspartyl)-L-phenylalanine, 1-
methyl ester, as it reflects its amount and strength in
the sample. A high degree of assay indicates a high
amount and strength of N- (L-a-aspartyl)-L-
phenylalanine, 1-methyl ester, which is desirable for
its effectiveness and dosage (Chemsrc, 2024). The
process for measuring assay should be stable and
capable, meaning that it should produce consistent
and accurate results that meet the specification limits
(Montgomery, 2013). However, the graphs show that
the process is not capable, as the data points are
outside the specification limits. The data is well-fitted
by the lognormal distribution, which is a common
distribution for assay data. This distribution reflects
the multiplicative nature of assay data, as it is
influenced by factors such as dilution, extraction, and
(Rozet et al, 2013).

lognormal distribution does not guarantee a good

calibration However, the
process capability, as the data points are still outside
the specification limits. This implies that some factors
affect the assay of N- (L-a-aspartyl)-L-phenylalanine,
1-methyl ester, such as degradation, contamination, or
measurement error (Chen et al., 2018). These factors
should be identified and controlled to improve the
process capability and ensure the quality of N- (L-a-
aspartyl)-L-phenylalanine, 1-methy]l ester.

The multiplicative nature of assay data might
highlight that the data values are not additive, but
rather multiplicative (Box & Draper, 1987; Wright &
Royston, 1999; Eissa, 2017). This means that the data
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Figure 1. Process Capability Sixpack Reports for N- (L-a-aspartyl)-L-phenylalanine, 1-methyl ester (N- (L-a-

aspartyl)-L-phenylalanine, 1-methyl ester). The reports show the stability and capability of three quality

characteristics of N- (L-a-aspartyl)-L-phenylalanine, 1-methyl ester
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values are influenced by factors that multiply or
divide the original value, rather than add or subtract
from it (Box & Draper, 1987). For example, if the
original value of an assay is 100, and the factor is 0.9,
then the resulting value is 90, which is obtained by
multiplying 100 by 0.9 (Wright & Royston, 1999).
Similarly, if the factor is 1.1, then the resulting value is
110, which is obtained by multiplying 100 by 1.1. This
is different from additive data, where the resulting
value is obtained by adding or subtracting a constant
from the original value (Eissa, 2016b, 2017). For
example, if the original value is 100, and the constant
is 10, then the resulting value is either 90 or 110,
depending on whether the constant is subtracted or
added. In biological and chemical assays, when the
data values are influenced by variables like dilution,
extraction, and calibration, the multiplicative
character of assay data is frequently observed. These
factors can change the concentration or potency of the
analyte, which is the substance being measured by the
assay. The lognormal distribution is a common
distribution for multiplicative data, as it can model the
variability and skewness of the data (Box & Draper,
1987, Wright & Royston, 1999; Eissa, 2017). The
lognormal distribution is defined by the logarithm of
the data values, which are normally distributed.
Therefore, to analyze multiplicative data, it is often
necessary to transform the data by taking the
logarithm, which converts the data to additive data.
This transformation can improve the data analysis and
the process capability, as it can reduce the skewness
and the variability of the data (Box & Draper, 1987;
Wright & Royston, 1999; Eissa et al., 2016; Eissa, 2017).

CONCLUSION

SPC has many benefits for the chemical industry,
such as: (i) improving the quality and consistency of
chemical products by detecting and preventing
deviations from the specifications, (ii) reducing the
costs and risks associated with rework, scrap, waste,
(iii)

enhancing the efficiency and productivity of the

defects, recalls, and customer complaints,
processes by optimizing the operating conditions and
reducing the variability and downtime, (iv) increasing
the customer satisfaction and loyalty by meeting or
exceeding their expectations and requirements.

However, SPC has some challenges and limitations,

such as: (i) selecting the appropriate data, methods,
and tools for the specific process and product,
considering the type, size, frequency, distribution, and
transformation of the data, (ii) interpreting and
communicating the results of the SPC analysis,
considering the statistical significance, practical
relevance, and uncertainty of the findings, (iii)
integrating SPC with other quality systems, such as
quality by design, quality risk management, and
quality assurance, to achieve a holistic and systematic

approach to quality management.

The previous analysis showed that the consistency
of the raw chemical quality is not adequate and
further improvements for the quality of the initial
batches are needed through customization and
optimization of the key manufacturing procedures.
These insights are crucial in ensuring quality control
and consistency in N- (L-a-aspartyl)-L-phenylalanine,
1-methyl ester production. As future perspective,
enhancing monitoring protocols to optimize specific
optical rotation, loss-on-drying and assay processes
can lead to improved quality assurance. Continuous
assessment using advanced statistical tools will be

pivotal in achieving enhanced process efficiency.
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This study aimed to examine the relationships between grain color parameters
and functional markers of color-controlling genes in wheat. Grain color parameters
(L7, a', b', C"and ©h°) of the segregated genotypes in the F2 generations of Byrd (red) x
Tosunbey (white) and Kayra (red) x Cumhuriyet 75 (white) hybrids were measured.
The F2 genotypes with parents were screened with wheat grain color SSR marker
(Xgwm155) and functional color markers (Tamyb10-A1, Tamyb10-B1 and Tamyb10-
D1). The color alleles possessed by the parents were determined by functional
markers. While the parents with white color (Tosunbey and Cumhuriyet 75) were
determined to be homozygous recessive in terms of all three-color alleles, Byrd
variety with red grain color was found to have the R-B1b allele, and Kayra variety
was found to have the red color allele in terms of all three loci. In terms of color
parameters, the average color parameter values in the Fi1 generation and F
population of both hybrid combinations gave results closer to the parent with red
grain color. In the Byrd x Tosunbey F2 population, the interaction of two markers
(Xgwm155 x Tamyb10-B1) in the L* color parameter and the Xgwm155 marker in the
Hue angle (/°) parameter were found to be important and explained the observed
variation by approximately 11%. In the Kayra x Cumhuriyet 75 F2 population, the
Tamyb10-B1 marker in the L" parameter and Tamyb10-D1 in the b" and C* parameters
were determined to be important and explained approximately 5% of the observed

variation.
INTRODUCTION seed hardness. These are winter red hard wheat,
summer red hard wheat, white soft wheat, red soft
Wheat varieties are divided into six classes wheat, hard white wheat and hard white wheat. The
according to simple hereditary genetic characteristics inheritance of grain color in wheat is controlled by
such as grain color, vernalization requirement and three independent genes located on chromosomes 34,
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3B and 3D. In the formation of grain color, red color is
created by R-Alb, R-B1b and R-D1b alleles, and white
color is created by R-Ala, R-Bla and R-Dla alleles
(McIntosh et al., 1998; Sherman et al., 2008). Red color
is dominant over white color, and carrying a dominant
allele at a single locus is sufficient for the red color to
occur (Metzger & Silbaugh, 1970). The degree of red
color has an additive effect, and genotypes carrying
homozygous dominant alleles at three loci (R-Alb, R-
Blb and R-D1b) produce a darker red color. White
color occurs only in genotypes carrying homozygous
recessive alleles (R-Ala, R-Bla and R-Dla) at three
gene loci (Sherman et al., 2008).

The red pigment found in the grain coat of wheat

consists of catechins and proanthocyanidins
synthesized through flavonoid biosynthetics pathway
(Himi et al., 2011) and causes bitter flavor and lower
hydrolytic enzyme activity (Lachman et al., 2017). In
wheat, flour color plays an important role in the end-
use quality of wheat as it affects consumer preference,
market value and human nutrition. The color of the
grain and the final products obtained depend on
genetic, environmental
(Guzman et al., 2022). It is known that hard and dark

colored grains generally have higher value in terms of

and processing factors

protein content and protein quality (Unal, 2003).
Likewise, it is accepted that hard red wheat has higher
protein content and quality, as well as higher flour
quality and final product quality (Slaughter et al.,
1992; Kaldy et al., 1993; Sanal et al., 2012). Pre-harvest
germination in wheat causes a decrease in flour
quality due to starch breakdown. Generally, wheat
with red grain color is more tolerant to pre-harvest
germination than wheat with white grain. The
relationship between these two traits is due to the
pleotropic effect of genes controlling grain color
(Flintham, 2000; Warner et al., 2000; Himi et al., 2002,
2011).

The R-1 gene, which controls grain color as well as
pre-harvest germination in bread wheat, is located in
the end region of the long arms of homoeologous
chromosomes 3A, 3B and 3D (Himi et al., 2011). It has
been determined that the pigments in red wheat grain
include flavonols and stilbenes, as well as catechin
and proanthocyanidin (Miyamoto & Everson, 1958;
McCallum & Walker, 1990; Matus-Cadiz et al., 2008;

Himi et al., 2011). Identification of the polymorphism
that causes functional differences between alleles
controlling grain color in wheat, detection of relevant
markers and their use have revealed the possibility of
cloning the grain color locus (Sherman et al., 2008).
Himi et al. (2011) isolated Tamyb10-A1, Tamyb10-B1
and Tamyb10-D1 genes, which encode the protein that
controls proanthocyanidin synthesis and activate
flavonoid biosynthetic genes in wheat, and are
localized on chromosomes 3A, 3B and 3D of wheat,
respectively, and they developed functional DNA

markers for the genes in question.

In this study, the grain color characteristics of each
genotype in the F1 and F2 generations of two different
hybrid combinations made between the wheat
varieties differing in grain color were measured.
Genotyping was performed using functional markers
of the genes controlling grain color in the same F:
genotypes and their parents, and the relationships
between color measurements and genotyping results

were examined.

MATERIAL AND METHODS

The research was conducted in the 2020-2021
wheat growing season in the Field Crops Department
of the Faculty of Agriculture of Ege University, Izmir,
Tiirkiye. In the experiment, the Fi seeds of the Byrd x
Tosunbey and Kayra x Cumhuriyet 75 hybrid
combinations, which were obtained from the crosses
conducted previous year, were planted with their
parents to obtain F2 generations. While the Byrd and
Kayra varieties have red grain structure, Cumhuriyet-
75 and Tosunbey varieties are white grain varieties

used as parents in the hybrid combinations.

In the experiment, manual planting was done in
rows with 20 cm row spacing and 1 m row length. In
sowing, NPK 15:15:15 fertilizer was applied at 8 kg
pure nitrogen per decare and urea fertilizer was
applied at 8 kg pure nitrogen per decare during the
stem extension period. Plants were grown under
rainfed conditions, no extra irrigation was applied.
Leaf samples were taken for DNA extraction from the
parents and 100 randomly tagged plants in the F2
populations when the plants reached approximately

15-20 cm in length and DNA isolations were made
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according to the mini CTAB extraction method of
Doyle & Doyle (1987). The amount of isolated genomic
DNA was
(BioPhotometer, Eppendorf) at 260 nm wavelength
and diluted to 25 ng/ul.

measured using a biophotometer

In the study, kernel color was determined
molecularly using functional markers of Tamyb10-Al,
Tamyb10-B1 and Tamyb10-D1 genes defined by Himi
et al. (2011) and also SSR marker Xgwm155 (Sherman
et al., 2008) (Table 1). Polymerase chain reaction was
performed in Eppendorf mastercycler gradient PCR
device according to the protocol specified by Aykut
Tonk et al. (2016). SSR touchdown program (Aykut
Tonk et al., 2016) was used for Xgwm155 marker,
while specific PCR programs suggested by Himi et al.
(2011) were wused for functional markers. PCR
products of functional color markers were run in 2%
agarose gel using 1xTBE buffer in Thermo Scientific
electrophoresis device at 85 V for approximately 2
hours. PCR products of the SSR marker were run on
an 8% non-denaturing acrylamide gel using the Bio-
Rad Protean II xi Cell device for approximately 16
hours at 90 V. After the gels were stained in pure
water containing 2 pg/ml ethidium bromide, they
were viewed under UV light and images were taken

with a digital camera.

Grain color measurements were made in terms of
CIE L" a" b" using a colorimeter (Chrometer CR-400,
Minolta Co., Tokyo, Japan) on the harvested seeds of
labelled 100 plants the F

individually from

populations as well as the Fi generations and their

parents.

In molecular evaluation, with the help of the
parental bands, the bands obtained in F2 individuals
were scored as maternal (A), paternal (B) or
heterozygous (H). Analysis of color traits was
performed using the R v4.2.0 statistical package
program (R Core Team, 2021). Before performing
linear regression and ANOVA analyses, the model
assumptions were tested. The normality of residuals
tested Shapiro-Wilk

Homoscedasticity (equal variance of residuals) was

was using  the test.
checked via Breusch-Pagan test. Independence was
checked by the Durbin-Watson test. All tested models
satisfied these assumptions. Relationships between
the molecular markers and the color parameters were
examined using the aov function. Each character was
fitted to the linear regression model using the Im

function of the Imer4 package (Bates et al., 2015).
RESULTS AND DISCUSSION

The color parameter values of the parents, F1 and
F2 generations are given in Table 2. When the table is
examined, it is seen that the L* value, which expresses
lightness-darkness, has higher values in Tosunbey
and Cumbhuriyet 75 parents with white grain color
than Byrd and Kayra parents with red grain color. It is
understood that grains obtained from F: plants had
lower L* values than both parents and closer values to

parents with red grain color.

Table 1. Base sequences of functional color markers and Xgwm155

Tamyb10-LP1 CTGAGCAAGAGGATGCTGC
Tamyb10-Al

Tamyb10-RP1 GATGCCCTCCAGATCAAGGT

Tamyb10-LP2 AGCAAGAGGAACCTGCAGTC
Tamyb10-B1

Tamyb10-RP1 GATGCCCTCCAGATCAAGGT

Tamyb10-LP3 CGCTGAGCAAGAGGAACCA
Tamyb10-D1

Tamyb10-RP3 AGGCACACCAGCTTATTTGG

F CAATCATTTCCCCCTCCC
Xgwm155

R AATCATTGGAAATCCATATGCC
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In terms of the a* color parameter, where + indicates
red and - indicates green on the horizontal axis of the
color diagram, it was observed that all parents and F:
plants had a +a° value, and there were no major
differences between the parents and F: generations
except for the Cumhuriyet 75 parent. In terms of the b*
parameter, where + indicates yellow and - indicates
blue on the vertical axis of the diagram, it was
observed that the Byrd and Kayra parents with red
grain color showed significantly lower values than the
Tosunbey and Cumhuriyet 75 parents with white
grain color, while the F1 plants gave values closer to
the parent with red grain color. In terms of the chroma
(C") value, which indicates the vividness and dullness
value of the color, the parents with red grain color had
lower values than the parents with white grain color.
It was observed that the C* values of the F1 generations
of the hybrids made between these parents were
closer to the parents with red grain color (Table 2). The
hue angle (1°) value is the value that determines the

color we perceive of the object, that is, the name of the

color. When the /° values observed in the parents and
F1 grains are examined, it is understood that there is a
similar distribution for h° like the L’ b" and C
parameters. The hue angle value was lower in the
parents with red grain color and higher in those with
white grain color. The average values of color
parameters in the F2 populations also showed values
closer to the red parent except for two parameters (b"
and C) in the Kayra x Cumhuriyet 75 population.
Transgressive segregations were observed for all color
parameters in both F2 populations (Table 2). In studies
of quantitative traits, the generation of extreme
phenotypes in segregating hybrid populations is
referred to as transgressive segregation (Rieseberg et
al., 1999). Transgressive segregation is a complex
phenomenon in inheritance of kernel color which are
controlled by three major genes. The additivity of
allelic effects between the loci and within a locus and
also novel allelic combinations caused transgressive

segregation in all color parameters.

Table 2. Results of color parameters in the parents, F1 and F2 generations

Parent, F1 and F: L a’ b* C h° Color
Byrd 50.71 7.36 19.94 21.25 69.74 Red
Tosunbey 53.91 7.23 23.56 24.64 72.94 White
Byrd x Tosunbey Fi 48.51 7.81 19.10 20.64 67.76 -
Byrd x Tosunbey F2 50.01 7.86 19.26 20.81 67.77 -
Kayra 48.61 7.24 18.76 20.11 68.90 Red
Cumhuriyet 75 59.18 6.00 22.94 23.71 75.34 White
Kayra x Cumhuriyet F 47.78 7.63 19.61 21.04 68.74 -
Kayra x Cumhuriyet F2 53.66 7.17 21.47 22.66 71.42 -
Table 3. Allele distribution of the R1 color gene in the parents
Parent R-A1 R-B1 R-D1 Former Notation Color
Byrd a b A r1r2R3 Red
Tosunbey a a A rlr2r3 White
Kayra b b B RIR2R3 Red
Cumbhuriyet 75 a a A r1r2r3 White
49



Oztiirk et al. (2025) Acta Natura et Scientia 6(1), 46-54

}_) ACTANATURA ET SCIENTIA

Table 4. Distribution of color markers in the F2 populations and chi-square test results

Generation and Marker Observed value X2 P value
Byrd x Tosunbey F2

Xgquwm155 21:47:27 0.77 0.69>0.05
Tamyb10-B1 20:74 0.70 0.43>0.05
Kayra x Cumhuriyet 75 F2

Tamybl0-B1 25:67 0.23 0.56>0.05
Tamybl10-D1 30:64 2.40 0.13>0.05

Table 5. p, R? values and regression coefficients of the markers for the color parameters in the Byrd x Tosunbey F2

population

Marker L a b’ C h°

Xgwm155 0.153374 0.2646 0.2453 0.4450 0.009781**
Tamyb10-B1 0.223949 0.7326 0.5666 0.6398 0.377644
Xgwm155 x Tamyb10-B1 0.007338** 0.1211 0.8736 0.8338 0.093165

R? 0.1079 0.02358 -0.01761 -0.03224 0.1051

Regression Coefficients

Xguwm155 7.35 0.51 3.57 3.52 9.75

Tamyb10-B1 6.07 0.26 1.37 1.36 8.33

Xgwm155 x Tamyb10-B1 -8.26 0.18 -2.01 -1.81 -9.98

The allele distributions of functional markers of varieties, it gave polymorphic results between Kayra
Tamyb10-Al, Tamyb10-Bl and Tamybl0-D1 genes, and Cumbhuriyet 75 varieties. When the results are
which control grain color, in the parents are given in examined; it was determined that Byrd, Tosunbey and
Table 3. According to the Tamyb10-Al gene marker Cumbhuriyet 75 varieties had the R-D1la allele, while
results, it was determined that both varieties Byrd and Kayra variety had the R-D1b allele. In terms of color
Tosunbey had the R-Ala allele. The same marker alleles, among the varieties used as parents, it was
showed polymorphism between Kayra and determined that Byrd variety had the R-Ala, R-Blb
Cumbhuriyet 75 varieties, and it was determined that and R-D1a alleles, Tosunbey variety had the R-Ala, R-
the Kayra parent had the R-Alb allele and the Bla and R-D1la alleles, Kayra variety had the R-Alb,
Cumbhuriyet 75 parent had the R-Ala allele. Tamyb10- R-B1lb and R-D1b alleles and Cumhuriyet 75 variety
B1 gene color marker showed polymorphism between had R-Ala, R-Bla and R-D1a alleles (Table 3).
bOt%l I.Syrd / Tosunbey an.d Kayra / Cumhuriyet 75 White grain wheat varieties are homozygous for R-
Varletles.' It was fie’fermlr}ed th.at To§unbey and Ala, R-Bla and R-Dla recessive alleles (2, r3 and rl
Cumhuriyet 75 Varl?tles with white grain color had in the old notation, respectively). The presence of one
the R-Bla allele. Whlle. the TamyblO—Dl gene marker or more dominant alleles R-Alb, R-B1lb and/or R-D1b
showed monomorphism in Byrd and Tosunbey (old notation R2, R3 and R1, respectively) causes red
50
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pigmentation on the grains (McIntosh et al., 1998;
Himi et al., 2011). While the Byrd variety with red
grain color is dominant in terms of a single gene (R-
B1b), the Kayra variety with the other red grain color
is dominant in terms of all three genes. Tosunbey and
Cumbhuriyet 75 varieties, which have white grain
color, are homozygous recessive in terms of all genes.
The functional color markers have been successful in
distinguishing color alleles of the parental genotypes.
The obtained allele distributions of the varieties were
found to be in agreement with the research results of
Himi et al. (2011).

The Xgwm155 marker used in the study showed
polymorphic results between Byrd / Tosunbey and
Kayra / Cumhuriyet 75 varieties. This marker was
developed by Sherman et al. (2008) and located on
chromosome 3A in the wheat genome, the band sizes
obtained differed in varieties with the same grain
color. The researchers also stated that all of the bands
obtained with Xgwm155 were different in genotypes
with two white (MTHWO0202 and MTHWO0471) and
two red grain colors (Chhoteau & Vida), but that this

marker was useful in distinguishing individuals.

The distribution of color markers showing
polymorphic results between the parents in F2
population is given in Table 4. According to chi-
square analysis, the results of the Xgwm155 marker in
the Byrd x Tosunbey F: population, the genotypic

segregation in the population was determined to be in

accordance with the 1: 2: 1 (x2=0.77, P = 0.69). In the
same population, the genotypic segregation of the
dominant Tamyb10-B1 marker was determined to be
compatible with a 3:1 distribution (x2 = 0.70, P = 0.43).
Tamyb10-B1 (x2=0.23, P =0.56) and Tamyb10-D1 (x?=
240, P = 0.13) markers, both dominant, similarly
differentiated F2 individuals of Kayra x Cumhuriyet
75 in accordance with the 3:1 genotypic segregation
(Table 4). The distributions of the markers in both
populations were found to be compatible with the
expected theoretical distributions. Himi et al. (2011),
emphasized that grain color in wheat is determined by
the phenotype of Fs grains obtained from F2 plants,
and these are controlled by the F2 genotype.

The effect of color markers for each color
parameter used in the study was examined by using a
linear regression model. The p and R? values obtained
from the summary of the results performed for the
Byrd x Tosunbey F2 population are given in Table 5. It
was determined that the interaction of two markers
(Xgwm155 x Tamyb10-B1) in the L* color parameter
was significant at the 0.01 statistical level. In the hue
angle (h°) parameter, the Xgwm155 marker was found
to be significant at the 0.01 level in distinguishing the
genotypes. The R? values for both parameters were
found to be approximately 11%. In other words, the
applied model explained approximately 11% of the
phenotypic variation observed in these color

parameters (Table 5).

Table 6. P, R? values and regression coefficients of the markers for the color parameters in the Kayra x Cumhuriyet

75 F2 population
Marker L y b’ C h°
Tamyb10-D1 0.29642 0.7071 0.01259* 0.01077 * 0.2026
Tamyb10-B1 0.03068* 0.6254 0.50129 0.52964 0.5025
Tamyb10-D1 x Tamyb10-B1 0.85638 0.4981 0.52395 0.59661 0.3483
R? 0.033 -0.0254 0.0478 0.04901 -9.093e-05
Regression Coefficients
Tamyb10-D1 1.86 -0.18 1.94 1.79 1.99
Tamyb10-B1 -2.14 -0.06 0.19 0.14 0.39
Tamyb10-D1 x Tamyb10-B1 0.29 0.3 -0.83 -0.68 -1.41
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Regression coefficients revealed that both markers,
Tamyb10-B1 and Xgwm155, and their interaction
exhibited variable effects on all color parameters in the
Byrd x Tosunbey F2 population. The most pronounced
effects were observed for the L* and h° parameters,
where both markers individually increased the
respective color values, while their interaction had a
strong negative effect. Moderate positive effects of

Xgwm155 were also observed for b*and C" parameters.

The p and R? values obtained for Kayra x
Cumbhuriyet 75 F2 population are shown in Table 6. In
the L* parameter, the Tamyb10-B1 marker was found
to be important in distinguishing the genotypes.
Tamyb10-D1 was determined to be important in b* and
C* color parameters. The model applied for these two
parameters explained approximately 5% of the

variation observed in these properties (Table 6).

The regression analysis revealed that the effects of
the markers on color parameters varied by trait. For
the Kayra x Cumhuriyet 75 F. population, the
presence of the Tamyb10-D1 allele showed a positive
effect on all color parameters except a’, with the
strongest increase observed for b", C*and 1°. Tamyb10-
B1 had relatively small and inconsistent effects, while
the interaction between the two markers generally

showed minor or negligible contributions (Table 6).

Grain color in wheat is controlled by three
Phenotypic

especially in the individuals in the F. population

independent genes. color values,
which contains extensive genetic diversity, were

obtained by separately evaluating the color
parameters that constitute the color. Therefore, the
relationships between allele-specific markers and the
color parameters are not very high in the applied
model. Wheat grains can be in various colors
including white, light yellow, yellow red, amber and
brown. For wheat grain color and similar products, a
special scale created from the parameters in the color
diagram will help to reveal the marker-color
relationship more clearly in the segregation
population. Similarly, a study reported that the most
accurate and effective method for measuring the color
of products with a visible-NIR device was to apply
calculations using the standard application based on

the CIE system (Black & Panozzo, 2004).

In wheat, grain color and hardness provide
advantages for products to be obtained from grain in
milling and in end-use quality. In addition, red grain
wheat genotypes are generally more resistant to pre-
harvest sprouting than white grain wheat genotypes
(Himi et al., 2011). In wheat breeding programs, plants
can be selected from segregation populations
developed from parents with different color in order
to select genotypes suitable for grain color. For
effective selection at this stage, functional color
markers and a special scale developed from color
can be beneficial in

parameters segregation

populations.
CONCLUSION

Digital color images, colorimetry and spectrometry
have been used for a long time to measure grain color,
flour color or final product color in wheat (Neuman et
al., 1989; Peterson et al., 2001; Sahin et al., 2006; Adams
etal., 2013). To measure color objectively, colorimeters
that measure L"a"b* values defined by the Commission
Internationale de L’Eclairage (CIE) are mostly used
(Black & Panozzo, 2004). In this study, wheat grain
color was measured colorimetrically and grain color
differences between the genotypes were clearly
revealed. Functional markers developed from the
genes controlling grain color and the SSR marker were
screened in the parents with different grain colors and
their F2 populations. Different markers showed
importance in terms of different color parameters
measured in the F2 populations. Grain color in wheat
shows polygenic inheritance and the formation of
grain color occurs as a result of the effects of many
genes. Therefore, it is expected that the markers used
will be associated with different color parameters. As
a result of the study, it was determined that functional
markers, especially those related to the genes
controlling grain color in wheat, were useful in
determining color alleles and could be easily used in
determining color alleles in future wheat breeding

programs.
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ARTICLE INFO ABSTRACT

Article History To analyze the temporal trends and patterns of COVID-19 cases and deaths in
Received: 07.10.2024

Revised: 22.05.2025 Bangladesh, to identify potential seasonal variations in COVID-19 morbidity and

mortality, to visualize the relationship between new cases, new deaths, and time, to

prioritize factors or periods based on case and death frequencies and to apply statistical

I;yw{”i&' N process control charts to monitor the stability and identify significant variations in daily
anglades|

COVID-19 pandemic case and death rates. COVID-19, caused by a novel coronavirus, has become a global
Global health . s . .

Morbidity public health emergency since its emergence in late 2019. Bangladesh, a densely
Mortality populated and low-resource country, faced many challenges in responding to the

pandemic. This study aimed to evaluate the impact of COVID-19 on public health in
Bangladesh by analyzing the trends and patterns of morbidity, mortality, and future
scenarios which mean the implications of the historical analysis for the potential
direction the pandemic might take, while acknowledging the variables and the plan for
a dedicated future projection study. The analysis used data from the WHO COVID-19
dashboard, covering 1+ January, 2020 to 1¢ January, 2023. Minitab 17.1.0 was used for
analysis and visualization. The data was cleaned and transformed to create new variables
like season and case fatality rate. A surface plot was used to show the relationship
between new cases, new deaths, and date reported. Trending charts with upper and
lower control limits were also created.Results showed an initial surge in cases and deaths
peaking in mid-2021, followed by declining death rates. Seasonal variations were
observed, with summer and winter having higher cases (summer: 50.3% of total cases;
winter: 22.1%) and deaths (summer: 59.1%; spring: 16.8%) compared to spring and
autumn. Pareto analysis of cases showed that July 2021 accounted alone for about 16.5%
of the total incidents. The study highlights seasonal trends and the critical role of
vaccination and healthcare capacity. Public health authorities should prioritize pre-peak-
season interventions, enhance real-time monitoring using statistical tools and address

systemic vulnerabilities to mitigate future outbreaks.
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INTRODUCTION
The coronavirus disease 2019 (COVID-19)
pandemic, caused by the novel severe acute

respiratory syndrome coronavirus 2 (SARS-CoV-2),
has posed unprecedented challenges to the global
health and socio-economic systems. Since its first
detection in China in December 2019, the virus has
rapidly spread to more than 200 countries and
territories, infecting over 300 million people and
killing over 6 million as of January 2024 (World Health
Organization (WHO), 2024). The pandemic has also
disrupted the normal functioning of societies,
such as education,

affecting various aspects

employment, trade, travel, and human

(Hosseinzadeh et al., 2022).

rights

Bangladesh, a densely populated and low-resource
country in South Asia, has been severely affected by
the COVID-19 pandemic. The first confirmed case of
COVID-19 in Bangladesh was reported on March 8§,
2020. Since then, the country has witnessed several
waves of infections and deaths, with varying intensity
and duration (Saha & Gulshan, 2021). As of January,
2023, Bangladesh has reported 2,046,165 confirmed
cases and 29,477 deaths to COVID-19
(Anonymous, 2023a, 2023b; Lytton & Ghosh, 2024).
The country has also administered 361,674,660 doses
of COVID-19 vaccines, fully vaccinating 142,193,280
people or 85.6% of its population (UNICEF, 2022).

due

The COVID-19

influenced by multiple factors, such as the virus

situation in Bangladesh is
characteristics, the public health interventions, the
health capacity, the
conditions, and the
(Hosseinzadeh et al, 2022). Understanding these

factors and their interactions is crucial for developing

system socio-economic

environmental factors

effective strategies to prevent, control, and mitigate
the impact of the pandemic. However, there is a
challenge to achieve a comprehensive and up-to-date
data and analysis on the COVID-19 situation in
Bangladesh, which hinders evidence-based decision-
making and policy formulation (Anwar et al., 2020;
Ferdous et al., 2020; Hasan et al., 2021; Siddika &
Islam, 2022).

This work aimed to provide a unique analysis and

comprehensive insight interpretation and
extrapolation of the future perspective from the graph
of COVID-19 in Bangladesh. The graph is a surface
plot showing the relationship between new COVID-19
cases and deaths in Bangladesh over three years, from
January 2020 to January 2023. This graph was used as
a basis to explore the trends and patterns, the possible
factors, and the future scenarios of the COVID-19
situation in Bangladesh. Web search results were also
used to supplement the analysis with additional
information and references. The analysis was
intended to contribute to the understanding of the
COVID-19 situation in Bangladesh and provide some
implications and recommendations for the
policymakers and the public. This study aims to
analyze temporal trends, seasonal variations, and key
determinants of COVID-19 morbidity and mortality in
Bangladesh between 2020 and 2023 to inform targeted

interventions.

MATERIAL AND METHODS

The data used for this analysis was obtained from
the World Health Organization (WHO) COVID-19
dashboard, which provides daily updates on the
confirmed cases and deaths due to COVID-19 in
Bangladesh and other countries (WHO, 2023a). The
data covered the period from 1% January, 2020 to 1<
January, 2023 and included the following variables:
reporting date, new cases, cumulative cases, new

deaths, and cumulative deaths.

The data was downloaded as a comma-separated
values (CSV) file and imported into Minitab version
17.1.0, a commercially available Statistical Process
(SPC)
computing and graphics developed by Minitab LLC,

Control software package for analytical
State College, Pennsylvania, USA. The data was
cleaned to remove any missing or erroneous values
and transformed to create new variables, such as
season, case fatality rate, and moving average
(Alotaibi et al.,, 2022). Missing or erroneous data
(<0.1% of entries) were excluded. Seasons were
assigned as Winter (December-February), Spring
(March-May), Summer (June-August), and Autumn
(September—-November).

56



Eissa (2025) Acta Natura et Scientia 6(1), 55-65

p ACTANATURA ET SCIENTIA

The season variable was created by assigning each
date to one of the four seasons: Winter (December to
February), spring (March to May), summer (June to
August), and autumn (September to November)
(Borges do Nascimento et al., 2020). The data was
examined using a surface plot, which is a type of plot
that shows the relationship between three variables

using surfaces.

The data was also analysed using exploratory
process-behaviour charts, which are a type of control
chart that can help to assess the stability and variation
of a process over time (Anonymous, 2024). The charts
showed the upper control limits of the new cases and
new deaths, which indicate the range of expected
variation for the process. Any data point that falls
outside the control limits suggests a possible change

in the process behaviour.

Statistical Analysis

The statistical analysis of the COVID-19 data from
Bangladesh involved the following steps and methods
(Giirsakal et al., 2020):

3D Surface Plot

A 3D surface plot was created using the variables
date, new cases and new deaths. This showed the
relationship between new cases, date and hew deaths
over time. The plot revealed that new cases were
highest during the summer season (June to August) of
2020 and 2021. Cases started to decline from late 2021
onwards. The surface plot provided a visual
understanding of how cases fluctuated with death

through the time period of the 3 years.

Pareto Diagram

A Pareto diagram was created to identify the
frequency of cases and deaths. The Pareto diagram is
a type of bar chart that shows the frequency of
different categories in descending order, along with a
cumulative percentage line. The Pareto diagram was
created using the data from the WHO COVID-19
dashboard.

Median Control Charts

Median control charts were created to monitor the

central tendency of new cases and new deaths over

time. The median is a measure of location that is less
sensitive to outliers than the mean. The median
control charts were created using the variables new
cases and new deaths, along with the time order. The
median control charts showed the upper control limits
of the new cases and new deaths, which indicate the
range of expected variation for the process. Any data
point that falls outside the control limits suggests a
possible change in the process behaviour. The control
limits were calculated using the average moving
range method, which uses the average of the
differences between consecutive observations as a
measure of variability. The control charts were created
for both recorded daily cases and deaths, to compare
the seasonal effects on the process. Ethical approval
was not required for this study as it utilized
anonymized, publicly available data from the WHO
COVID-19 dashboard.

RESULTS

The analysis identified the distribution of new
COVID-19 cases in Bangladesh over specific months
and years using Pareto method. In this case, the Pareto
technique shows the new cases of COVID-19 reported
in Bangladesh during different time periods, as well
as the cumulative percentage of total cases up to that
point. The study reveals that July 2021 had the highest
number of new cases, accounting for 16.5% of the total
cases, followed by August 2021 with 12.3%, and
January 2022 with 10.5%. The screening indicates that
the new cases of COVID-19 in Bangladesh varied
significantly over time, with some months and years

having more cases than others.

Figure 1 shows a 3D surface plot of the new deaths
of COVID-19

Bangladesh over time. The x-axis indicates the

versus new  cases reported in
reporting date, while the y-axis shows the number of
new cases and the z-axis shows the number of new
deaths. The color gradient represents the increase in
values, ranging from green (low) to blue (high). The
figure shows that the new deaths were lower when the
new cases were fewer on earlier dates, while the new
deaths increased as the new cases rose over time. The
figure also shows some peaks indicating spikes in new

deaths corresponding with increases in new cases.
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Surface Plot of New_deaths vs New_cases, Date_reported

Figure 1. Temporal trends in new cases and deaths of
COVID-19 in Bangladesh from January 2020 to
January 2023
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Figure 2. Seasonal variation in new cases and deaths
of COVID-19 in Bangladesh from January 2020 to
January 2023

Figure 2 shows a Pareto chart of the new cases of
COVID-19 reported in Bangladesh by season. The x-
axis indicates the season, while the y-axis on the left
shows the number of new cases and the y-axis on the
right shows the cumulative percentage of new cases.
The bars represent the new cases in each season, while
the line graph shows the cumulative percentage of
new cases for each season. The figure shows that

summer accounted for more than half of the total new

cases, followed by winter, spring, and autumn,
respectively. Summer recorded the highest cases
(50.3%) and deaths (59.1%), followed by winter (22.1%
cases; 9.6% deaths). Spring and autumn accounted for
16.8% and 14.5% of deaths, respectively. In terms of
cases, they showed 15.3% and 12.4%, respectively. The
table below the chart summarizes the new cases and

percentages for each season.

Figure 2 shows a Pareto chart of the new deaths
from COVID-19 reported in Bangladesh by season.
The x-axis indicates the season, while the y-axis on the
left shows the number of new deaths and the y-axis on
the right shows the cumulative percentage of new
deaths. The bars represent the new deaths in each
season, while the line graph shows the cumulative
percentage of new deaths for each season. The figure
shows that summer accounted for more than half of
the total new deaths, followed by spring, autumn, and

winter, respectively.

Figures 3 and 4 shows a trending chart of the new
cases and deaths per day of COVID-19 reported in
Bangladesh over time. The y-axis indicates the
number of cases per day, while the x-axis shows the
date and season. The horizontal lines represent the
upper control limit (UCL), the mean (X-bar), and the
lower control limit (LCL) (Eissa, 2022; Essam Eissa,
2023; Eissa & Rashed, 2023). The data points are
marked by black crosses connected by a line. The
figure shows that the new cases fluctuated around the

mean.

According to the WHO COVID-19 dashboard, as of
4 January 2024, Bangladesh has reported 2,046,165
confirmed cases and 29,477 deaths due to COVID-19.
The country has also administered 361,674,660 doses
of COVID-19 vaccines, fully vaccinating 142,193,280
people or 85.6% of its population (WHO, 2024).
However, the country is still facing challenges such as
the emergence of new variants, the waning of vaccine
immunity, and the relaxation of preventive behaviors
(Anonymous, 2024). Therefore, it is important to
continue to follow the public health guidelines and to

monitor the situation closely.
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Figure 3. Seasonal trends in new cases of COVID-19 in Bangladesh from January 2020 to January 2023
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Figure 4. Seasonal trends in mortality rates of COVID-19 in Bangladesh from January 2020 to January 2023

DISCUSSION

The results of 3D visualization show a clear
pattern of new COVID-19
Bangladesh, with spikes during the summer and
This

transmission is influenced by environmental factors

seasonal cases in

winter seasons. suggests that the virus
such as temperature, humidity, and sunlight, as well
as human behavior such as indoor activities and travel
patterns (Saha & Gulshan, 2021; Kochanczyk &

Lipniacki, 2021; Cegolon et al., 2023; WHO, 2023b).

The results also show a remarkable peak and decline
in both new cases and deaths in the summer of 2021,
reaching almost 300 deaths per day at its highest point
and dropping below 50 deaths per day by the end of
the season (Anonymous, 2021). This could be
attributed to several factors, such as the emergence of
a new variant, the relaxation or tightening of public
health measures, the increase or decrease of testing
and reporting, or the effect of vaccination campaigns.
The results also show a significant spike in both new

cases and deaths around early 2022, coinciding with
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the emergence of the highly contagious Delta variant
in neighboring India and its spread to Bangladesh
(WHO, 2023b). This highlights the need for timely and
effective response to the emergence and spread of new
variants, and the importance of regional and global

cooperation and coordination to contain the virus.

The results also show a decline in both new cases
and deaths in late 2022 and early 2023, indicating a
reduction in transmission and mortality. This

demonstrates the impact and benefits of
implementing strict lockdown measures, ramping up
testing and tracing, improving healthcare facilities,
and rolling out vaccination campaigns, and the
necessity of sustaining and scaling up these efforts
(Saha & Gulshan, 2021; WHO, 2023b). To predict the
future trends of the pandemic, it is essential to
consider various factors, such as the vaccination rates,
the public health measures, the virus variants, and the
socio-economic impacts (Saha & Gulshan, 2021).
According to the WHO, as of 4 January 2024,
Bangladesh has fully vaccinated 142.2 million people,
or 86.4% of its population (Anonymous, 2021). This is
a remarkable achievement that could help prevent
and deaths 2024).

However, there are still challenges and uncertainties,

severe cases (Anonymous,
such as the emergence of new variants, the waning of
vaccine immunity, the relaxation of preventive
behaviors, and the inequity of vaccine access.
Therefore, it is crucial to maintain vigilance and
preparedness, and to adopt a holistic and adaptive

approach to end the pandemic.

The Pareto results show a clear seasonal variation
in the number of new COVID-19 cases in Bangladesh,
with summer and winter having the highest peaks
and autumn having the lowest trough. This suggests
that

environmental factors such as temperature, humidity,

the virus transmission is influenced by
and sunlight, as well as human behavior such as
indoor activities and travel patterns (Saha & Gulshan,
2021). This is consistent with previous studies that
have reported seasonal patterns of COVID-19 in
different regions of the world (Anwar et al., 2020). The
results also show that summer had the most severe
outbreak of COVID-19 in Bangladesh, with over one
million new cases accounting for more than half of the

total cases. This could be due to several reasons, such

as the relaxation of lockdown measures, the
emergence of new variants, the low vaccination
coverage, and the lack of public awareness — which is
a major problem in many countries around the globe -
and compliance with preventive measures. This
highlights

interventions to control the spread of the virus and

the need for timely and effective
protect the population, especially during the high-risk
seasons. The results also show that winter had the
second-highest peak of COVID-19 in Bangladesh,
with nearly 450,000 new cases contributing to 22.1% of
the total cases. This could be due to the increased
susceptibility of people to respiratory infections in
cold and dry weather, the reduced effectiveness of the
immune system, the increased indoor gatherings and
social events, and the reduced ventilation and air
quality (Tuli et al, 2020, Hossain et al., 2021;
Anonymous, 2024; WHO, 2024). This indicates the
importance of strengthening the health system and
enhancing the testing and tracing capacity, as well as
promoting preventive behaviors and measures among

the public, especially during the winter season.

The graph shows that there is a clear seasonal
variation in the number of new COVID-19 deaths in
Bangladesh, with summer and spring having the
highest peaks and winter having the lowest trough.
This suggests that the virus fatality is influenced by
environmental factors such as temperature, humidity,
and sunlight, as well as human behavior such as
indoor activities and travel patterns. This is consistent
with the previous discussion on new cases, which also

showed a seasonal pattern.

The graph shows that summer had the most severe
impact of COVID-19 in Bangladesh, with over 17,000
new deaths accounting for 59.1% of the total deaths.
This aligns with the previous discussion on new cases,
which also showed that summer had the most severe
outbreak of COVID-19 in Bangladesh. The summer
2021 peak aligns with the Delta variant’s emergence
and relaxed mobility measures (Anonymous, 2021;
Saha & Gulshan, 2021; WHO, 2023b). Seasonal trends
mirror studies from India and Brazil, where heat and
humidity influenced transmission (Tuli et al., 2020;
Saha & Gulshan, 2021; Hossain et al., 2021;
Anonymous, 2021, 2024; Essam Eissa, 2023; Eissa &
Rashed, 2023; WHO, 2023b, 2024).

60



Eissa (2025) Acta Natura et Scientia 6(1), 55-65

p ACTANATURA ET SCIENTIA

The graph shows that spring had the second-
highest peak of COVID-19 in Bangladesh, with nearly
5,000 new deaths contributing to 16.8% of the total
deaths. This is different from the previous discussion
on new cases, which showed that winter had the
second-highest peak of COVID-19 in Bangladesh. This
could be due to the delayed effect of the virus on the
mortality rate, as well as the increased strain on the
health system and the limited availability of medical

resources and treatments.

The graph shows that autumn had a decline in the
number of new COVID-19 deaths in Bangladesh, with
around 4,000 new deaths contributing to 14.5% of the
total deaths (Tuli et al., 2020; Hossain et al., 2021;
Anonymous, 2024; WHO, 2024). This is similar to the
previous discussion on new cases, which also showed
that autumn had a decline in the number of new
COVID-19 cases in Bangladesh. This could be due to
the improved public health measures or the
environmental conditions that might have started
showing positive effects. While cases peaked in
summer and winter, deaths were highest in summer
and spring, likely due to delayed mortality reporting

and healthcare strain during overlapping waves

The graph shows that winter had the lowest impact
of COVID-19 in Bangladesh, with around 2,800 new
deaths contributing to 9.6% of the total deaths. This is
different from the previous discussion on new cases,
which showed that winter had a resurgence of
COVID-19 in Bangladesh. This could be due to the
improved public health measures or the adaptation to
the environmental conditions that might have been
conducive to virus transmission. Integrating the data
on new deaths with the previous discussion on new
cases provides comprehensive insights into both the
infection rate and the fatality rate of COVID-19 across
different seasons in Bangladesh. The graph shows that
summer and spring were the most critical periods for
COVID-19 in Bangladesh, while autumn and winter
were relatively less affected (Tuli et al., 2020; Hossain
etal.,, 2021; Anonymous, 2024; WHO, 2024). Therefore,
it is important to continue to implement and enforce
effective public health measures, such as wearing
masks, social distancing, and

testing, tracing,

isolating, as well as to accelerate the vaccination

campaign and monitor the emergence and spread of

new variants.

Based on the graph, it is possible to project the
future trend of COVID-19 in Bangladesh, assuming
that the current situation and interventions remain
unchanged. The graph indicates that spring and
autumn have lower numbers of new cases than
summer and winter, but still higher than the global
average (WHO, 2024). The order seems different for
daily recorded deaths. Therefore, it is important to
stress again to continue to implement and enforce
effective public health measures, such as wearing
masks, social distancing, testing, tracing, and
isolating, as well as to accelerate the vaccination
campaign and monitor the emergence and spread of

new variants.

The graph shows a clear seasonal pattern of new
COVID-19 cases in Bangladesh, with spikes during the
winter and summer seasons (Saha & Gulshan, 2020).
This suggests that the virus may be more transmissible
or virulent in colder or hotter weather, or that people’s
behavior and mobility may change with the seasons,
affecting the spread of the virus (Tuli et al., 2020;
Hossain et al., 2021; Anonymous, 2024; WHO, 2024).
This is consistent with previous studies that have
reported seasonal patterns of COVID-19 in different

regions of the world.

The graph also shows the upper control limit
(UCL) of the number of cases, which are calculated
based on the average and standard deviation of the
data. There is no lower control limit (LCL) as this type

of data is one-sided inspection characteristic.

These limits indicate the range of variation that is
expected or normal for the process. Any data point
that falls outside the control limits is considered an
outlier or a signal of a special cause of variation, such
as a change in policy, testing, or intervention (Eissa et
al., 2016; Essam Eissa & Refaat Rashed, 2020). This can
help to identify and address the factors that affect the
process performance and quality.

To extrapolate the future perspective of the
COVID-19

anticipate similar patterns of case increases during the

situation in Bangladesh, one might

winter and summer seasons, unless significant

interventions or changes occur, such as widespread
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health

protocols, or emergence of new variants (Eissa, 2024).

vaccination, implementation of stricter
The control limits can also be used to monitor the
process and detect any abnormal or unexpected
changes in the number of cases. This can help to
evaluate the effectiveness of the interventions and

adjust the response accordingly.

Figure 4 show that the mortality rate of COVID-19
in Bangladesh has varied over time, with a peak and
decline in the summer of 2021 and a seasonal trend
across the years. This section will discuss the possible
explanations and implications of these findings, as
well as the limitations and recommendations for

future research.

The remarkable peak and decline in the summer of
2021 could be attributed to several factors, such as the
emergence of a new variant, the relaxation or
tightening of public health measures, the increase or
decrease of testing and reporting, or the effect of
vaccination campaigns. However, the exact causes
and contributions of these factors are difficult to
determine, as they may interact and vary across
regions and populations (Tuli et al., 2020). Further
studies are needed to investigate the epidemiological
and behavioral dynamics of this period and to
effectiveness of the

evaluate the impact and

interventions implemented.

The seasonal pattern observed in the graph
suggests that the virus may be more transmissible or
virulent in hot and humid conditions, or that people
may have lower immunity or more exposure to the
virus during the summer. This is consistent with some
previous studies that have found a correlation
between temperature, humidity, and COVID-19
transmission (Saha & Gulshan, 2020). However, other
studies have challenged this hypothesis, arguing that
other factors, such as population density, mobility,
social mixing, and indoor ventilation, may play a
more important role in determining the seasonality of
the virus (Anwar et al., 2020). Moreover, the seasonal
variation may also reflect the variation in testing and
reporting, as well as the lag between infection and
death (Johnsen et al., 2022). Therefore, more research
is needed to understand the environmental and social
factors that influence the seasonality of COVID-19 and

to develop appropriate strategies to prevent and

control the spread of the virus in different seasons.

Based on the graph, one might expect the death
rates to remain low or stable in the upcoming winter
season, and possibly rise again in the next summer
season (Hossain et al., 2021). However, this projection
is subject to many uncertainties and assumptions, and
should not be taken as a definitive forecast (Tuli et al.,
2020). The future course of the pandemic will depend
on many factors, such as the evolution of the virus, the
availability and effectiveness of vaccines and
treatments, the adherence and enforcement of public
health guidelines, and the behavior and awareness of
the population. Therefore, it is important to monitor
the situation closely and adjust the response

accordingly.

One of the main limitations of this study is that it
relies on the official data reported by the government
and the WHO, which may not reflect the true extent
and severity of the pandemic in Bangladesh. There
may be underreporting or misreporting of cases and
deaths due to various reasons, such as lack of testing,
stigma, or political pressure (Siddika & Islam, 2022).
Moreover, the data may not capture the differences
and disparities among different regions, groups, and
settings within the country (Hasan et al., 2021).
Therefore, the results of this study should be
interpreted with caution and validated by other
sources of data, such as serological surveys, mortality
registries, or hospital records (WHO, 2023a).

Another aspect that should be considered as a
future extension of this study is that other factors
should be considered, such as the hospitalization rate,
the recovery rate, the excess mortality, and the quality
of life (Alotaibi et al., 2022).

comprehensive and holistic data of these kinds are not

Unfortunately,

always available. Moreover, the pandemic has also
caused significant social, economic, and psychological
consequences, such as poverty, unemployment,
inequality, violence, and mental health problems,
which may affect the health and well-being of the
population in the long term (Borges do Nascimento et
al., 2020). Therefore, future studies should adopt a

more comprehensive and holistic approach to
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measure and evaluate the impact of COVID-19 in

Bangladesh and other countries.

CONCLUSION

In conclusion, this study has shown that the
morbidity and mortality rates of COVID-19 in
Bangladesh has varied over time, with a peak and
decline in the summer of 2021 and a seasonal trend
across the years. The possible explanations and
implications of these findings have been discussed, as
well as the limitations and recommendations for
future research using special and unique statistical
techniques. The study highlights the need for
continuous monitoring and evaluation of the

situation, as well as the development and
implementation of effective and equitable strategies to
prevent and control the spread of the virus and to
mitigate its adverse effects. Assessing the future
projection will be covered in extended study by
monitoring periods after January 2023 and analyzing
morbidities and mortalities till January 2026. A
comparative examination will be conducted to

evaluate the kinetics of the outbreak.

Critical periods for COVID-19 intervention and
prevention in Bangladesh were identified and
prioritized using the Pareto method. The relationship
between new cases, new deaths, and reporting date
was visualized using a surface plot, and the patterns
and trends of the COVID-19 situation in Bangladesh
were revealed. A timely and effective response to new
variants was needed, and regional and global
cooperation and coordination were required to
contain the virus. Lockdown measures, testing and
tracing, healthcare facilities, and vaccination
campaigns were sustained and scaled up to reduce
transmission and  mortality. Vigilance and
preparedness were maintained, and a holistic and
adaptive approach was adopted to end the pandemic.
Moreover, the Pareto chart of new COVID-19 deaths
in Bangladesh by season reveals a clear seasonal
variation, with summer and spring being the most
fatal and winter being the least. This is partly
consistent with the chart of new cases, which also
showed a seasonal pattern, except for winter. The
reasons for the seasonal variation could be related to

environmental and behavioral factors, as well as the

virus characteristics and the health system capacity.
The findings suggest that preventive measures and
vaccination programs should be tailored to the
seasonal trends and the local context to effectively
control the pandemic. The process-behavior charts of
new COVID-19 cases and deaths in Bangladesh
confirmed the seasonal pattern with aberrant waves
emerging above the UCL suggesting out-of-control
episodes of the outbreak. To effectively manage future
public health crises, it's recommended that pre-
emptive vaccination drives be conducted before
anticipated summer and winter peaks in disease
transmission. Furthermore, resource allocation to
hospitals should be strategically increased during
these high-risk seasons to ensure adequate capacity.
Finally, public awareness campaigns are crucial to
target and mitigate behavioral risks, such as increased
indoor gatherings during winter, that can contribute

to viral spread.
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MAKALE BIiLGIiSI OZET

]gﬂl"”l" Gegmisi Bu ¢alisma, Kastamonu ilinin stit sigircilig: agisindan 6ne ¢ikan tig ilgesi olan Daday,
elis: 26.04.2025

Dﬁziltme: 29.05.2025 Taskoprii ve Merkez ilgelerinde, 2019-2024 yillar1 arasinda Kastamonu Koy Kalkinma ve

Diger Tarimsal Amaclh Kooperatifler Birligi'ne iiye isletmelerde yetistirilen Simental irki

siit sigirlaria ait aylik, mevsimsel ve yillik siit verimi ile siit yag orani degisimlerini

Siit yag orani

2”“?”" Kelimeler: ortaya koymak amaciyla yapilmistir. Calismada 2019, 2020, 2021, 2022, 2023 ve 2024
astamonu

Siit toplama merkezi yillarina ait veriler kullamilmis, siit yagi ve siit miktarlar1 6zelliklerinde aylar ve
Simental

mevsimsel degisimlerin etkileri varyans analiz ve Duncan c¢oklu testleri ile
degerlendirilmistir. Degerlendirme sonuglarina gore Kastamonu-Merkez ve Taskoprii
ilgelerinde siit miktarlarinin yillara gore 6nemli (P<0.01) farklilik gosterdigi belirlenmis,
Daday ilgesinde ise siit verimi bakimindan yillara gore herhangi bir farklilik tespit
edilmemistir. Siitteki yag orani her {i¢ ilcede de yil faktoriine gore istatistiki olarak
onemli olmustur (P<0.01). Mevsim ve ay faktorlerine gore ii¢ ilgede siit miktar: istatistiki
olarak onemli farklilik gostermis (P<0.01), Merkez, Daday ve Tagkoprii ilgelerinde en
yiiksek siit miktar1 yaz mevsiminde elde edilmistir. Siitteki yag oran1 degiskenine gore,
Daday ilgesi mevsimlere gore anlaml farklilik gostermezken, Merkez ve Taskoprii
ilgelerinin istatistiki olarak onemli farklilik gosterdigi (P<0.01) belirlenmistir. Hem
Merkez (3,83) hem de Taskdprii (3,99) ilgelerinde siitteki yag oraninin en yiiksek oldugu
mevsim sonbahar olmustur. Alt1 yilin siit miktar1 ortalamalarina gére Merkez ilgede en
yiiksek siit veriminin Haziran ve Temmuz aylarinda, Daday ilgesinde Mayis-Haziran-
Temmuz ve Agustos aylarinda, Taskoprii ilgesinde ise Haziran ayinda oldugu
saptanmuistir. Siit yag oran1 degiskeni tizerinde ay faktorii, Merkez ve Tagkoprii ilgeleri
i¢in istatistiki anlamda 6nemli farklilik gosterirken, Daday ilgesi icin siitteki yag oram
aylara gore farklilik gostermemistir. Merkez ilgesi verilerine gore en yiiksek yag oram
Ekim-Kasim-Aralik ve Ocak aylarinda elde edilirken, Taskoprii ilgesinde en yiiksek yag

orani Ekim-Kasim-Aralik aylarinda tespit edilmistir.
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This study was conducted to investigate the monthly, seasonal, and annual
variations in milk yield and milk fat content of Simmental dairy cattle raised on
member farms of the Kastamonu Union of Village Development and Other
Agricultural Cooperatives between 2019 and 2024, specifically in the three districts
of Daday, Taskoprii, and the Central district, which are prominent in dairy farming
within the province of Kastamonu. The data used in the study were collected for the
years 2019, 2020, 2021, 2022, 2023, and 2024. The effects of monthly and seasonal
variations on milk yield and milk fat content were analyzed using analysis of
variance (ANOVA) and Duncan’s multiple range tests. According to the findings,
statistically significant differences (P<0.01) were observed in milk yield over the
years in the Central and Taskoprii districts, whereas no significant variation was
found in Daday district. Milk fat content showed statistically significant differences
by year (P<0.01) across all three districts. Regarding the effects of season and month,
milk yield exhibited statistically significant differences (I’<0.01) in all three districts,
with the highest yields recorded during the summer season in the Central, Daday,
and Tagkoprii districts. While seasonal variations in milk fat content were not
statistically significant in the Daday district, significant differences (P<0.01) were
observed in the Central and Tagkoprii districts. The highest milk fat content was
recorded during the autumn season in both the Central (3.83%) and Taskoprii
(3.99%) districts. Based on the six-year average milk yields, the peak months for milk
production were June and July in the Central district, May through August in the
Daday district, and June in the Tagkoprii district. The effect of the month on milk fat
content was statistically significant in the Central and Taskoprii districts, but not in
Daday. In the Central district, the highest milk fat content was observed during
October, November, December, and January, while in Taskoprii, it peaked in

October, November, and December.

GIRiS

olmaktadir. Cig siitiin bilesimi; yag, protein, kuru

Siit, igerdigi yiiksek biyolojik degere sahip besin
Ogeleri sayesinde insan saglig1 acisindan son derece
onemli bir hayvansal gidadir. Ozellikle kemik ve dig
gelisimi basta olmak {izere viicut fonksiyonlarinin
saglikli bir sekilde siirdiiriilebilmesi icin gerekli temel
bilegenleri icermektedir. Siit ve siit trlinlerinin
kalitesi, bu {iriinlerden beklenen besin degerinin
saglanabilmesi ve tiiketici saghfinin korunmasi
agisindan biiylik Onem tasimaktadir. Kalitesiz ¢ig
siitten {iretilen yogurt, peynir ve tereyagi gibi siit
iirlinlerinde istenmeyen tat, koku ve kisa raf mrii gibi
sorunlar ortaya cikmakta; bu da hem ekonomik

kayiplara hem de gida giivenligi risklerine neden

madde ve asitlik gibi parametreler iizerinden
degerlendirilmekte olup, bu bilesenler {iriin kalitesini
ve iglenebilirligini dogrudan etkilemektedir. Gelismis
iilkelerde siit fiyatlandirmasi, s6z konusu kalite
parametreleri dogrultusunda belirlenmekte ve bu
sayede iireticiler ve siit isleme tesisleri, karliliklarinm
kaliteye dayal olarak sekillendirebilmektedir. Ancak,
Tiirkiye’de siit kalitesine dayali bolgesel veya ulusal
diizeyde etkin bir fiyatlandirma  politikasi
bulunmamaktadir. Bu durum da firetici ve
isletmelerin ekonomik siirdiiriilebilirligini olumsuz
yonde etkilemektedir. Oysa siit bilesimi; isletme

yapisi, hayvan irki, mevsim, yemleme sekli, hayvan
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saghgr ve sagim sikligi gibi cesitli cevresel ve
yonetimsel faktorlerden dogrudan etkilenmektedir
(Ozhan vd., 2015; Ozlem, 2019).

Siit ve siit tirtinleri, mikrobiyal aktiviteye karg
oldukca hassas olup, cabuk bozulabilir nitelikte
gidalardir. Bu nedenle tiretimden tiiketime kadar olan
siirecte gida giivenligi kurallarina siki stkiya uyulmasi
gerekmektedir.  Tiirkiye’de  siit  hayvancilig:
isletmeleri ile siit isleme sanayi arasinda yeterli bilgi
akisinin saglanamamasi, bu hassas tiriin grubunda
ciddi gida giivenligi problemlerine neden olmaktadir.
Bu sorunlara ¢6ziim olarak son yillarda Siit Toplama
Merkezleri’'nin (STM) sayisinda artis gozlemlenmistir.
Bu merkezler; ¢ig siitiin  modern tesislere
ulastirilmasinin yani sira {ireticilerin orgiitlenmesini,
egitilmesini, toplu pazarlik giiciiniin artirilmasin ve
veteriner hizmetleri ile yem temini gibi destekleri
miimkiin ~ kilarak

desteklemektedir.

kirsal kalkinmay1 da

Tiirkiye’de modern stit
isletmelerinde ¢ig siit oraninin artirilmas: icin 1987
yiindan beri siit tesvik primi gibi destekleme
politikalarma bagvurulmaktadir. Bu diizenleme,
belirli sartlar1 tasiyan modern siit isletmeleri igin
merkezlerin

yapilmustir. Ayrica bu

yayginlastirilmasiyla sokak siit¢iiliigiiniin  Oniine

gecilmesi hedeflenmistir (Sayin vd., 2010).

Gelismis {ilkelerde ¢ig siitiin ¢ok biiyiik bir kismi1
(%97-98) modern isletmelere yonlendirilerek hijyenik
ve kontrollii kosullarda islenmekte ve
pazarlanmaktadir. Bu {ilkelerde siit pazarlamasi
cogunlukla kooperatifler araciligiyla yiiriitiilmekte
%91,

Almanya’da ise %70 civarindadir. Tiirkiye'de ise

olup, Ornegin Danimarka’da bu oran
kooperatifler iireticiden siitii alarak uygun kosullarda
saklamaktadir. Gelismis {ilkelerde firetilen siitiin
%0,5-0,6's1 herhangi bir islem gormeden, %99,5'i
modern isletmelerde islem gorerek tiiketiciye
ulagtirilmaktadir. Sanayiye giden ¢ig siit oranina
gelince AB'nde ortalama %94,8 iken Danimarka’da
%95,7, %94,4  ve
%69,1’dir. Tiirkiye’de ise %20 seviyesindedir (Sayin

vd., 2010).

Almanya’da Yunanistan’da

Sut ve siit drlinlerinin tiretimi icin Ozellikle siit
kooperatifleri kiiglik siit iireticilerine destek olarak

halkin ihtiyacini kargilamak, sektoriin rekabet giiciinii

artirarak, yerel girisimciligi tesvik ederek, kirsal
destek

orman

kalkinmaya olmak amacindadirlar.

Glintimiizde koylerini kalkindirma
kooperatiflerinin kurulus amaci orman koyliisiiniin
olumsuz yasam kosullarini iyilestirerek, fakir orman
koylerinin kalkinmasina olanak saglamaktir. Ayrica,
baskinin  kaldirilmasini

ormanlar  tizerindeki

saglamaktir (Celik & Karaalp-Orhan, 2021).

Ormancilik kooperatiflerinin ¢alisma konulars,
ormanlarda kesme, siiriitme, isleme, depolama, imal,
bakim, agaglandirma, yol bakim, agac¢landirma ve yol
yapim ¢alismalar1 ve ikinci olarak ormancilik islemleri
disinda tretilen triinler (el sanatlari, {iziim, findik
meyve siit, tavuk, yumurta vb.) degerlendirme ve
satisa sunulmasi igin kii¢cik ve orta Olgekli igletmeler

kurulmustur (Giingen, 2006).

Kiigiik ireticilerin  desteklenmesi ve kirsal
kalkinmanin saglanmasinda 6énemli faktorlerden biri
olan siit kooperatifleri yerel iireticileri bir araya
getirerek hem ekonomik verimliligi artirmakta hem
de firetici gelirini ve yasam standartlarim
iyilestirmeye katki sunmaktadir. Benzer sekilde,
ormancilik kooperatifleri de orman koylerinde
yasayan halkin ekonomik kalkinmasini saglamak,
yasam kosullarim1  iyilestirmek ve ormanlar
tizerindeki insan baskisini azaltmak amaciyla faaliyet
gostermektedir (Celik & Karaalp-Orhan, 2021). Bu
kooperatifler, sadece ormancilik faaliyetleriyle smirh
kalmayip, el sanatlari, tarim ve hayvancilik
tirtinlerinin {iretimi ve pazarlanmasma da katk:
sunarak kirsal kalkinmayi ¢ok boyutlu bir sekilde

desteklemektedir (Glingen, 2006).

Ozetle; siit sigirailigl, hayvansal iiretim icerisinde
onemli bir yer tutmakta ve kirsal kalkinmanin
saglanmasinda kritik bir rol oynamaktadir. Bu
baglamda yiiksek verim potansiyeline sahip kiiltiir
irklarmin ~ bolgesel  kosullara ~ uyumu  ve
performanslarinin izlenmesi, siirdiiriilebilir ve karh
bir hayvancilik icin biiyitk 6nem tasimaktadir.
Simental ki sigirlar hem siit hem de et verimi
agisindan cift yonlii degerlendirilebilen bir irk olarak
Tiirkiye’de yayginlasmakta, 6zellikle kirsal alanlarda
kiiciik ve orta 6lcekli isletmeler icin cazip bir segenek
olusturmaktadir. Siit verimi ve siit yag orani hem

iiretici gelirini dogrudan etkileyen hem de siit isleme
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sanayii agisindan  kaliteyi  belirleyen  temel
parametreler arasinda yer almaktadir. Ancak, bu
degerlerin zaman igindeki degisimi; 1rk, cevresel
kosullar, besleme, bakim ve ydnetim uygulamalar:

gibi pek ¢ok faktorden etkilenmektedir.

Bu calisma, Kastamonu ilinin siit hayvancilii
agisindan one ¢ikan iig ilgesi olan Daday, Taskoprii ve
Merkez 2019-2024  yillan
Kastamonu Koy Kalkinma ve Diger Tarimsal Amach
(KOY-KOOP)

isletmelerde yetistirilen Simental irki siit sigirlarina ait

ilgelerinde, arasinda

Kooperatifler Birligi'ne uye
aylik, mevsimsel ve yillik siit verimi ile siit yag orani
degisimlerini ortaya koymayi amaglamaktadir.
Calismanin bulgulari, hem bdlgedeki siit {iretiminin
mevcut durumunu degerlendirmek hem de
kooperatif temelli {iretim modellerinin verimlilik
tizerindeki etkisini analiz etmek agisindan Onem
tasimaktadir. Ayrica, elde edilen verilerin sektorel
planlama, fiyatlandirma politikalar1 ve bolgeye 6zgii
1slah stratejilerinin  gelistirilmesine katki sunmasi

hedeflenmektedir.

MATERYAL VE YONTEM

Bu calismada, Tablo 1'de gosterilen Kastamonu
Koy Kalkinma ve Tarimsal Amacli Kooperatifler
Birligi'nin Kastamonu-Merkez, Daday ve Taskoprii
Simental irkina
2019-2024  yillar

(ilkbahar, yaz, sonbahar ve kis) ve aylara gore siit

ilgelerindeki sigir sahip tiye

igsletmelerin; icin mevsimlere
verimleri ve siit yagi oranlarn ile ilgili veriler

kullanilmistur.

Table 1. Number of cooperatives in Kastamonu
province

Tablo 1. Kastamonu ili kooperatif sayis

flceler Kooperatif Sayis1
Merkez 71
Daday 34
Taskoprii 81

Koy Kalkinma ve Tarimsal Amacgli Kooperatifler
Birligine (KOY-KOOP) iiye olan {ireticilerden alinan
siitler, Siit Toplama Merkezlerine (STM) getirilerek
her birinden alman Ornekler wultrasonik ol¢im

teknolojisi ile calisan sistem “Milkana Milkotester

Master Classic” cihazinda 2-10 ml siit ile analiz
yapimistir. Cihaz, Windows isletim sistemi ile
kendine 6zgii yazilim tarafindan analizler kontrol
edilerek, dokunmatik ekran ile kumanda edilmistir.
Yazilim cihazda yapilan analizlerin es zamanl
goriintiilenmesi ve ayarlanmasi, Tarim ve Orman
Bakanlig1 tarafindan olusturulan siit kayit sistemine
ve diger veri tabanlarina uyumlu yapilmistir. Standart
olarak yag, protein, toplam, kuru madde, laktoz
analizlerini yapabilir yapida tam otomatiktir. Cihazin
Olcim araligt seyreltilmemis numuneler igin;
yag %0-48, protein %0-6, laktoz %0-6, toplam kuru
madde %0-50 arasindadir.

KOY-KOOP’a iiye olan iireticilerden rastgele
giinlerde alinan stitlerin siit yag degerleri lgiilerek ve
ay icindeki ortalamalar almarak yag oranin gore
fiyatlandirma yapilmaktadir. Calismada kullanilan
veriler iireticilerden STM’lere getirilen siitlerden

alinan orneklerin yag orani ve siit miktarlaridir.

Sut merkezlerine stitlerin

miktarini ve yag oranini birgok faktor etkiler. Ancak

toplama getirilen
bu calismada, bodlgede yogun olarak yetistirilen
Simental 1rkina ait y1l, mevsim ve ay faktorlerine gore
stitiin miktari ve siitteki yag oraninin {i¢ farkl ilcedeki
degisimi incelenmistir. Siit verimi ve siit yag: ile ilgili
cevre faktOrlerinin etkisini belirlemek i¢in varyans
analizi yapilmis ve Onemli bulunan degerler igin
Duncan ¢oklu karsilastirma testi uygulanmistir (Efe
vd., 2000; Geng & Soysal, 2018). Istatistiksel verilerin
degerlendirilmesinde General Linear Model (GLM)
Univariate yontemi (SPSS, 2020) kullanilmustir.

BULGULAR

Kastamonu ili Merkez, Daday ve Taskoprii ilgeleri
bazinda yiiriitillen bu ¢alismada, siit miktar1 ve
siitteki yag oran1 degiskenleri tizerinde y1l, mevsim ve
ay faktorlerinin istatistiki anlamda 6nemli farkliliklar:
varyans analiz ve Duncan ¢oklu test sonuglar ile
Tablo 2, Tablo 3 ve Tablo 4'te sunulmustur.

Tablo 2'de de goriilecegi tizere; siit miktar:
degiskeni iizerinde Merkez ve Taskopril ilgeleri i¢in
yil faktorii ¢cok OSnemli (P<0.01), Daday ilgesi siit
miktari tizerinde yillar arasinda istatistiki anlamda bir
farklilik Merkez
¢alismanin dayandig1 2019 yilindan 2024 yilina kadar
olan donemde siit miktar: verilerinde; 2019-2020-2021

tespit  edilmemistir. ilcede;
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yillar1 arasinda nispi olarak bir artisin oldugu
2022-2023-2024 yillarinda
%36’lik bir disiisiin oldugu tabloda goriilmektedir

sOylenebilir, yaklasik
(Tablo 2). Taskoprii ilcesinde ise veri analizinin
yapildigr 2019 yili ile 2024 yillar1 arasinda en yiiksek
stit miktar1 tretiminin 2021

yiinda oldugu

saptanmistir (Tablo 2).

Siitteki yag orami degiskeni agisindan verilerin
analizi yapildiginda; ¢alismanin yiriitiildiigii her iig
ilcede de yil faktort, siit yag orani degiskeni tizerinde
istatistiki olarak anlaml farkliliga sebebiyet vermistir.
Merkez ilcede en yiiksek yag orami 2023 ve 2022
yillarinda, Daday ve Taskoprii ilcelerinde ise 2023
yilinda oldugu tespit edilmistir (Tablo 2).

Mevsim faktoriine gore veriler analiz edildiginde;
her ii¢ ilcede de mevsimlere gore siit miktarinin
istatistiki olarak onemli (P<0.01) oldugu saptanmistir
(Tablo 3). Merkez ve Daday ilgelerinde en yiiksek siit
miktar1 yaz mevsiminde, Taskoprii ilgesinde ise en
yliksek siit {iretimi ilkbahar ve yaz mevsimlerinde
Siitteki  yag
bakildiginda ise Daday ilgesi igin siit yag oraninda

belirlenmistir. oran1  verilerine
mevsimlere gore anlamli farklilik saptanmazken,

Merkez ve Tagkoprii ilgelerinin siit yag oram

mevsimlere gore istatistiki olarak Onemli oldugu
(P<0.01) tespit edilmistir. Hem Merkez ilcede hem de
Taskopri ilgesinde siitteki yag oranimin en yiiksek
oldugu mevsim sonbahar olarak tespit edilmistir
(Tablo 3).

Kastamonu ili Merkez, Daday ve Taskoprii
ilgelerinin siit miktarlarnin aylara gore degisimi
analiz edildiginde; her {i¢ ilcede de siit miktarinin
aylara gore istatistiki anlamda ¢ok ©Snemli oldugu
(P<0.01) tespit edilmistir (Tablo 4). Alt1 yilin siit
miktar1 ortalamalar1 baz alindiginda; Merkez ilgede en
yliksek siit tiretimi Haziran ve Temmuz aylarinda;
Daday ilcesinde Mayis-Haziran-Temmuz ve Agustos
aylarinda; Taskoprii ilgesinde ise Haziran ayinda
oldugu belirlenmistir (Tablo 4). Siit yag oram
degiskeni tizerinde ise ay faktorii, Merkez ve
Taskopri ilgeleri icin istatistiki anlamda ¢ok 6nemli
(P<0.01) farkhilik gosterirken, Daday ilgesi igin siitteki
yag orani aylara gore anlamli farklilik gostermemistir.
Merkez ilgesi verilerine gore en yiiksek yag oram
Ekim-Kasim-Aralik ve Ocak aylarinda olurken,
Taskopri ilgesi i¢in de Ekim-Kasim-Aralik aylarinda
gerceklesmistir.

Table 2. Variance analysis and Duncan multiple test results for milk quantity and milk fat ratio variables based on

year factor by district

Tablo 2. licelere gore yil faktérii bazinda siit miktar: ve siit yag orani degiskenlerine gore varyans analizi ve Duncan ¢oklu test

sonuclari

Yil Siit Miktar1 Siit Yag Oram1
Merkez Daday Tagkoprii Merkez Daday Tagkoprii

2019 23211,06+1318,18*  9729,11+910,132 24872,38+769,5b 3,7012+0,037%  3,0037+0,027¢  3,9323+0,012°
2020 21418,35+1184,66*  9752,15+975,52 25288,91+814,36° 3,6096+0,0344 2,9578+0,032¢  3,8744+0,0,0124
2021  22629,29+1730,74*  10040,65+1227,742  28805,57+912,332 3,6637+0,032¢¢  2,9188+0,035¢  3,8847+0,009<
2022  14508,33+911,72° 10262,82+934,642 25718,13+856,81° 3,7912+0,029>  3,3219+0,045>  3,8900+0,01<¢
2023  12701,44+827,05° 10421,37+952,352 21292,49+717,564 3,9728+0,0192 3,5811+0,0422  3,9728+0,012
2024 15613,00+1447,43>  10698,27+1340,16*  22599,66+886,73¢  3,7649+0,027° 3,3668+0,054>  3,9124+0,014%
I3 14,66 1,16 10,797 11,150 49,655 11,759
p ,000 ,327 ,000 ,000 ,000 ,000

Not: a, b, ¢, d: Aymu siitunda ayni harfle gosterilen ortalamalar arasindaki farklar 6nemsiz, farkli harfle gosterilen

ortalamalar arasindaki farklar istatiksel olarak ¢ok 6nemlidir (P<0.01) ve 6énemli (P<0.05) bulunmustur.
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Table 3. Variance analysis and Duncan multiple test results according to milk quantity and milk fat ratio variables

based on seasonal factor by districts

Tablo 3. licelere gore mevsim faktorii bazinda siit miktart ve siit yag orani degiskenlerine gore varyans analizi ve Duncan ¢oklu

test sonuclar

Mevsim Siit Miktar1 Siit Yag Oran1

Merkez Daday Taskoprii Merkez Daday Taskoprii
Kis 13863,59+750,13¢ 6828,22+572,07¢ 19772,78+517,85° 3,77+0,00272>  3,22+0,036*  3,93+0,009°
ilkbahar 18644,89+961,31° 10857,63+879,35° 29070,79+730,842 3,67+0,0022¢ 3,14+0,033*  3,82+0,008¢
Yaz 24272,06+1317,452 15166,92+1037,792 30672,12+767,792 3,70+0,0022b¢ 3,15+0,0332 3,91+0,009°
Sonbahar  13701,26+771,09¢ 8648,29+695,45 18367,20+529,85° 3,83+0,00262 3,20+0,036*  3,99+0,009°
F 25,5656 19,028 91,989 7,171 1,291 59,371
P ,000 ,000 ,000 ,000 276 ,000

Not: a, b, ¢: Aymu siitunda ayni harfle gosterilen ortalamalar arasindaki farklar 6nemsiz, farkli harfle gosterilen

ortalamalar arasindaki farklar istatiksel olarak ¢ok énemlidir (P<0.01) ve 6énemli (P<0.05) bulunmustur.

Table 4. Variance analysis and Duncan multiple test results for milk quantity and milk fat ratio variables based on
month factor by district

Tablo 4. licelere gire ay faktirii bazinda siit miktar: ve siit yag orani degiskenlerine gore varyans analizi ve Duncan ¢oklu test

sonuclart

Ay Siit Miktar1 Siit Yag Oranm1
Merkez Daday Tagkoprii Merkez Daday Tagkoprii

Ocak 14445,93+1278,42°¢ 6998,89+985,73¢ 19970,22+843,09% 3,75+0,044%0«d  3,21+0,0592  3,94+0,016¢
Subat 14411,03+1326,93< 6827,88+987,32¢ 21063,38+912,00¢ 3,71+0,048< 3,20+0,060*  3,85+0,013¢
Mart 17693,62+1623,1bd 8969,18+1293,53b¢ 25839,73+1101,984  3,72+0,039< 3,13+0,059*  3,82+0,015¢
Nisan 18240,14+1544,26%¢ 10120,94+1407,89°  28492,27+1220,37¢¢  3,63+0,038¢ 3,15+0,057*  3,77+0,015#
Mayis 20087,27+1852,27° 13317,29+1770,05®  32747,48+1414,58" 3,68+0,0394 3,13+0,055*  3,86+0,014¢
Haziran = 26099,48+2418,58° 16176,23+1841,97° 36285,29+1427,36* 3,66+0,0394 3,160,055  3,92+0,015«
Temmuz  25465,54+2362,99° 15615,00+1800,852 29728,62+1241,44>  3,74+0,036b«  3,17+0,055*  3,92+0,015<
Agustos  20498,22+1814,21° 13302,54+1675,09®  24976,00+1183,92¢ 3,71+0,0424 3,13+0,064*  3,88+0,017d
Eyliil 16,632,54+1466,92b«¢  10971,07+1405,64>  21159,69+1011,28¢ 3,74+0,045d  3,18+0,0622 3,960,016
Ekim 12243,84+1279,334 7846,64+1113,76¢ 16631,68+848,208 3,860,044 3,21+0,062*  3,99+0,0172
Kasim 12191,90+1197,414 7135,89+1039,98¢ 17143,33+852,498 3,88+0,0492 3,20+0,064*  4,04+0,0152
Aralik 12585,56+1290,52¢ 6619,41+999,43¢ 18026,54+932,24% 3,85+0,048%  3,26+0,069°  4,00+0,0172
F 8,079 6,209 33,354 3,320 431 23,516
p ,000 ,000 ,000 ,000 ,943 ,000

Not: a, b, ¢, d, e: Ayn siitunda ayni harfle gosterilen ortalamalar arasindaki farklar 6nemsiz, farkl harfle gosterilen

ortalamalar arasindaki farklar istatiksel olarak ¢ok dnemlidir (P<0.01) ve énemsiz (P>0.05) bulunmustur.
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TARTISMA

Bu calismada elde edilen bulgular, ¢ig siitiin siit
yag1 oraninin mevsimsel degisimlerden etkilendigini
gostermektedir. Tablo 2’de goriilecegi iizere siitteki
yag oraninda, Daday ilgesinde aylara ve mevsimlere
gore anlamli farklihk saptanmaz iken, Merkez ve
Tagkoprii ilgelerinde en yiiksek siit yag oraninin
%3,99 ile sonbahar mevsiminde oldugu saptanmustir.
Bu durum, o6zellikle bu iki ilgede siit bilesiminin
mevsimsel kosullara duyarh oldugunu
gostermektedir. Adiyaman ilinde yapilan benzer bir
calismada (Akin vd., 2016), ciftlikten temin edilen
siitlerde en diisiik yag orani %3,59 ile ilkbaharda, en
yliksek oran ise %4,02 ile kis mevsiminde rapor
edilmistir. Bu bulgu, ¢alismamizla biiyiik Olgiide
Ortiismekte ve siit kalitesine mevsimsel faktorlerin
etkili oldugunu dogrulamaktadir. Toplayicilardan
elde edilen siitlerde ise yag orani kis (%3,11), ilkbahar
(%2,59), yaz (%2,43) ve sonbahar (%2,65) olarak tespit
edilmis; bu degerler arasinda istatistiksel olarak

onemli (P<0.01) bulunmustur.

Calismamizda, Tablo 2’ye gore en diisiik siit yag
orani %3,13 ile Daday Ilgesinde; Mart, May1s, Agustos
aylarinda, en yiiksek siit yag orami ise Taskoprii
flgesinde Kasim ayinda %4,04 olarak tespit edilmistir.
Aralik ayinda ise bu oran Merkez ilcede %3,85,
Daday’da %3,26, Taskoprii’de %4 oldugu tespit
edilmistir. Bu degerler, Tiirk Gida Kodeksi'nin Cig
Siitlin Arzina Dair Teblig’'ine (Teblig No: 2017/20)
gore belirlenen minimum %3,4 yag orani esigiyle
kiyaslandiginda  bazi donemlerde yetersiz
kalmaktadir (Anonim, 2017). Erzurum Ticaret Borsasi
tarafindan ii¢ ilgede yiiriitiilen bir arastirmaya gore,
Aralik aymnda sogutma tanklarindan alman ¢ig siit
orneklerinin yag oranlar1t %3,44 ile 7,59 arasinda
degistigi ve ortalama %4,78 oldugu bildirilmistir
(Agik & Ozdemir, 2022). Bu oldukga yiiksek degerler,
ozellikle sogutma tanklar1 kullanimi ve sagim sonrasi
hizi sogutmanin siit bilesimine olumlu etkisini

gostermektedir (Acik & Ozdemir, 2022).

Siittin kompozisyonunun bir¢ok faktor tarafindan
Ozek (2015)

bilesiminin genetik yapi ya da irk ile besleme ve

etkilendigi  bilinmektedir. siitiin

cevresel faktorler olmak {izere iki ana grupta

incelendigini ifade etmistir. Mevsimsel degiskenlik,

Ozellikle besleme rejimi ve c¢evresel kosullarla
dogrudan iligkilidir. [lkbahar ve yaz aylarinda merada
otlama ve sicaklik artisina bagl olarak kuru madde
alimi azalmakta, bu durum siit yag1 oranmm
diistirmektedir. Bu aciklama ¢alismamizda elde edilen
verilerle de ortiismekte olup, siit yaginin en yiiksek
oldugu doénemlerin sonbahar ve kis aylar1 oldugu

gorulmiigtiir.

Looper (2012) siit verimi ile siit yag1 orani arasinda
negatif bir iliski bulundugunu belirtmistir. Bu goriis
calismamizla da dogrulanmaktadir. Oyle ki Tablo 3'te
gortildiigii tizere siit verimi arttikga siit yagi oraninda
diisiis gozlemlenmistir. Ancak literatiirde yer alan
baz1 calismalar, elde edilen bu calisma bulgularn
celismektedir. Ornegin, Siyah Alaca irki ineklerle
yapilan bir arastirmada, en diisiik siit yagi orani
sonbaharda (%3,44), en yiiksek oran
mevsiminde (%3,72) bulunmustur (Onal vd., 2021). Bu
farklilik

Simental 1rki ineklerle yiiriitiilen ¢calismamizda, farkh

ise yaz

sonug, calismamizla gostermektedir.
irklarin siit kompozisyonu iizerindeki etkisini de
ortaya koymaktadir. Ay arastirmada Simental 1rki
ineklerden alinan siit numunelerinde en diisiik yag
orani sonbaharda (%3,52), en yiiksek oran ise kis ve
ilkbaharda (%3,90) gozlemlenmistir.

calismamizda

Bu durum,
saptanan  sonbahar ve  kis
mevsimlerinde yiiksek siit yag1 bulgusuyla kismen

uyumludur.

Izmir ili Damizlik Sigir Yetistiricilerine Birligi
(DSYB)'ne {iye Simental 1irki ineklerden alinan
ornekler ile yapilan arastirmada; mevsime gore
yag
bakimindan ortalamalar arasinda istatistiksel fark

stitlerin icerikleri degerlendirildiginde

oldugu ifade edilmistir. Siitlerin yag igeriginin
ortalama %3,72 oldugu, en diisiik oranin sonbahar
%3,52 ve en yiiksek oranin ise kis mevsimine %3,9 ve
ilkbahar mevsimine %3,9 ait oldugu rapor edilmistir
(Onal wvd., 2021).
calismada ise sonbahar ve kis aylarinda en yiiksek,

Tarafimizdan yiiriitiilen bu

yaz ve ilkbahar aylarinda en diisiik siit yag:

ortalamasina sahip oldugu tespit edilmistir.

Burdur ili Tefenni ilgesinde siit sigircilig {izerine
uzmanlasan bir sirkette yapilan ¢alismaya gore; en
yiiksek siit yag oran1 Ocak ayinda (%3,8), en diisiik ise
Temmuz ve Agustos aylarinda (%3,50) oldugu
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ifade

ilcesinde

Saglam & Koknaroglu (2016) tarafindan

edilmigtir. ~ Kastamonu ilinin g
yuriittiiglimiiz bu ¢alismamizda Tablo 3’e gore, en
yliksek siit yag orani %4.04 ile Kasim ayinda en diisiik
ise Mart, May1s ve Agustos aylarinda %3,13 ile tespit
edilmistir. Tuncer vd. (2017), Kirsehir, Aksaray,
Nevsehir ve Nigde illerinde ytiriittiikleri bir diger
calismada, en yiiksek yag oranlarimi kis (%3,67) ve
ilkbaharda (%3,64), en diisiik oranlari ise yaz (%3,58)
ve sonbahar (%3,57) mevsimlerinde tespit etmislerdir.
Bu sonuglar, ¢alismamizla kismen celismekte olup,
irksal farkliliklarin  etkisini

bolgesel ve ortaya

koymaktadir.

Tekirdag ilinden 2013 yilinda 6zel bir siit fabrikasi
tarafindan giinliik olarak toplanan siitlerde rutin
olarak yapilan analizlerde mevsimlere gore siit yag
oranlari, kis mevsiminde %4,07, ilkbahar %3,96, yazin
%3,67 ve sonbaharda %3,77 siit yag orani oldugu
rapor edilmistir (Coskun vd., 2014). Calismamizda ise,
en yiiksek siit yag oramu kis (%3,93) ve sonbaharda
(%3,99), en diisiik siit yag orami yaz (%3,15) ve
ilkbahar (%3,14) mevsiminde oldugu tespit edilmistir.

Zelanda’daki Massey Universitesi'nde
Agustos 2016’dan Mayis 2018’e kadar iki tam sagim

Yeni

sezonu boyunca c¢ogunlugu Friesian-Jersey melezi
olan inek siitlerinden alinan ornekler {iizerinde
yiiriitiilen bir ¢calismada ise siit yag1 orani Eyliil-Ekim
aylarinda en diisiik (%4,56), Nisan-Mayis aylarinda
ise en yiiksek (%5,48) oldugu arastiricilar tarafindan
bildirilmistir (Li vd., 2019). Bu bulgular, cografi ve
iklimsel farkliliklarin siit bilesimi iizerindeki belirgin
etkilerini gozler 6niine sermektedir. Calismamizda ise
Eyliil-Kasim aylarimi kapsayan sonbahar doneminde
en yiiksek, ilkbahar aylarinda en diisiik siit yag:

oranlar1 oldugu belirlenmistir.

SONUC

Sanayide islenecek kaliteli ve giivenli siitii elde
etmek icin siitiin kooperatiflere ait siit toplama
merkezlerinde sogutma tanklarinda muhafaza edilip
kooperatif tarafindan test edilmesi Onem arz
etmektedir (Demirbas vd., 2007). Siitteki yag orani ¢ig
siit kalitesini belirlemede 6nemli bir kriterdir (Sahin &
2014).

Taskoprii, Daday ilgelerinde bulunan siit toplama

Kasike, Bu nedenle Kastamonu-Merkez,

merkezlerinden KOY-KOOP tarafindan alinan siit
ornekleri siit yag oranlari Daday ilgesinde en diistik
oldugu tespit edilmistir. Cig Siitiin Arzmna Dair
(Teblig No: 2017/20) Teblig’e gore ¢ig siitiin siit yag1
orani en %3,4 olmas: gerekmektedir (Anonim, 2017).
Daday ilgesinde siit yag1 bu orana uymamaktadir.
Taskoprii ve Merkez ilgelerinden alinan ornekler ise
bu oranin iizerinde kalmaktadir. Aylara gore siit
verimleri ise i¢ ilcede de orantili bir sekilde artip
azalmaktadir. Ayrica, bu calisma farkli mevsimlerin
siit yag1 oram {iizerinde istatistiksel olarak anlaml
etkiler yarattigini ortaya koymustur. Bulgularimiz,
¢ogu literatiir calismasiyla paralellik gostermekte;
ancak farkli irklarin, bolgesel, besleme uygulamalar:
ve cevresel kosullarin siit kompozisyonu iizerinde
belirleyici oldugunu da vurgulamaktadir. Bu
calismadan elde edilen bulgular degerlendirildiginde
siitiin miktar ve kalitesinin piyasa taleplerine gore
diizenlenmesinde ciftcilere, bolgeye uygun siit iiretim
planlamas1 yapmalar1 yoniinden aydinlatici bilgiler

sunuldugu ifade edilebilir.
TESEKKUR

Calismaya esas olan verilerin tedarik ve
paylasiminda destek ve yardimci olan Kastamonu
Koy Kalkinma ve Diger Tarimsal Amagh

Kooperatifler Birligi'ne tesekkiir ederiz.
Etik Standartlara Uygunluk

Yazarlarin Katkis1

OA: Kavramsallastirma, Arastirma, Metodoloji, Veri
kiiratorliigii, Yazma-orijinal taslak hazirlama,
Yazma-gozden gecirme ve diizenleme

NT: Kavramsallastirma, Denetim, Yazma-gozden
gecirme ve diizenleme

Tim yazarlar makalenin son halini okumus ve

onaylamustir.

Cikar Catismasi

Yazarlar herhangi bir c¢ikar catismasi olmadiginm

deklare etmektedir.

Etik Onay

Yazarlar bu ¢alisma igin resmi etik kurul onaymnin

gerekli olmadigim bildirmektedir.
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Finansal Destek

Yazarlar bu ¢alisma i¢in herhangi bir finansal destek

almadiklarin bildirmektedir.

Veri Kullanilabilirligi

Yazarlar, bu c¢alismanin bulgularini destekleyen
verilerin  makale icinde mevcut oldugunu

onaylamaktadir.

Yapay Zeka Aciklamasi

Yazarlar, bu makalenin yaziminda veya gorsel, tablo
veya sekillerin olusturulmasinda higbir iiretken yapay

zekanin kullanilmadigini teyit etmektedirler.
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Canakkale kosullarinda ii¢ farkli nane tiir ve tipinde (Mentha x piperita L. var
Mitcham, M. piperita ve M. spicata), 3 farkli azot dozu (Kontrol, 4 kg/da ve 8 kg/da)
ve 3 farkl fosfor dozunun (Kontrol, 3 kg/da ve 6 kg/da) verim ve tarimsal &zellikleri
tizerine olan etkinin arastirildigi bu calisma 2021-2022 yillarinda Canakkale ili
Saricaeli Kdytinde gerceklestirilmistir. Calismanin ilk yilinda bitki boyu ve ugucu
yag oranlari, ikinci yila gore daha diisiik olmustur. Arastirmanin ikinci yilinda ise;
yesil herba verimi, drog herba verimi, kuru madde orani ve ugucu yag verimi, daha
fazla olmustur. Denemede bitki boyu genellikle 4 kg'lik azot dozuna kadar artis
gostermis, bu dozdan sonra azalmustir. Bitki boyu olarak en yiiksek deger M.
piperita’da kg azot 3 kg fosfor uygulamasindan elde edilmistir. Yillar ortalamasina
bakildiginda ugucu yag oranina agisindan en iyi sonug M. spicata’da 4 kg/da azot ve
3 kg/da fosfor uygulamasindan elde edilmistir. En fazla ucucu yag verimi 4 kg azot
ve 3 kg’'lik fosfor dozunda (M. piperita L. Mitcham 5,95 1/da, M. piperita 5,55 1/da ve
M. spicata 5,80 1/da) belirlenmistir, Canakkale kosullarinda M. spicata tipi nane igin
en yliksek verimin alindig1 4 kg/da azot 3 kg/da fosfor dozunda giibre kullanilarak
iiretilmesinin uygun olacagi ve alternatif olarak ta M. piperita L. Mitcham tipi

nanenin yer alabilecegi ortaya ¢ikmustir.
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This study, which investigated the effects of 3 different nitrogen doses (Control,
4 kg/da and 8 kg/da) and 3 different phosphorus doses (Control, 3 kg/da and 6 kg/da)
on yield and agronomic properties of three different mint species and types (Mentha
x piperita L. var Mitcham, M. piperita and M. spicata) in Canakkale conditions, was
carried out in Saricaeli Village of Canakkale province in 2021-2022. In the first year
of the study, plant height and essential oil ratios were lower than in the second year.
In the second year of the study, green herb yield, drug herb yield, dry matter ratio
and essential oil yield were higher. In the trial, plant height generally increased up
to 4 kg nitrogen dose and decreased after this dose. The highest value for plant
height was obtained from kg nitrogen and 3 kg phosphorus application in M.
piperita. When the average of the years is considered, the best result in terms of
essential oil ratio was obtained from 4 kg/da nitrogen and 3 kg/da phosphorus
application in M. spicata. The highest essential oil yield was determined at 4 kg
nitrogen and 3 kg phosphorus dose (M. piperita L. Mitcham 5.95 1/da, M. piperita 5.55
1/da and M. spicata 5.80 1/da). It was revealed that in Canakkale conditions, M. spicata
type mint would be suitable to be produced using 4 kg/da nitrogen and 3 kg/da
phosphorus dose fertilizer which is the most yielded and M. piperita L. Mitcham type

mint could be used as an alternative.

GIiRiS

Onemli bir tibbi ve aromatik bitki olan nane,

Mentha tiirlerine verilen genel bir isim olup ¢ok yillik,

Tibbi ve aromatik bitkilerin tedavi amaciyla
kullanimlar1 oldukga yaygin olur tarihi ¢ok eskidir.
Tedavi amaciyla kullarulan bitkilerin sayisi, antik
¢agdan Dberi devamli bir artis gOstermistir.
Mezopotamya’da kullanilan bitkisel drog yaklasik 250
civarinda oldugu ve 19. yiizyilin baslarinda ise bu
saymun 13.000’e yiikseldigi bilinmektedir (Baylav,
1968; Ustiin, 1998). Faydaoglu & Siiriiciioglu (2011)
20.000 bitkinin

kullamildigin1 ifade etmistir. Baytop (1999) ise

civarinda tedavi  amaciyla
Tiirkiye’de tibbi amagla 1.000 civarinda bitkinin
kullanildigini bildirmistir. Tibbi ve aromatik bitkiler
hem etken madde igerigi hem de alternatif kullanim
secenekleri agisindan genis bir kullanim alanina
sahiptir. Bu sebeple standart bir gruplandirma
olmayip genellikle familya, etken madde, tiiketim ve
kullanim  alanlari,  kullanilan  organlar1  ve
farmakolojik etkileri agisindan siniflandirilmaktadir.
En yaygin olani ise etken maddelerine goére yapilan

gruplandirmadir (Bayram vd., 2010).

otsu bitkidir (Bager, 1997). M.O. 1200-1600 yillarinda
Misir'da Mentha tiirtintin kalintilarina rastlanmigtr.
Mentha'nin 5. ylizyllda mutfaklarda baharat olarak
kullanildigi, Akdeniz ve Orta Avrupa’da yetistigi ve
yayihis gosterdigi bildirilmektedir (Oztiirk, 1996).
Nanenin diinyada kiiltiirii yapilan en énemli tiirleri
Ingiliz nanesi (Mentha piperita), Japon nanesi (M.
arvensis) ve bahge nanesi (M. spicata) tiirleridir
(Baydar, 2007). Nanede endiistriyel alanda en yogun
kullanimi ugucu yaglaridir (Ellialtioglu vd., 2008).
Ucucu yag ticari olarak degerli oldugundan Mentha
tirlerinin ¢ogu tilkede kiiltiir tarimi yapilmaktadir
(Ozgiiven & Kirici, 1999). M. piperita, M. spicata, M.
arvensis L, M. citrata Ehrh. ve M. gracilis Sole ugucu yag
dretimi igin tarimi yapilan Snemli tiirlerdir (Maffei
vd., 1986). Diinyada, ucucu yag tiretiminin yaklasik
olarak %15’ini karsilayan nane, narenciye yaglarindan
sonra ikinci siray1 almaktadir (Ozgiiven & Kirici, 1999;
Telci vd., 2004). Bu sebeple kaliteli yag igeren nane

tirlerinin  arastirilmasi,  yetistirme tekniklerinin
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bolgelere gore optimize edilmesi gerekmektedir
(Ellialtioglu vd., 2008).

Franz vd. (1984) nanenin veriminin yetistirildigi
bolgeye gore degisim gosterdigini belirtmis ve
Almanya’da M. piperita’nin herba veriminin 1420-3150
kg/da, Tiirkiye'de ise yas herba veriminin 670-1350
kg/da, ucucu yag oraninin ise her iki iilkede de %2,40-
2,85 arasinda oldugunu bildirmistir. Ozgiiven & Kirict
(1999) Cukurova bolgesinde yaptiklar: bir ¢alismada
M. spicata’da bitki boyunun 27,8-88,1 cm arasinda
bulundugunu rapor etmistir. Bitki gelisimi igin
glibreleme onemli bir faktdr olup azot ve fosfor
giibrelemesinin de bitki gelisiminde O6nemli rol
& Kaushal,

1989). Naneye azotlu giibrelemenin verimi artirdig:

oynadigr bildirilmektedir (Bhardwaj

(Nelson vd., 1971), toprak tipi ve yetistirilen bolgeye
gore 3-22,5 kg/da azot giibrelemesi yapilmasi

gerektigini dnerilmistir (Lacy vd., 1981).

Heeger (1956) azotlu giibrenin nane verimini %46
artirdigini ancak nanede ucucu yag oraniun da
arttigin1 fakat potasyumlu giibrelerin ise azalttigin
bildirmistir. Nelson vd. (1971) nanede uygulanan
azotlu gilibrenin kuru maddeyi artirdigim
bildirilmistir. Ayni sekilde azotlu giibrenin yesil
herba, kuru madde ve ugucu yag verimini de artirdig:
tespit edilmistir (Piccaglia vd., 1993; Ahsan, 1999).
Azot uygulamasinin M. arvensis ve M. spicata gibi nane
tlirlerinde kuru madde ve ugucu yag verimini
1995).

Hindistan’da yapilan Japon nanesi {izerine azot ve

artirdig1 belirlenmistir (Saxena & Singh,

fosfor giibrelemenin etkisinin arastirildigr  bir
calismada en yiiksek kuru madde miktar: (7,2 kg/da),
taze herba verimi (2,42 t/da), ugucu yag orani (%0,49)
ve ucucu yag verimi (11,91 kg/da) 10 kg/da azot ve 6
kg/da fosfor uygulamasindan elde edilmistir (Munsi,

1992).

Weiss (1997) nanede yaptiklar1 bir arastirmada
azotlu giibrelemenin yesil herba verimini artirdigin
Aromatik bitkilerde yag
faktorlere, bitkinin genetik

bildirmistir. ugucu
miktarinin  ¢evresel
yapisina ve yetistirme sartlarina gore degistigi
belirtilmistir (Telci, 2006; Figueiredo vd., 2008).
(1993) farkli dozlardaki

giibrelemesinin nanede ugucu yag verimini artirdigin

Piccaglia vd. azot

tespit etmistir. Sarer vd. (2011) Tiirkiye'nin dogu

bolgelerinden topladiklar1 M. tizerinde
yaptiklar1 ¢alisma sonucunda ugucu yag oraninn
%3,24 oldugunu  bildirmistir. Baydar (2007)
Tiirkiye’de naneden yilda 1000-2000 kg/da yesil herba,
300-600 kg/da kuru herba, 150-300 kg/da kuru yaprak,
%45-70 yaprak orani ve %2-3 arasinda ucucu yag oramni

elde edildigini bildirmektedir.

spicata

Alsafar & Al-Hassan (2009) Mentha longifolia’da
farkli azot ve fosfor dozlarmin verim unsurlarn
tizerine yaptiklari ¢alismada en yiiksek ugucu yag
verimini (14,11 kg/da) N75, P205(50) giibre dozunda,
en yliksek ugucu yag oranini ise (%1,46, %1,46) giibre
uygulanmamis parsellerden elde etmisler, diger giibre
dozlarinda ise onemli bir farkliligin olmadigim
belirtmislerdir. Telci vd. (2010) Tiirkiye'nin c¢esitli
bolgelerinde M. spicata tiiriiyle yapmus olduklar
calismalarda farkli lokasyonlarda ugucu yag oraninin
%2,74-%2,41 arasinda degistigini ve farkli cevre
kosullarinin ugucu yag miktarim etkiledigini ifade

etmistir.

Tibbi ve aromatik bitkilerin gelisimini genetik

faktorler ve cevresel etmenler ile tarimsal
uygulamalar oldukca fazla etkilenmektedir (Clark &
Menary, 1980). Bu calismanin amaci Canakkale
kosullarinda {i¢ nane genotipinin (M. piperita L. var.
Mitcham, M. piperita ve M. spicata) tarimsal ve kalite
Ozellikleri {izerine farkli azot ve fosfor dozlarmin

etkilerinin belirlenmesidir.

MATERYAL VE YONTEM
Calisma Alani

Bu calisma Canakkale ili Merkez ilcesi Saricaeli
Koyiinde gergeklestirilmistir. Deneme yerinin toprags,
organik maddece iyi durumda, aliivyal 6zellikte, diiz,
derin profilli topraklardir. Deneme alaru pH degeri
7,2-7,6 arasinda ve organik maddece iyi, katyon
degisim kapasitesi de yiiksektir (Figueiredo vd., 2008).
2021 ve 2022 vyillarinda

vejetasyon doneminde ge¢mis yillara oranla az yagis

Denemenin yapildig:

gerceklesmistir. Vejetasyon doneminde elde edilen
oransal nem degerleri, uzun yillar ortalamasina
paralellik gostermistir. Giineslenme siiresi degerleri,
uzun yillar ortalama degerlerine benzer degerlerde

tespit edilmistir.
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Materyal
Bu c¢alismada Canakkale Onsekiz =~ Mart
Universitesi ~ Ziraat  Fakiiltesi Tarla  Bitkileri

Boliimiinde bulunan Balikesir ve Canakkale’nin farkl
yerlerinden temin edilen Mentha x piperita L. var
Mitcham, M. piperita ve M. spicata tipi naneler

kullanilmisgtur.

Yontem

Calisma, boliinmiis parseller deneme desenine
gore ¢ tekerriirlii planlanarak kurulmus, naneler
(Mentha x piperita L. var Mitcham, M. piperita ve M.
spicata) ana parselleri, azot dozlar1 (Kontrol, 4 kg/da ve
8 kg/da) ve fosfor dozlar1 (Kontrol, 3 kg/da ve 6 kg/da)
alt parselleri olusturmustur. Birden fazla bigim
yapilan nane, bitki boyu ve ucucu yag oraninda elde
edilen verilerin degerlendirilmesinde, bdliinen
boliinmiis parseller deneme deseni kullanilmistir.
Nane tipleri ana parselleri, giibre dozlar alt parselleri

olusturmustur.

Alt parseller bes siradan olusup parsel alan1 8 m?
(5%x2=10 m?), dikim siklig1 20x40 cm seklindedir.
Bigimlerde, kenar tesiri olarak birer sira ve parsel
basglarindan yarim metre kenar tesiri birakilarak, geri
kalan alanda Ol¢lim ve gozlem yapilmistir. Bir
vejetasyon doneminde {ii¢ bigim yapilmistir. 2021 ve
2022 yillarinda parsellerde yagmurlama sulama
yapilmistir. Her iki deneme yilinda da herhangi bir
zararli veya hastalikla karsilasiimadigindan kimyasal
ilaclama yapilmamistir. Gerektiginde yabanci ot
miicadelesi hem mekanik yontemle hem de bicimler

sonrasinda elle yapilmistir. Bicimler biitiin parsellerde

ciceklenme  baslangicinda  yapilmistir.  Nane
genotiplerinin tarimsal ve kalite oOzelliklerinin
belirlenmesinde ¢iceklenme baslangicinda hasat

edilen bitkilerdeki dlgiimler; Ceylan (1978), Ozel vd.
(1997), 1pek (2007) tarafindan yapilan calismalardan
yararlanularak gerceklestirilmistir. Calismada, bitki
boylar1 her parselden tesadiifi olarak secilen 10
bitkide, toprak yiizeyinden bitkinin en ug noktasina
kadar olan yiikseklik (cm) Olgiilmiis, yesil herba
verimi, toplam drog herba verimi (kg/da) hassas terazi

ile tartilarak hesaplanmigtir. Kuru madde yesil

herbadan alian 500 g'lik 6rnekler kurutma dolabinda
sabit agirliga gelinceye kadar kurutulup tartilmis ve
ylizde oran olarak belirlenmistir. Ugucu yag oranlar:
(%) ve ugucu yag verimi (I/da) hesaplanmustir. Elde
edilen veriler Boliinen Boliinmiis Parseller deneme
gore  TARIST
degerlendirilmistir (Agikgoz vd., 1994).

desenine paket  programinda

BULGULAR VE TARTISMA

Farkli azot ve fosfor dozlar1 kullanilarak 2021 ve
2022 yillarinda denemeye alinan nane tiir ve tipleri
bitki boyu ve ugucu yag orami arasindaki farkliliklar
onemli bulunmustur (p<0,05). Ayrica, yesil herba,
drog herba ve ugucu yag verimi arasindaki farkliliklar

da 6nemli bulunmustur (p<0,01).

Bitki Boyu

Yillara gore farkli azot ve fosfor dozlar1 uygulanan
nanelerden elde edilen bitki boyu degerleri ve

ortalamalar1 Tablo 1’de verilmistir.

Deneme faktor ortalamasmna gore 2021 yilinda
nane genotiplerinin bitki boyu sirasiyla 48,32 cm,
53,01 cm ve 46,96 cm, 2022 yilinda sirasiyla 60,54 cm,
59,27 ecm ve 53,50 cm olmustur (Tablo 1). Yillar
arasindaki bu farklilik (p<0,01) énemlidir. Denemenin
ikinci yilinda nane genotiplerindeki bitki boyunun
birinci yila gére daha uzun olmasi 2022 yilindaki
yagisin fazla ve sicakligin diisiik olmasindan
(2000)

benzerlik

kaynaklanabilir. Bu bulgular, Tugay vd.
bildirilen
gostermektedir. 2022 yilinda ve yillar ortalamasinda

tarafindan sonuglarla da
azot dozlari arttikca bitki boyunda artis olmustur.
Arastirmada; dekara 0, 4 ve 8 kg azot uygulanan nane
genotiplerinin ortalama bitki boylar1 iki yilin
ortalamasi sirasiyla 54,43 cm, 56,14 cm ve 53,60 cm
olmustur. Denemede bitki boyu genellikle 4 kg'lik
azot dozuna kadar artis gostermis, bu dozdan sonra
azalmistir (Tablo 1). Bitki boyu olarak en yiiksek deger
M. piperita’da kg azot 3 kg fosfor uygulamasindan elde
edilmistir. Bu sonuglar Kothari & Singh (1995) ve Ram
& Kumar (1997) tarafindan rapor edilen bulgular ile

de benzerlik gostermektedir.
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Table 1. Plant heights of mint genotypes (cm)
Tablo 1. Nane genotiplerinin bitki boylari (cm)

Azot Dozu Fosfor Dozu Mentha piperita L. var Mentha piperita Mentha spicata Ort.
(kg/da) (kg/da) Mitcham
2021 2022 Ort. 2021 2022  Ort. 2021 2022 Ort.

0 0 41,5 55,4 48,45 48,7 526 50,65 43,6 458 44,70 47,93
3 47,7 56,8 52,25 49,8 564 53,10 443 492 46,75 50,70
6 53,1 59,6 56,35 539 558 5485 469 525 49,70 53,63
Ort. 47,43 57,27 52,35 50,80 54,93 52,87 44,93 49,17 47,05 50,76

4 0 46,7 63,8 55,25 53,8 61,6 57,70 51,3 52 51,65 54,87
3 47,5 64,6 56,05 553 673 61,30 51,5 542 52,85 56,73
6 55,5 67,5 61,50 569 642 6055 50,1 528 51,45 57,83
Ort. 49,90 65,30 57,60 55,33 64,37 59,85 50,97 53,00 51,98 56,48

8 0 44,7 59,8 52,25 475 541 50,80 439 56,1 50,00 51,02
3 45,9 60,2 53,05 55,1 60 57,55 46,6 60,6 53,60 54,73
6 52,3 57,2 54,75 56,1 61,4 58,75 444 583 51,35 5495
Ort. 47,63 59,07 53,35 5290 5850 55,70 44,97 58,33 51,65 53,57

Ort 0 44,30 59,67 51,98 50,00 56,10 53,05 46,27 51,30 48,78 51,27
3 47,03 60,53 53,78 53,40 61,23 57,32 4747 54,67 51,07 54,06
6 53,63 61,43 57,53 55,63 60,47 58,05 47,13 54,53 50,83 5547
Ort. 48,32 60,54 54,43 53,01 59,27 56,14 4696 53,50 50,23 53,60

Not: *Biiyiik harfler 0,01, kii¢iik harfle 0,05 6nem seviyesini gostermektedir.

Table 2. Variance analysis results of plant height values of mint genotypes

Tablo 2. Nane genotiplerinin bitki boyu degerlerine ait varyans analiz sonuglart

Varyasyon Kaynaklar1 SD F Degerleri Yillar Aras1 F
2021 2022 Degerleri
Yil 1 1118,422**
Azot 2 1,623 16,658** 11,179**
Fosfor 2 0,849 0,715 0,266
Genotipler 2 6,683** 23,475** 25,987**
AzotxFosfor 4 0,309 0,989 0,826
AzotxGenotip 4 0,313 5,024** 3,344*
FosforxGenotip 4 1,475 0,658 1,466
AzotxFosforxGenotip 8 0,556 1,722 1,244
YilxAzotxFosfor<Genotip 8 1,298
Hata 1 54
Hata 2 108

Not: *Isaretli F degerleri 0,05, ** isaretli F degerleri ise 0,01 6nem seviyesidir.
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bitki

dozlarinin meydana getirdigi etki hem deneme

Genotiplerin boylar1 {izerinde fosfor
yillarinda hem de yillar ortalamasinda Onemli

olmamuistir.
Yesil Herba Verimi (kg/da)
Nane genotiplerinin dekara yesil herba verimine

Tablo 2'de

Calismada 2022 yilinda ele alinan nane genotiplerinin

ait ortalama degerler verilmistir.
yesil herba verimi, birinci yila gore daha yiiksek
verimde olup farklhilik istatistiki olarak Onemli
bulunmustur (p<0,01). Yillar arasindaki bu farklilik
birinci deneme yilinda birim alandaki bitki sayisinin
az olmasi (Telci, 2001), ikinci deneme yilinda nane
genotiplerinin birinci yila gore daha fazla siirgiin ve

govde olusturmasindan ileri gelmektedir (Ozgiiven &

Table 3. Green herb yields of mint genotypes (kg/da)
Tablo.3. Nane genotiplerinin yesil herba verimleri (kg/da)

Kiricy, 1999; Telci, 2001). Arastirmada her iki y1l igin de
yillar ortalamasinda azot dozlarinin yesil herba
verimine etkisi 6nemli bulunmustur (p<0,01). Her iki
yilda ve yillar ortalamasinda artan azot dozu ile
birlikte yesil herba verimi de benzer olarak artmistir
(Tablo 3). Sonug olarak deneme yillarinda dekara 0, 4
ve 8 kg azot uygulanan nane genotiplerinin yesil
herba verimleri iki y1ilin ortalamasi sirasiyla 1672,7 kg,
1733,1 kg ve 1733,0 kg olmustur. Deneme sonuglarina
gore, azot dozlar1 arttik¢a yesil herba veriminde de
artis meydana gelmistir. Bu sonuglar Malik vd. (2011)
tarafindan bildirilen bulgular ile de paralellik
gostermektedir. Fosfor dozlariin genotiplerin dekara
yesil herba verimi tizerine etkisi 2022 yilinda ve yillar
ortalamasinda Onemli (p<0,05) 2021 yilinda ise

Onemsiz olmustur.

Azot Fosfor = Mentha piperita L. var Mentha piperita Mentha spicata Ort.

Dozu Dozu Mitcham

(kg/da)  (kg/da) —po1 2022 oOr. 2021 2022 o 2021 2022 Ort.

0 0 957 1665 1311 1318 1622 1470 1210 1436 1323 1368,2
3 1040 1706 1373 1542 2048 1795 1237 1832 1534 1567,3
6 1148 1923 1536 1569 1944 1757 1309 1798 1554 1615,2
Ort. 1048 1765 1407 1476 1871 1674 1252 1688 1470 1516,9

4 0 968 2193 1580 1431 1784 1608 1690 1984 1837 1675,0
3 1033 2382 1708 1623 2273 1948 1780 2012 1896 1850,5
6 1290 2634 1962 1604 1975 1790 1763 1965 1864 1872,0
Ort. 1097 2403 1750 1553 2011 1782 1745 1987 1866 1799,2

8 0 1681 2103 1892 1506 1746 1626 1230 2015 1622 1713,3
3 1690 2112 1901 1679 1995 1837 1507 2098 1803 1847,0
6 1576 2007 1792 1603 1934 1768 1831 2498 2164 1908,1
Ort. 1649 2074 1862 1596 1892 1744 1523 2204 1863 1822,8

Ort 0 1202 1987 1595 1418 1717 1568 1377 1811 1594 1585,5
3 1254 2067 1660 1615 2106 1860 1508 1981 1744 1754,9
6 1338 2188 1763 1592 1951 1771 1634 2087 1861 1798,4
Ort. 1264,7 2080,7 1672,7 1541,7 1924,6 1733,1 1506,5 1959,6 1733,0 1713,0

Not: *Biiyiik harfler 0,01, kiiciik harfle 0,05 6nem seviyesini gostermektedir.
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Table 4. Variance analysis results of green herb yields of mint genotypes

Tablo 4. Nane genotiplerinin yesil herba verimlerine ait varyans analiz sonuglart

Varyasyon Kaynaklar1 SD F Degerleri Yillar Aras1 F Degerleri
2021 2022

Yil 1 938,223**

Azot 2 5,538** 6,327** 10,766**

Fosfor 2 0,219 3,328* 3,054*

Genotipler 2 7,949%* 1,936 0,352

AzotxFosfor 4 0,526 0,518 0,749

AzotxGenotip 4 0,532 1,337 0,885

FosforxGenotip 4 0,825 1,325 1,815

AzotxFosforxGenotip 8 1,637 0,972 0,377

Y1lxAzotxFosforxGenotip 8

Hata 1 54

Hata 2 108

Not: *i@aretli F degerleri 0,05, ** isaretli F degerleri ise 0,01 6nem seviyesidir.

2021 yilinda fosfor dozlarimin artisina paralel
olarak dekara yesil herba veriminde diizenli bir artig
2022 yiinda ve

ise diizenli bir

meydana gelmemis, yillar

ortalamasinda artis olmustur.
Denemede kullanilan genotiplerin dekara yesil herba
verimleri arasinda sadece 2021 yilinda farklilik 6nemli
bulunmustur (p<0,01). 2022 yilinda en yiiksek yesil
herba verimi M. piperita L. Mitcham’da 4 kg azot ve 6
(2634 kg/da)

belirlenmis, bunu M. spicata’da 8 kg azot ve 6 kg fosfor

kg fosfor verilen uygulamada
verilen uygulama (2498 kg/da) takip etmistir. Yillar
bakildiginda yesil herba
agisindan en iyi sonug M. spicata’da 8 kg/da azot ve 6
kg/da uygulamasindan elde
Genotipler yesil herba

farklihik genetik yapidan kaynaklanabilecegi gibi

ortalamasina verimi

fosfor edilmistir.
arasindaki verimindeki
uygulanan kiiltiirel islemlerden de kaynaklanabilir.
Deneme yillarinda genotiplerin dekara yesil herba
verimlerindeki artis ve azalglar yil x genotip
interaksiyonunun onemli ¢ikmasina sebep olmustur

(p<0,01).

Drog Herba Verimi (kg/da)

Nane genotiplerinin dekara drog herba verimine
ait ortalama degerler Tablo 5'te verilmistir. Calismada
2022 yilinda nane genotiplerinin drog herba verimi,
2021 yilma gore daha yiiksek olmus ve farklilik
istatistiki olarak 6nemli bulunmustur (p<0,01) (Tablo
3). Yillar arasindaki bu farklilik denemenin ilk yilinda

parseldeki bitki sayisinin az olmasi (Telci, 2001), ikinci
yilda nane genotiplerinin ilki yila gore daha fazla
siirglin ve govde olusturmasindan ileri gelmektedir
(@zgiiven & Kirici, 1999; Telci, 2001).

Calismada 2021, 2022 ve her iki yilin ortalamalari
azot dozlarina gore dekara drog herba veriminde
onemli farklilik bulunmustur (p<0,01) (Tablo 5). Her
iki deneme yilinda ve yillar ortalamasinda artan azot
dozu ile birlikte drog herba verimi de artmistir (Tablo
elde
degerlendirildiginde, azot dozlar arttik¢a drog herba

5). Aragtirmada edilen veriler
veriminde de artis meydana geldigi gozlenmistir. Bu
(2011) tarafindan bildirilen

paralellik  gostermektedir.

sonuglar, Malik vd.
bulgular ile Fosfor
dozlarinin genotiplerin dekara drog herba verimi
tizerine etkisi 2022 yilinda ve yillar ortalamasinda
onemli iken (p<0,05), 2021 yilinda ise Onemsiz
olmustur (Tablo 5). Calismada 2021 yilinda fosfor
dozlarinin artisina paralel olarak dekara drog herba
veriminde diizenli bir artis meydana gelmemis, 2022
yilinda ve yillar ortalamasinda ise istikrarli bir artis
olmustur. Drog herba verimleri arasinda sadece 2021
yilinda farklihk meydana gelmistir (p<0,01). 2021
yilinda en yiiksek drog herba verimi 773 kg/da ile
M. spicata’da 8 kg azot ve 6 kg fosfor uygulanan
parsellerden elde edilmistir. Yillar ortalamasina
bakildiginda drog herba verimi agisindan en iyi sonug
M. spicata’da 8 kg/da azot ve 6 kg/da fosfor

uygulamasindan elde edilmistir.
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Genotipler arasindaki drog herba verimindeki
farklilik genetik yapidan kaynaklanabilecegi gibi
uygulanan kiiltiirel islemlerden de kaynaklanabilir.
Genotiplerin dekara drog herba verimlerindeki artis
ve azalislar yil x genotip interaksiyonunun onemli
¢ikmasina neden olmustur (p<0,01) (Tablo 5, Tablo 6).

Kuru Madde Orani (%)

Kuru madde oranlarina ait ortalama degerler
Tablo 7’de, ilgili varyans analiz sonuglar ise Tablo
8’de verilmistir. Denemede yillar arasinda nanenin
kuru madde oranlarn farklilik
bulunmustur (p<0,01) (Tablo 7). Kuru madde orani,
2021 yilinda, 2022 yilindan daha yiiksek kuru
maddeye sahip olmustur (Tablo 7). Azot dozlarinin

arasinda Onemli

nanenin kuru madde orani iizerine etkisi hem deneme
yillarinda hem de yillar ortalamasinda Onemli
olmustur (p<0,01) (Tablo 8).

Table 5. Drug herb yields of mint genotypes (kg/da)
Tablo 5. Nane genotiplerinin drog herba verimleri (kg/da)

Deneme yillarinda azot dozlarinin artisina paralel
olarak kuru madde oraninda artis olmus, yillar
ortalamasinda benzer sonug elde edilmistir (Tablo 7).
Denemeden elde edilen sonuglar Nelson vd. (1971)
bildirilen

gostermektedir.

tarafindan bulgular ile benzerlik

Denemede uygulanan fosfor
dozlarinin kuru madde orani iizerine hem deneme
yillarinda hem de yillar ortalamasinda 6nemli bir
etkisi olmamuistir (Tablo 8). Dekara 0, 3 ve 6 kg fosfor
uygulanan nane genotiplerinin ortalama kuru madde
oranlar1 2021 yilinda 2022 yilina gore daha yiiksek
olmustur (Tablo 7). Yillar ortalamasina bakildiginda
kuru madde agisindan en iyi sonu¢ M. spicata’da 8
kg/da azot ve 6 kg/da fosfor uygulamasindan elde
edilmistir. Genotiplerin kuru madde oranlarinda;
2022 yilinda ve yillar ortalamasinda istatistiki olarak
anlamli farkhilik tespit edilmis (p<0,05), 2021 yilinda

ise farklilik olmamistir (Tablo 8).

Azot Fosfor = Mentha piperita L. var Mentha piperita Mentha spicata Ort.

Dozu Dozu Mitcham

(kg/da) (kg/da) 3021 2022  Ort. 2021 2022 Ort. 2021 2022 Ort.

0 0 263 268 265 362 261 311 231 333 282 286,1
3 286 274 280 424 329 376 294 340 317 3244
6 275 344 310 431 312 372 289 360 324 335,3
Ort. 275 295 285 406 301 353 271 344 308 315,3

4 0 266 347 306 393 282 338 314 465 389 344,3
3 284 377 330 406 359 383 318 489 404 3721
6 354 417 385 441 312 377 311 505 408 389,9
Ort. 301 380 341 413 318 366 314 486 400 368,8

8 0 342 327 335 268 271 270 313 520 416 340,3
3 346 328 337 341 310 326 326 636 481 381,4
6 270 335 303 351 335 343 389 773 581 408,8
Ort. 319 330 325 320 306 313 343 643 493 376,8

Ort 0 290 314 302 341 271 306 286 439 362 323,6
3 305 326 316 390 333 362 313 488 401 359,3
6 300 365 333 408 320 364 329 546 438 378,0
Ort. 298,5 3351 316,8 379,7 308,0 3439 309,3 491,1 400,2 353,6

Not: *Biiyiik harfler 0,01, kiiciik harfle 0,05 6nem seviyesini gostermektedir.
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Table 6. Variance analysis results of drug herb yields of mint genotypes

Tablo 6. Nane genotiplerinin drog herba verimlerine ait varyans analiz sonuglari

Varyasyon Kaynaklar1 SD F Degerleri Yillar Aras1 F
2021 2022 Degerleri
Yil 1 866,028**
Azot 2 7,244** 5,748%** 10,566**
Fosfor 2 0,278 3,122* 3,271%
Genotipler 2 7,618** 0,642 1,256
AzotxFosfor 4 0,575 0,758 1,113
AzotxGenotip 4 0,562 1,517 1,286
FosforxGenotip 4 0,936 0,426 0,313
AzotxFosforxGenotip 8 1,609 0,971 1,676
Y1lxAzotxFosforxGenotip 8 0,478
Hata 1 54
Hata 2 108
Not: *Isaretli F degerleri 0,05, ** isaretli F degerleri ise 0,01 dnem seviyesidir.
Table 7. Dry matter content of mint genotypes (%)
Tablo 7. Nane genotiplerinin kuru madde orani (%)
Azot Fosfor = Mentha piperita L. var Mentha piperita Mentha spicata Ort.
Dozu  Dozu Mitcham
(kg/da) (kg/da) 2021 2022  Ort. 2021 2022 Ort. 2021 2022 Ort
0 0 20,02 20,36 20,19 22,58 19,83 21,21 24,74 17,16 20,95 20,78
3 21,74 20,85 21,30 28,25 2505 26,65 25,29 21,89 23,59 23,85
6 2093 26,21 23,57 27,82 23,77 25,80 26,78 21,49 24,14 24,50
Ort. 20,90 22,47 21,69 26,22 22,88 24,55 25,60 20,18 22,89 23,04
4 0 20,13 26,23 23,18 25,27 21,72 23,50 32,37 23,20 27,79 24,82
3 21,49 28,49 24,99 29,24 27,66 28,45 34,19 23,52 28,86 27,43
6 26,82 3152 29,17 28,94 24,04 2649 35,34 2298 29,16 28,27
Ort. 22,81 28,75 25,78 27,82 2447 26,15 33,97 23,23 28,60 26,84
8 0 2530 24,47 24,89 32,20 20,78 2649 33,42 2293 28,18 26,52
3 28,60 29,57 29,09 34,25 23,75 29,00 34,93 23,88 2941 29,16
6 23,21 2507 24,14 33,21 25,64 2943 37,87 30,08 33,98 29,18
Ort. 25,70 26,37 26,04 33,22 23,39 28,31 35,41 25,63 30,52 28,29
Ort 0 21,82 23,69 22,75 26,68 20,78 23,73 30,18 21,10 25,64 24,04
3 2394 26,30 25,12 30,58 2549 28,03 31,47 23,10 27,28 26,81
6 23,65 27,60 25,63 29,99 2448 27,24 33,33 2485 29,09 27,32
Ort. 23,14 25,86 24,50 29,08 23,58 26,33 31,66 23,01 27,34 26,06

Not: *Biiyiik harfler 0,01, kiiciik harfle 0,05 6nem seviyesini gdstermektedir.
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Table 8. Variance analysis results of dry matter ratios of mint genotypes

Tablo 8. Nane genotiplerinin kuru madde oranlarina ait varyans analiz sonuglar:

Varyasyon Kaynaklar1 SD F Degerleri Yillar Aras1 F Degerleri
2021 2022
Yil 1 111,033**
Azot 2 15,342** 12,021** 1,588
Fosfor 2 1,765 1,065 0,767
Genotipler 2 1,062 3,571* 3,488*
AzotxFosfor 4 0,056 2,312 0,945
AzotxGenotip 4 0,628 1,439 1,486
FosforxGenotip 4 0,279 0,346 0,127
AzotxFosforxGenotip 8 0,395 0,108 0,348
Y1lxAzotxFosforxGenotip 8 0,266
Hata 1 54
Hata 2 108

Not: *i@aretli F degerleri 0,05, ** isaretli F degerleri ise 0,01 6nem seviyesidir.

Ucucu Yag Orani (%)

Calismada ugucu yag oranlarmna ait ortalama
degerler Tablo 9’da varyans analiz sonuglari ise Tablo
10’da verilmistir. Calismada 2021 yilinda ugucu yag
M. piperita L. Mitcham’da %2,60
M. piperita’da %2,65 ve M. spicata’da %3,28, 2022
yilinda ise sirasiyla %2,47, %2,29 ve %2,86 olarak
gerceklesmistir (Tablo 9). Ucucu yag oraninin 2022’de

orani iken

2021’den diisiik olmasi, toplam sicakhigin diisiik
olmasi ve yagist miktarindan kaynaklanabilir. Yapilan
¢alismalarda, Ceylan (1983) ve Telci (2001) sicaklikla
birlikte artan 1s1k siddetinin ugucu yag oranimi
artirdigini, ayrica Kokkini vd. (1995) ve Telci (2001)
yetisme mevsimi icinde meydana gelen yagislarla
yapraklardaki
bildirmektedir.

arastirmalarda elde edilen degerlerle paralellik

ugucu yaglarin yikandigim

Caligma sonuglar1 diger

gostermektedir.

Genotiplerin ugucu yag orani {izerine azot
2021  wve

ortalamasinda 6nemli iken (p<0,01), 2022 yilinda ise

dozlarinin etkisi denemenin yillar

onemli bulunmustur (p<0,05) (Tablo 10). Ugucu yag

orani hem deneme yillarinda hem de yillar

ortalamasinda dekara 0 ve 8 kg azot dozuna gore,
dekara 4 kg azot dozunda fazla bulunmustur. Yillar
bakildiginda

agisindan en iyi sonug M. spicata’da 4 kg/da azot ve 3

ortalamasina ugucu yag oranina
kg/da fosfor uygulamasindan elde edilmistir. (Tablo

9). Sonuglar degerlendirildiginde azotlu
giibrelemenin nanede ugucu yag oranini artirdigin
belirten arastiricilarin  bulgular1  ile  benzerlik
gostermektedir (Mahmoud & Croteau, 2003; Abbass,
2009; Zheljazkov vd., 2010; Anwar vd., 2010). Fosfor
uygulamasmin ugucu yag oranina 2021 ve 2022
(p<0,05), iki

ortalamasinda da yine istatistiki olarak Onemli

yillarinda Onemli olurken yilin
olmustur (p<0,01) (Tablo 10). Fosfor uygulanan nane
genotiplerinin ortalama ugucu yag oranlari, 2021
2022

gerceklesmistir (Tablo 9).

yilinda, yilma gore yiiksek seviyede

Genotiplerin ugucu yag oranlar1 arasinda hem

deneme yillarinda hem de yillar ortalamalar
arasindaki farklilik 6nemli olmustur (p<0,01) (Tablo
10). Genotiplerin ugucu yag oranlari arasindaki bu
farklilik genetik yapilarindan kaynaklanmaktadir

(Kokkini, 1992).
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Table 9. Essential oil content of mint genotypes (%)

Tablo 9. Nane genotiplerinin ucucu yag oranlar: (%)

Azot Fosfor  Mentha piperita L. var ~ Mentha piperita Mentha spicata Ort.

Dozu Dozu  Mitcham

(kg/da)  (kg/da) "p021 2022 Ort. 2021 2022 Ort. 2021 2022  Ort,

0 0 2,26 2,36 2,31 2,06 2,24 2,15 2,16 2,08 2,12 2,19
3 2,34 2,41 2,38 2,88 2,56 2,72 2,88 2,96 2,92 2,67
6 2,41 2,26 2,34 2,29 2,14 2,22 2,68 2,44 2,56 2,37
Ort. 2,34 2,34 2,34 2,41 2,31 2,36 2,57 2,49 2,53 2,41

4 0 2,49 2,14 2,32 2,65 1,81 2,23 3,85 2,73 3,29 2,61
3 2,76 256 2,66 298 281 290 420 331 376 310
6 261 228 245 2,78 226 252 335 326 331 2,76
Ort. 2,62 2,33 2,47 2,80 2,29 2,55 3,80 3,10 3,45 2,82

8 0 2,36 2,36 2,36 2,56 2,16 2,36 3,01 2,76 2,89 2,54
3 3,50 3,18 3,34 2,91 2,39 2,65 3,98 3,31 3,65 3,21
6 271 269 270 2,78 226 252 345 285 315 2,79
Ort. 2,86 2,74 2,80 2,75 2,27 2,51 3,48 2,97 3,23 2,85

Ort 0 237 229 233 242 207 225 301 252 277 245
3 2,87 2,72 2,79 2,92 2,59 2,76 3,69 3,19 3,44 3,00
6 2,58 2,41 2,49 2,62 2,22 2,42 3,16 2,85 3,01 2,64
Ort. 2,60 2,47 2,54 2,65 2,29 2,47 3,28 2,86 3,07 2,69

Not: *Biiyiik harfler 0,01, kii¢iik harfle 0,05 6nem seviyesini gostermektedir.

Table 10. Variance analysis results of essential oil ratios of mint genotypes

Tablo 10. Nane genotiplerinin ucucu yag oranlarina ait varyans analiz sonuglar:

F Degerleri Yillar  Arasi F
Varyasyon Kaynaklar1 SD . ]

2021 2022 Degerleri
Yil 1 19,544**
Azot 2 7,412%* 4,309* 8,098**
Fosfor 2 3,987* 4,032* 5,114**
Genotipler 2 6,128** 4,947** 10,788*
AzotxFosfor 4 0,547 1,918 0,601
AzotxGenotip 4 0,748 1,246 1,733
FosforxGenotip 4 0,488 0,321 0,197
AzotxFosforxGenotip 8 0,786 0,705 1,128
YilxAzotxFosfor<Genotip 8 0,402
Hata 1 54
Hata 2 108

Not: *ig.aretli F degerleri 0,05, ** isaretli F degerleri ise 0,01 6nem seviyesidir.
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Ucucu Yag Verimi (I/da)

Calismada elde edilen ugucu yag verimlerine ait
ortalamalar Tablo 11’de, bunlara ait varyans analiz
sonuglari Tablo 12’de sunulmustur. Calisma yillar
arasinda ugucu yag verimlerinde farklihk o6nemli
bulunmustur (p<0,01). 2021 yilinda ugucu yag verimi,
2022 yilia gore diisiik kalmistir. 2022 yilinda ugucu
yag veriminin yiiksek olmasi bu yildaki drog herba
veriminin fazla olmasindan kaynaklanmaktadir.
Ucgucu yag veriminin hem deneme yillarinda hem de
yillar ortalamasinda dekara 4 kg'lik azot dozunda
daha fazla oldugu belirlenmistir. Bu dozu dekara 8
kg'lik azot dozu ve kontrol takip etmistir (Tablo 11).
Bu sonuglar nanede azotlu giibrelemenin belirli bir

doza kadar ugucu yag verimini artirdigini belirten

Table 11. Essential oil yields of mint genotypes (I/da)

Tablo 11. Nane genotiplerinin ugucu yag verimleri (I/da)

arastiricilarin bulgulan ile benzerlik gostermektedir
(Mahmoud & Croteau, 2003).

Denemede uygulanan fosfor dozlarinin, ugucu yag
verimleri {izerine etkisi 2022 yilinda ve yillar
ortalamasinda oOnemli (p<0,05), 2021 yilinda ise

onemsiz bulunmustur (Tablo 12).

En fazla ucucu yag verimi 4 kg azot ve 3 kg'lik
fosfor dozunda (5,95 1/da, 5,55 1/da ve 5,80 1/da)
belirlenmis, bu dozu 6 kg'lik doz (5,60 1/da, 5,25 1/da
ve 5,50 1/da) takip etmistir (Tablo 11). Bu sonuglar
glibre uygulamasmin tibbi ve aromatik bitkilerde
yesil herba verimini artirdig1 i¢in ugucu yag veriminin
de arttigini belirten Malik vd. (2011) tarafindan da

desteklenmektedir.

Azot Fosfor Mentha piperita L. var Mentha piperita Mentha spicata Ort.

Dozu Dozu Mitcham

(kg/da)  (kg/da) 2021 2022 Ort. 2021 2022 Ort. 2021 2022 Ort.

0 0 4,20 4,40 4,30 4,80 5,10 4,95 4,60 4,90 4,75 4,67
3 5,50 5,80 5,65 5,60 6,00 5,80 4,80 5,10 4,95 5,47
6 5,80 6,10 5,95 4,80 5,00 4,90 4,50 4,90 4,70 5,18
Ort. 5,17 5,43 5,30 5,07 5,37 5,22 4,63 4,97 4,80 5,11

4 0 4,70 5,00 4,85 4,40 4,70 4,55 4,60 4,90 4,75 4,72
3 5,80 6,10 5,95 5,40 5,70 5,55 5,60 6,00 5,80 5,77
6 5,50 5,70 5,60 5,10 5,40 5,25 5,30 5,70 5,50 5,45
Ort. 5,33 5,60 5,47 4,97 5,27 5,12 5,17 5,53 5,35 5,31

8 0 4,00 4,20 4,10 3,70 3,90 3,80 3,90 4,20 4,05 3,98
3 4,60 4,90 4,75 4,30 4,50 4,40 4,50 4,80 4,65 4,60
6 5,00 5,20 5,10 4,60 4,90 4,75 4,80 5,20 5,00 4,95
Ort. 4,53 4,77 4,65 4,20 4,43 4,32 4,40 4,73 4,57 4,51

Ort 0 4,30 4,53 4,42 4,30 4,57 4,43 4,37 4,67 4,52 4,46
3 5,30 5,60 5,45 5,10 5,40 5,25 4,97 5,30 5,13 5,28
6 5,43 5,67 5,55 4,83 5,10 4,97 4,87 5,27 5,07 5,19
Ort. 5,01 5,27 5,14 4,74 5,02 4,88 4,73 5,08 4,91 4,98

Not: *Biiyiik harfler 0,01, kiiciik harfle 0,05 6nem seviyesini gostermektedir.
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Table 12. Variance analysis results of essential oil yields of mint genotypes

Tablo 12. Nane genotiplerinin ucucu yag verimlerine ait varyans analiz sonuglar

Varyasyon Kaynaklar1 SD F Degerleri Yillar Aras1 F Degerleri
2021 2022
Yil 1 313,422**
Azot 2 9,120** 2,358 6,588**
Fosfor 2 0,168 3,146* 3,213*
Genotipler 2 6,928%* 3,598% 5,841**
AzotxFosfor 4 1,340 1,088 0,867
AzotxGenotip 4 0,819 1,581 1,927
FosforxGenotip 4 0,628 0,696 0,266
AzotxFosforxGenotip 8 1,955 1,023 1,968
Y1lxAzotxFosforxGenotip 8 0,488
Hata 1 54
Hata 2 108

Not: *i@aretli F degerleri 0,05, ** isaretli F degerleri ise 0,01 6nem seviyesidir.

Nane genotiplerinin ugucu yag verimleri 2021
yilinda (p<0,01), 2022 yilinda (p<0,05) ve yillar
ortalamasinda (p<0,01) 6nemli bulunmustur (Tablo
12). Her iki yilda da ve yillar ortalamasinda en fazla
ugucu yag verimi M. piperita L. var Mitcham’de (5,8
I/da ve 6,1 1/da) belirlenmigtir (Tablo 11). Tiim bu
bulgular aromatik bitkilerde ugucu yag miktarinin
cevresel faktorlere, bitkinin genetik yapisna ve
yetistirme tekniklerine bagh oldugunu belirten
arastiricilarin bulgulari ile uyumludur (Sangwan vd.,

2001; Figueiredo vd., 2008).

SONUC

Azotun ve fosforun farkli dozlarinin, nane
genotipleri iizerinde yiiriitiilen calismada tarimsal
karakterleri ve ucucu yag oranlarina olan etkilerini iki
yil siireyle arastirilmistir. Incelenen karakterlerde
yillar arasindaki farkliliklar 6nemli bulunmustur.
Calisgmanin ilk yilinda bitki boyu ve ucgucu yag
oranlari, ikinci yildan daha diisiik olmustur.
Aragtirmanin ikinci yilinda; yesil herba verimi, drog
herba verimi, kuru madde orani ve ugucu yag verimi,
birinci yildan fazla olmustur. Denemede bitki boyu
genellikle 4 kg'lik

parsellerde artis gostermis, bu dozun iizerindeki

azot dozunun kullanildig:
uygulamalarda azalmistir. Bitki boyu olarak en
yiiksek deger M. piperita’da kg azot 3 kg fosfor
uygulamasindan elde edilmistir. Dekara 0, 4 ve 8 kg

azot dozlar1 uygulamalarinda; dekara 4 kg'lik azot

uygulamasinda bitki boyu, yesil herba verimi, drog
herba verimi, kuru madde orani, kontrol ve 8 kg/da N
uygulamasina gore daha fazla oldugu belirlenmistir.
Azot dozlar1 arttik¢a yesil herba veriminde de artis
meydana gelmis ve yillar ortalamasina bakildiginda
yesil herba verimi, drog herba verimi ve kuru madde
agisindan en iyi sonuglar M. spicata’da 4 kg/da azot ve
6 kg/da fosfor uygulamasindan elde edilmistir. Yillar
ortalamasina bakildiginda ugucu yag oramni agisindan
en iyi sonu¢ M. spicata’da 4 kg/da azot ve 3 kg/da
fosfor uygulamasindan elde edilmistir. En fazla ugucu
yag verimi 4 kg azot ve 3 kg'lik fosfor dozunda
(M. piperita L. Mitcham 5,95 1/da, M. piperita 5,55 1/da
ve M. spicata 5,80 1/da) belirlenmistir. Sonug olarak;
Canakkale kosullarinda M. spicata tipi nane igin en
yliksek ucucu yag veriminin alindigr 4 kg/da azot 3
kg/da

tiretilmesinin uygun olacagt ve alternatif olarak da

fosfor dozunda  giibre  kullanilarak

M. piperita L. Mitcham tipi nanenin yer alabilecegi

belirlenmigtir.
Etik Standartlara Uygunluk

Cikar Catismasi

Yazar herhangi bir ¢ikar ¢atismasi olmadigini deklare

etmektedir.

Etik Onay

Yazar bu ¢alisma igin resmi etik kurul onayinin gerekli

olmadigin bildirmektedir.
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Finansal Destek

Yazarbu calisma igin herhangi bir finansal destek

almadiklarin bildirmektedir.

Veri Kullanilabilirligi

Yazar, bu ¢alismanin bulgularin destekleyen verilerin

makale i¢cinde mevcut oldugunu onaylamaktadar.

Yapay Zeka Ac¢iklamasi

Yazar, bu makalenin yaziminda veya gorsel, tablo
veya sekillerin olusturulmasinda higbir {iretken yapay

zekanin kullanilmadigini teyit etmektedirler.
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