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Abstract

As the global population grows, there is an increasing demand for food, requiring sustainable farming
methods to increase agricultural productivity. Soil covers and mulches used in agriculture are mostly made
of synthetic materials derived from petrochemicals, which pose various problems such as soil contamination
and long-term insolubility. This study aims to use Ulva Lactuca algae as a sustainable raw material for soil
covers, as it contains vitamins and minerals that the soil needs. As seawater acidity increases, the
population of this algae is also increasing, creating the opportunity to use it in agriculture. The product is
expected to retain moisture and reduce water consumption and high temperatures. In addition, hurds
obtained from industrial hemp waste are used due to their high-water retention potential. The study
combined Ulva lactuca algae from the Marmara region and hemp strings from Narli and Vezir seeds to
create various composites with different structures. Basic tests were conducted to determine the
mechanical and physical properties of the products. The goal is to increase soil organic matter by using
these materials as fertilizer after their use as soil covers.

Keywords: Ulva Lactuca, Algae, Hemp, Biodegradable Agrotextiles, Sustainability

1. INTRODUCTION

Soil is one of our most significant natural resources that all living creatures share and ensure the continuance
of life. While the world population is expected to be 9.7 billion in 2050, in order to meet the food needs of
the future, it is necessary to focus on studies in this branch quickly compared to today. Today, while arable
land is decreasing day by day due to ecological reasons, the quality of the soil is deteriorating [1]. One of
the main indicators of this deterioration is the decrease in the organic matter content, which is the most
important element of the soil. It is known that organic matter loss is caused by incorrect agricultural
practices [2, 3]. Economic and sustainable practices that evaluate organic wastes that can be used to improve
the quality of the soil are of great importance [4].

Soil organic matter (SOM) is a crucial component of soil quality that plays a significant role in providing
nutrients to plants, maintaining water retention capacity, and regulating climate. As a result, organic matter
is not only important for agricultural productivity but also for environmental resilience. The balance of soil
organic matter is essential to maintain these functions [5, 6]. Microorganisms in the soil require energy and
nutrients to carry out their functions, and organic matter provides them with this. When there is a higher
amount of organic matter in the soil, microorganisms become more active, and plant nutrients become more
available and easier to absorb [7, 8]. Soil organic matter (SOM) is reduced through common farming
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practices such as intensive tillage, erosion, monoculture farming, and the use of chemical fertilizers and
pesticides. These practices can have a negative impact on soil quality and reduce the amount of organic
matter available in the soil [9]. The rising usage of chemical fertilizers has a negative impact on the soil,
environment, and human health [10]. Using chemical fertilizers can result in various negative effects on the
soil, environment, and human health. The properties of the soil, including its physical and chemical
properties, can be altered by using chemical fertilizers. The soil pH may exceed the plant's optimal range,
which can lead to the formation of ionic toxicity, causing a salt effect on the plants. This can result in a
decrease in soil biodiversity and resistance to diseases and pests, as well as a disruption of the nutrient
balance in products. Moreover, chemical fertilizers can pollute water and cause heavy metals to accumulate
in the soil, leading to heavy metal contamination [11, 12]. Sustainable agricultural practices are centered
on techniques that safeguard and enhance the quantity of soil organic matter (SOM) and microorganisms
in the soil.

Plastic mulch films are commonly utilized in agricultural crop production to boost yields [13, 14]. Using
agricultural plastic mulch films can enhance crop yields by altering soil temperatures, preserving soil
moisture, and minimizing the emergence of weeds [15, 16]. Mulching is also a technique for conserving
water, as it helps the soil to retain more moisture and reduces erosion [17]. Plastic mulch made of low-
density polyethylene (PE) is popularly used due to its affordability, ease of production, and ability to
possess the required characteristics such as durability and flexibility [18]. The extensive utilization of non-
biodegradable polyethylene has led to significant environmental harm, as it remains a residue in the soil for
numerous Yyears [19, 20]. Besides its environmental impact, removing plastic mulch films from the land
after their use is inconvenient regarding both time and resources [21]. Biodegradable mulches serve as an
eco-friendly substitute for conventional petrochemical-based polyethylene (PE) mulches, which are
extensively utilized in agriculture. Biodegradable mulches can be produced from bio-based polymers from
plants or microbes, or from fossil-based materials. Bio based polymers commonly employed in
biodegradable mulches include polylactic acid (PLA), starch, cellulose, and polyhydroxyalkanoates (PHA)
[22]. Biodegradable mulches can also be made from fossil-derived materials, such as polyesters like
polybutylene succinate (PBS), polybutylene succinate-co-adipate (PBSA), and polybutylene-adipate-co-
terephthalate (PBAT) [23].

Biodegradable mulches have an advantage over traditional PE films because they can decompose naturally
in the soil after use, eliminating the need for collection [24]. While biodegradable mulches have the
advantage of being able to degrade naturally in the soil after use, there are still concerns and uncertainties
about their potential long-term impacts on soil ecosystems [25]. Biodegradable mulches have two different
potential effects on soil ecosystems. The first effect occurs when the mulch is on the soil surface, acting as
a barrier and affecting the soil atmosphere before it is mixed into the soil. The second effect occurs when
the physical particles of the mulch are directly mixed into the soil. Using biodegradable mulches can
enhance microbial activity and increase the presence of certain types of fungi [26]. Choosing appropriate
soluble ingredients for biodegradable mulches is important as they can affect soil organic matter dynamics
and stimulate microbial activity. Natural ingredients that meet the desired properties are preferred. The use
of chemical fertilizers should be minimized due to their negative impacts on soil, environment, and human
health. Increasing soil organic matter through natural raw materials can support sustainable organic
agriculture [23].

Seaweed is an organic fertilizer commonly used and can be a great choice for improving soil organic matter
when mixed with the soil after plastic film application [27, 23, 28]. Ulva lactuca is a type of flat green algae
from the Ulvaceae family that is present all around the globe. It is highly valued due to its various
applications in different fields, such as food, agriculture, medicine, and pharmacology. Ulva lactuca can be
found in coastal and subtidal waters, typically at depths of up to 75 meters. However, it requires a significant
amount of sunlight to grow successfully [29]. This species is perennial that continues to grow throughout
the year but mostly blooms in summer. Its growth has been rapidly increasing due to the rise in acidity and
the presence of nitrogen and phosphorus in our oceans. Additionally, it has a high sodium, potassium,
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magnesium, iodine, aluminum, manganese, and nickel content. It also contains various nutrients such as
Vitamin A, Vitamin B1, Vitamin C, calcium, soluble nitrogen, phosphorus, and many other trace elements
[30, 31].

There is a growing interest in hemp globally, which is also increasing in our country. Hemp is an annual
plant that has the potential to fill the gap in sustainable textile products as it grows quickly and efficiently
with minimal water usage. Industrial studies on hemp are gaining momentum [32]. The waste product
known as hurds is obtained after separating the stem fibers from the stem. These lignocellulose-based
particles are produced as a byproduct [33]. The hurds possess good moisture retention capacity due to their
physical structure [34]. Hemp hurds will be utilized to retain the moisture lost from the soil due to rising
temperatures by creating a material with their physical properties.

The level of organic matter in agricultural soils is extremely low, and it is necessary to have a minimum of
3% organic matter in the soil weight to achieve the desired physical, chemical, and biological properties
and yield potential of the soil [35]. To increase the organic matter content of agricultural soils, it is important
to consider sources of organic matter. The use of vegetable waste has shown promising results in increasing
organic matter. The project also focuses on recovering phosphate using seaweed (Ulva lactuca) as an
organic fertilizer. The goal is to create a multipurpose material by making hemp residues and algae suitable
for mulching before being used as fertilizer.

The goal is to find a sustainable solution for traditional mulch disposal in agriculture by choosing renewable
and biodegradable materials derived from natural sources with diverse content. Combining Ulva Lactuca
algae, which is rich in organic matter and immediately usable minerals for plants, with moisture-retaining
and sustainable hemp, a novel product can be created with potential benefits for agriculture. This
combination has not been studied in literature before and could be groundbreaking.

2. MATERIALS AND METHOD

2.1 Hemp (Cannabis Sativa L.)

The hurds used in the study were obtained from the crops of Narli and Vezir seeds. Hemp Hurd was obtained
as a side material in the fiber extraction process. In the study, it was used in the form shown in Figure 1, in
2 different sizes. In the form of finely ground Hurd, the fibers on the hurds are also fully exposed and
become softer.
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2.2 Seaweed (Ulva Lactuca)

The Ulva Lactuca algae used in the study were collected by us in Marmara Ereglisi (40.9686885,
27.9284249). As shown in Figure 2, different types of algae are collected in the bay area. Ulva Lactuca
algae were tainted and collected by us.

Figure 2. The region where algae used in the study

According to Figure 3, the sea algae known as Ulva Lactuca were dried naturally for two days without
additional materials. After that, the dried pieces were ground and separated into smaller sizes.

S ...

Figure 3. Drying and decomposition stepsjof collected ulva lactuca algae

The study focused on constructing designs with varying degrees of fineness and content, using four different
methods that cater to different usage areas. Sample codes created according to specific details, are listed in
Table 1.

Table 1. Production methods and samples
Method Samples obtained in the
production method
101/ 102
201/202 /203

301/302/303/304
401 /402 /403

AW N

The study conducted seven content analyses to measure the differences between freshly collected and dried
algae, the adhesion of thin and thick stalks to the structure, and their chemical resistance. The various
contents designed for this purpose are listed in Table 2. It is also important that the developed structures
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contain vinegar as it has a number of benefits to used areas such as natural herbicide for weed control
(especially in organic farming practices), pest and fungal control in agricultural crops, increasing the acidic
nature of soil or balance alkaline soils, compost decompose and break down quickly. Vinegar can also assist
in controlling odors and repelling insects in the composting process.

Table 2. Sample contents table

Content Contents Worked Samples
Name Conforming to
Content
A Dried Seaweed + Corn Starch + Grape Vinegar + Water 101 /203 / 301/
B Dried Seaweed + Corn Starch + Grape Vinegar + Water + small 102 /302 /303
particle Hurd
C (Fresh Seaweed + Corn Starch) + Corn Starch + Grape Vinegar + 201
Water
D (Fresh Seaweed + Corn Starch) + Corn Starch + Water 202
E Dried Seaweed + Corn Starch + Grape Vinegar + Water + medium 401/304
particle hurd
F Dried Seaweed + Corn Starch + Grape Vinegar + Water+ small 402
particle hurd
G (Fresh Seaweed + Corn Starch) + Corn Starch + Grape Vinegar + 403
Water

2.3 Production Methods

Samples labeled 101-A and 102-B were created using production method number 1, which involves a thin
design. These samples were prepared with A and B contents and involved pouring and pressing a mixture
between oiled paper under a 20-kilogram pressure, then allowing them to dry.

< \
o A
’

Figure 4. Fine samples in series #1 (101/102)

Samples with codes 201-C, 202-D, and 203-A, which have a thickness range of 0.5-0.7 mm, were produced
according to specified contents using production method number 2. The mixture was then poured into a
mold to achieve the desired thickness and left to dry. The effect of vinegar on samples 201 and 202 was
observed during production. As shown in Figure 5 and Figure 6, the color of the samples became darker
due to the acidic nature of vinegar reacting with the dye pigments, resulting in a difference in tone. Vinegar
was included in the content because of its protective properties, which help to delay decomposition.
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Figure 5. Sample production with code 201

Figure 6. Sample production with code 202

The aim was to investigate the impact of fresh algae structure on the samples labeled 201 and 203. The
observations revealed that the color of the freshly applied 201 sample was just as dark as that of the 203

sample.

Figure 7. Sample prouction with code 203

For production method number 3, mold work was carried out beforehand to facilitate strength and related
tests. Samples with codes 301-A, 302-A, 303-A, and 304-B were created with specified contents by pouring
the mixture into the molds and letting it dry. The A content was chosen to examine the properties of the
hurd and its fineness in the samples. During the production of the 301 and 302 coded samples, the hurds
were first spread inside the mold, and then the mixture was poured on top, smoothed out, and left to dry.
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Figure 9. Production of 303 and 304 coded samples

Production method number 4 involved creating samples coded 401-E, 402-F, and 403-G with a size range
of 4-5 cm and specified contents. Hurds of varying thickness were placed beneath the molds, and the

prepared mixtures were poured on top and allowed to dry.

4

Figure 10.
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Table 3. Dried samples ready for testing
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3. RESULTS AND DISCUSSION

The tests were conducted under standard atmospheric conditions, starting at (20 £ 2) °C and (65 £ 4) %
relative humidity. The test methods used in this study were based on the standards applied to conventional
textile-based structures. Technical textiles are generally tested regarding to conventional textiles. The most
appropriate test methods were used in this study to determine the basic properties of the developed
structures.

3.1 Areal Density and Thickness

Weight and fineness were determined by using a precision digital micrometer (Mitutoyo, Kanagawa,
Japan). Ten measurements were taken at random points for each sample, and the mean values were
determined. Film thickness was a critical property that needed to be measured, as it influenced the
mechanical strength and water barrier properties of the samples. For agricultural purposes, a film thickness
as low as 5 um was adequate for controlling weed growth in the field [1]. Samples containing tortillas
showed an increase in deviations in average values, particularly in thin samples such as 303 and 304 and
thick samples such as 402 and 403, which were formed with hurds on one surface.

Table 4. The average thickness and weight values of the produced samples

Sample Codes Average Thinness Values Weight Values
(mm) (g/cm?)
101 0.5680 0.0393
102 1.3387 0.0450
201 0.7529 0.1417
202 0.4465 0.1662
203 0.7075 0.2479
301 0.5083 0.0405
302 1.235 0.1692
303 1.367 0.1456
304 1.692 0.2110
401 5.4187 2.686
402 4.8825 1.468
403 4.1020 1.352

Figure 11. Thickness values measurement

3.2 Tensile Strength Test
All samples were tested for their mechanical properties using a Shimadzu EZ-X device at a speed of 5

mm/min and following the standard test method ASTM D1682-64 under standard atmospheric conditions.
The mechanical properties are as important as the water barrier properties to determine the film's
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performance, especially in packaging and plastic culture. The mulch film must have sufficient strength as
it is usually laid on the ground by machines, and the poor mechanical properties shouldn’t deform during
processing and fixing of the films to the ground. The results show a decrease in strength due to the moss
and starch mixture not fully bonding with the hurd pieces, which is a common problem in composite
construction. Additionally, a decrease in tensile strength was observed as the thickness of the samples
increased, which is likely due to the evaporation rate and strength being dependent on the fineness during
the drying process.

Table 5. Tensile strength values of produced samples

Samples Tensile Strength (N)

101 12,8627
102 13,9495
201 9,8345
202 9,1635
203 8,1367
301 7,7691
302 1,2107
303 0,9203
304 0,7503
401 0,5476
402 0,5286
403 0,4983

20

18

16 102

14

Force(N)
~

12 14 16 18 20
| Disp.(mm)

Figure 12. Tensile strength values
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Figure 13. Tensile strength values measurement

3.3 Air Permeability Test

The test for air permeability was performed in compliance with the TS 391 ISO 9237 standard, under
standard atmospheric conditions (20 £ 2) °C and (65 £ 4) % relative humidity. Air permeability is a crucial
factor for protectingof the material against moisture. The film layer containing algae and starch, which was
created, is impermeable to air. It was found that this film will protect against moisture during the growing
season of seasonal plants when used as a ground cover.

3.4 Water Absorption Capacity Test

The test for water absorption capacity was performed according to the TS 866 standard. Each sample was
measured ten times, and the mean value was calculated. For this test, five test samples were prepared from
each original sample and weighed to get the dry weight. The samples were then placed in water at room
temperature for one minute and then hung for three minutes to remove excess water. The weight of the wet
samples was measured and recorded, and the water absorption capacity was calculated as a percentage.

Table 6. Water absorption capacity values of produced samples

Samples Dry Weight (g) Age Weight (g) Water Absorption
Capacity (%)
101 0.810 0.912 12.59
102 2.924 3.419 16.92
201 3.531 4.214 19.34
202 3.731 4.249 13.88
203 3.412 4.317 26.524
301 1.620 1.940 19.75
302 4.784 6.873 43.66
303 3.823 6.054 58.35
304 3.589 6.019 67.71
401 24.176 31.202 29.06
402 13.216 17.046 29.18
403 7.082 8.404 18.67

3.5 Light Transmittance Test

The light transmittance test is a custom-made test designed to measure the ability of the samples to transmit
light under daylight conditions. The test setup, shown in Figure 15, uses D65 and D5000 daylight lighting
sources to mimic outdoor lighting in a light-proof box. The amount of light that passes through the samples
and reflects on a black plate is observed. The samples that contain hurd have lower permeability, and the
opacity increases, and the amount of transmitted light decreases as the thickness increases in samples that
do not contain tortillas. The reflection of light affects plant growth, plant response, and insect development.
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Further analysis of light contact and temperature reflection values will be conducted in the future as part of
the study.

Light Source
Black Box
Sample
shadow of light
Black Board

passing through
the sample

Figure 14. Experimental setup established to evaluate the light transmittance properties of the samples

3.6 Contact Angle Test

When the contact angle is less than 90°, wettability is considered high. Previous studies have shown that
the contact angles of traditional mulch films are usually over 90 degrees. In this study, contact angle tests
were performed on the samples, and the results showed that the hurd-free surfaces had higher contact angles
due to their stronger hydrophobic properties. The bottom toppings in the 303 and 304 samples affected the
thin film layer on the surface, leading to higher contact angles. In thin samples, the increase in the size of
the hurd caused the angles to increase because it made the surfaces less homogeneous. The surfaces mixed
with the hurd had wider spreading angles due to the water absorbing properties of the hurds.

70 EEEE
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. —— T s
40

30
20
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0

401 402 403

101

Contact Angle

Samples

Figure 15. Contact angle test results and contact images
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3.7 Thermal Properties (Far Infrared Radiation-FIR) — Flammability

The samples were tested to determine their thermal resistance and heat retention properties using a soot
method [2, 3]. This is used as a kind of heat absorption test in the study. Thermal imaging was used to
measure heat storage properties. The samples were warmed up for 4 minutes and the hottest point was
determined using a thermal imaging camera. The heat source was then turned off and the cooling process
was measured for 8 minutes. The heat retention values increased with weight ratios, and samples containing
hurds had better heat retention properties due to their voluminous structure. The sample coded 401 had the
highest heat retention weight and thickness, reaching 61.3°C in the 4th minute after heating. The sample
coded 302 containing tortillas and hollow parts reached 41.7°C in the 4th minute and showed good heat
retention properties. In the samples without hurds, slight folds were formed during heating but returned to
their original state during the cooling process.

401 302

Figure 16. FIR test process applied to samples

Traditional greenhouse mulches do not protect to the soil or plants during a fire in the greenhouse. Results
from the fire-fighting observation tests performed on the samples showed that improvements can be made
based on the initial results. Previous research has indicated that the algae content used in this study is non-
flammable [4, 5, 6]. The bond structures in the contents can be utilized for conducting studies to preserve
this characteristic.

FigAure 17. Flammability tested samples
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4. CONCLUSION

The tests conducted on the samples created based on the project objectives have been analyzed, and the
corresponding results have been presented in the findings section. The initial stage goals have been achieved
by utilizing the obtained values. The long-term effects of the materials on plants, soil, and the environment
should be further investigated. These materials can provide a natural and sustainable alternative to
conventional PE products that are petrochemical-based in the agrotextile market. They possess a
competitive advantage over other biodegradable products as they have a much more diverse composition.
The thickness, weight, and content of the materials can be tailored to best suit the intended purpose. In
future studies, various production methods will be tested to obtain samples, and research will continue. The
goal is to maximize agricultural productivity using sustainable techniques based on the results of these
studies.

The research has the potential to be expanded and advanced to gain more knowledge about Ulva Lactuca
and hemp combination. It is seen that the hemp by-product and waste Ulva Lactuca has potential to develop
different composite structures to be used in different agro and geo textile applications. The usability and
processability of this composition are generally examined and successfully converted into one unique
structure. It is also important to mention that different elements can be added to the structures to make extra
benefit from the final product. Compared to nonwoven structures, hemp and Ulva have fibrillar structure,
giving water absorption and slow-release properties to the product. Sustainable productions can be
accomplished by aiming to achieve carbon-neutral products in all production processes.
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Abstract

Determination of peak flow rates is crucial in reducing the economic and social impact of floods. Therefore,
the investigation of various methods for estimating floods is of paramount importance. Flood frequency
analysis can be used as a practical method in predicting the peak flow values as the flood peaks have
return periods that are typically much larger than the recording length. In this study, seven different
probability distributions (normal (N), two-parameter lognormal (LN2), three-parameter lognormal (LN3),
extreme value type | (Gumbel), generalized extreme value (GEV), Pearson Type Ill (P3) and Log-Pearson
Type Il (LP3)) are employed for flood frequency analysis of Alibeykdy Watershed using 44-years of
measured annual maximum flow. K-S and PPCC tests are applied to determine the most suitable
distributions to estimate the flood flow rate. Based on these tests, GEV and Gumbel distributions appear to
be the most preferable distributions in flood flow estimation.

Keywords: flood frequency analysis, probability distribution, return period, peak flow

1. INTRODUCTION

Flood frequency analysis is employed for the best fitting of a probability distribution to observed data to
make predictions about the occurrence of floods. Long data sets are needed to accurately predict of flood
return periods. However, most of the time, water resources engineers suffer from a lack of data and thus,
probabilistic approaches are used in flood predictions. The selection of an appropriate fit among many
existing probability distributions is the most important stage of such studies, which is referred as flood
frequency analysis. Flood frequency analysis deals, in fact, not only with maximum flow rates but also with
minimum flow rates. Ondz and Bulu [1] employed low flow frequency analysis to determine the minimum
downstream release requirements from hydropower, water supply, cooling plants, and other facilities. Many
studies in the literature point out the importance of flood frequency analysis in water resources management
[2, 3, 4]. Flood frequency analyses are carried out in a large extent both in Turkey [5] and in the world
[6,7,8]. L-moments have been extensively used as a tool in regional flood frequency analyses [9-15]. While
GEV, Gumbel, Normal, two parameters Log-Normal, three parameters Log-Normal, Gamma, Pearson
Type 11, and Log-Pearson Type Il distributions appear as selected probability curves in flood peak flow
fitting [16-17], GEV distribution is commonly found as the most suitable distribution function among the
studies conducted on flood frequency analyses [18-20]. [21] point out several factors which are effective
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on the reliance of statistical flood frequency analysis such as the selected probability distribution function,
estimation of the function parameters, possible outliers, and length of the observed flood series. [22] point
out the importance of estimating the T-year flood discharge, which is the discharge once exceeded on the
average in a period of T years, as the ultimate interest of flood frequency analysis. The objective of this
study is to determine the best fit probability distributions for estimating T-year flood recurrence intervals
of the rivers in Alibeykdy basin in Istanbul, Turkey. For this purpose, seven probability distributions called
the normal (N), two-parameter lognormal (LN2), three-parameter lognormal (LN3), extreme value type |
(Gumbel), generalized extreme value (GEV), Pearson Type Ill (P3) and Log-Pearson Type Ill (LP3), are
considered. The statistical analyses are conducted using the yearly maximum flow rate data recorded for
44 years on Alibeykdy Piringci Stream to find the peak flow rates with different return periods. L- Moment
methods are employed in these analyses. Finally, Kolmogorov-Smirnov (K-S) statistical tests and
probability plot correlation coefficient (PPCC) are performed to select the best-fit flood probability
distribution for Alibeykdy Watershed.

2. METHODOLOGY
2.1 Probability Distribution Functions

Many flood frequency models have been suggested in the literature, but none of them has been accepted
universally [23]. In order to achieve some degree of uniformity in the determining of flood quantiles, some
countries have agreed to adopt a certain distribution function. For example, the Log Pearson Type Ill was
recommended by the US Water Resources Council (USWRC) in 1967 for use in the USA and the general
extreme value distribution (GEV) was suggested by the Institute of Hydrology, UK, for use in the UK and
Ireland. In this study, seven probability distributions are considered to predict flood discharges in Alibeykoy
Watershed, Turkey. These distributions are normal (N), two parameters lognormal (LN 2), three parameters
lognormal (LN 3), Extreme Value Type | (Gumbel), Generalized Extreme Value (GEV), Pearson Type Il
(P3) and Log-Pearson Type Il (LP3), which are widely used in hydrologic frequency analysis. These
distributions and their probability density functions (PDF) are presented in Table 1 [24]. In these equations,
X is the observed value. Further details of these distributions can be found in a book by Rao and Hamed
[26].

Table 1. Statistical distribution and functions [24, 25]

Distribution type Probability density function Parameters
u=mean (location

parameter)
Normal (N) £l )‘w— expz,, x-)? o=Standard

deviation (scale

parameter)
1y = location
Two-Parameter (lnx uy) parameter
lognormal (LN2) fx)= x.o \/_ oy = scale
parameter
1y = location

parameter

[_ (log(x—a)—uy)z] oy = scale

Three-Parameter

_ 1
Lognormal (LN3) fx) = oz P parameter
a = shape

parameter
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2.2 Parameter estimation

After selecting the probability distribution functions, the next step is the estimation of the location, scale,
and shape parameters. The estimated parameters are then used in the probability distribution functions to
calculate quantile estimates for different return periods or to calculate the return period for a given flood
magnitude. There are many methods for parameter estimation, such as the method of moments, the
probability-weighted moments method, the maximum likelihood method, the least squares method,
maximum entropy, mixed moments, the generalized method of the moments, and the incomplete means
method. The details of these methods are already available in the literature. Among these methods,
statistical moments, L-moments, and maximum probability methods are used frequently in the
determination of the relevant parameters of probability distribution functions [27]. In this study, L-moments
method is employed in parameter estimation.

2.3 L-moments

In the last century, one of the most significant scientific contributions to statistical hydrology was made by
Hosking [28] with the L-moments, which are special cases of probability-weighted moments. The
advantages of the L-moments can be summarized as follows: (i) they characterize a wider range of
distributions than conventional moments, (ii) they are less sensitive to outliers in the data, (iii) they
approximate their asymptotic normal distribution more closely, and (iv) they are nearly unbiased for all
combinations of sample sizes and populations [29]. L-moments are alternatives to determine the main
characteristics of the probability distribution of hydrological data. L-moments may be considered a linear
combination of data series in ascending order. The general expression for probability-weighted moments is
given as follows [25]:
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The usage of the confident estimations of probability-weighted moments in the charts of L-moments and
regional analyses is suggested. L-moments can be calculated by using probability-weighted moments as
follows:

A1=bg (6)
1,=2b;-b, (7
A3=6b,-6b;+b, (8)
24=20b3-30b,+12b;-b, (9)

L-skewness (13) = A3/A2
L-kurtosis(t4) =A4/A2 (10)
L-Cv (1) = A/Ma

2.4 Kolmogorov-Smirnov (K-S) test

Two goodness of-fit-tests are used for evaluating the suitability of different probability distributions in this
study. A procedure based on the expected number of exceedances of a certain flood event was used.

In Kolmogorov-Smirnov (K-S) test, the observed data series is sorted in ascending order first. Then, for
each observed value of xi, its probability of non-exceedance F(x) is an empirical distribution function
calculated using a plotting position formula. S(x) is the theoretical cumulative distribution of the tested
distribution computed using the chosen probability distribution. According to the K-S test, the largest value
of the differences between these two probabilities is considered for the goodness-of-fit test criterion.

From K-S’ table, according to the acceptable level of significance o, commonly taken as 90% or 95%, and
the number of elements in the sample series, n, Dtable is obtained. If Dtable >Dmax, then the chosen
probability distribution is said to fit to the observed sample series [5].

F(x)=P (X <x) (12)
D=max [F(x)-S(x)] (12)
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2.5 Probability plot correlation coefficient (PPCC) test

The adequacy of a fitted distribution can be evaluated by the PPCC coefficient, which is essentially a
measure of the linearity of the probability plot [30]. PPCC is a powerful goodness-of-fit test for normality
developed by Filliben and Looney, and Gulledge [31]. This test is readily extendible for testing some non-
normal distributional hypotheses. Filliben’s PPCC test statistic is defined as the product moment correlation
coefficient (r) between the ordered observations yi and the corresponding fitted quantiles Qi which is
determined by the plotting position formula for each yi. The test statistic is defined by:

W
o EL 0@ 13
-2

Y and Q represent the mean values of the observation Yi and the fitted quantile Qi, respectively, and N is
the sample size [15]. This test is seen to be much more powerful than other tests. In many cases, the two-
parameter distributions are rejected.

2.6 Study Area: Alibeykoy Watershed

Alibeykdy Watershed is located on the European Continental side of Istanbul in Turkey. It has a drainage
area of 161 km2 and supplies an important portion of Istanbul’s drinking water. There are 10 streams that
gather overland flow generated over the basin. These streams are Cebeci stream, Bogazkdy stream, Bolluca
stream, Kocaman stream, Ciplak stream, Ayvali stream, Elmal1 stream, Giilgen stream, Malkog stream,
Ciftepinar stream. The land morphology of the great part of the watershed is in the form of sandy clay loam.
The altitude of the watershed is between 30-170 m in the topographic boundaries. Alibeykdy Watershed is
composed of 23% of agricultural and pastureland, 15% of residential and industrial areas, 60% of forest,
and 2% of dam area. However, there is a great potential for population growth due to the new developments
of infrastructures in the basin. These new infrastructures include third Bosphorus Bridge, third Istanbul
airport and Canal Istanbul project. Therefore, high urbanization is expected in the next 10 years and these
changes will have negative effects on the ecosystem in the future if no action is taken. Moreover, settlements
on this watershed especially near the mainstream are under flood risk. Selection of Alibeykdy watershed as
the study site is thus crucial. The boundary of Alibeykdy Watershed and Alibeykdy Dam are shown in
Figure 1.

Figure 1. General view of Alibeykdy Watershed and location of rain gauge and flow meter

In this study, annual maximum flow data recorded for 44 years at Alibeykdy gauge station located on
Piringgi Stream (DSI__AGI_D02A047) is used. The flow meter is located downstream of the Piring¢i Stream
(Figure 2).
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Figure 2. General view of flow meter in Alibeykdy Watershed

The annual maximum flow data for 1965-2020 were obtained from State Hydraulic Works of Turkey. The
graphics of the annual maximum data series is given in Figure 3.
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Figure 3. Annual maximum peak flow rates of Piringgi Stream in Alibeykdy Basin

3. RESULTS AND DISCUSSION

The minimum and maximum values of the annual maximum flow data series for the D02A047 gauge station
are provided in Table 2. In addition, the statistics using classical moments are calculated using the annual

maximum flow data and given in Table 2.
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Table 2. Minimum and maximum values of flow data and the corresponding statistics

Parameters Values
Number of data (N) 44
Minimum flow (m?/s) 6.16
Maximum flow (m%/s) 165
Mean flow (m®/s) 56.12
Standard deviation (m?/s) 34.47
Coefficient of skewness 1.05
Coefficient of quartile skewness 0.33
Median (m3s) 44.30
Destination between quartiles 44.95
Median absolute deviation (m3/s) 11.82
Variance 1187.86

Probability-weighted moments and L-moments are computed for DO2A047 gauge station data and the
relevant parameters are presented in Table 3. The statistical parameters are location, scale, and shape
parameters. Using probability-weighted moments (PWMSs), L-moments are computed. Then, L-moment
ratios are defined, which are L-coefficient of variation, L-skewness, and L-kurtosis.

Table 3. Probability weighted moments and L-moments

D02A047 gauge L-Moments and rates
bo 56.12
b: 38.82
b> 30.29
b3 25.11
(Location) L1 56.12
(Scale) L, 21.52
(Shape) L3 4.96
(threshold) L4 3.06
(Variation) LCy 0.38
(Skewness) LCs 0.09
L-kurtosis 0.14

The parameters of the N distribution are the mean p and standard deviation ox. Non-normal distributed
variables can be adjusted to the normal distribution by means of a suitable distribution. One of these
transformation methods is computing the logarithms (y=Inx). In this case, logarithmic mean p and standard
deviation oy will be the parameters of the LN2 distribution. For the Gumbel distribution, scale and location
parameters were estimated by PWMs and L-moments. The GEV, P3, LN3, and LP3 distributions contain a
shape parameter in addition to location and scale parameters, which are also estimated by PWM sand L-
moments.

Just as the log-normal distribution, which represents the logarithm of the normal distribution of the variable
X, LP3 represents the logarithm of the P3. Moreover, the 3-parameter log-normal distribution (LN3)
represents the logarithm of the normal distribution with an additional parameter xo corresponding to a lower
boundary. The estimated parameters of 2 and 3-parameter distributions are presented in Table 4 and Table
5.

46



The Best Fit Flood Probability Distribution
ALKU Fen Bilimleri Dergisi 2023, Say1 5(2): 40-51 for Alibeykdy Basin in Istanbul, Tiirkiye

Then, the maximum flow rate for return periods of 50, 100, 200, and 500 years are predicted using seven
different probability distribution functions and are given in Table 6. As it can be seen from this Table, for
low return periods (i.e. 50 and 100 years), LN2 predicts the flood flow the lowest, whereas P3 predicts the
flood flow the highest. For high return periods (i.e. 200 and 500 years), N predicts the lowest flood flow,
whereas LP3 predicts the highest flood flow. In general, the flood flow results for LP3 are significantly
higher than the results of the rest of the probability distribution functions as the return period increases. The
maximum flow data is measured as 165 m%/s at a gauging station in Alibeykdy Watershed for 44 years of
annual maximum flow data. As it can be seen in Table 6 that this value is between the values calculated by
Gumbel and GEV distribution functions for 50-year return period.

The comparison of 2-parameter distributions with the observed data and 3-parameter distributions with the
observed data are presented in Figures 4 and 5, respectively. As it can be seen from Figure 4 that Gumbel
fits the observed data better than N and LN2. N represents the flood flow for low return periods better than
the ones for high return periods. When 3-parameter distributions are compared, GEV fits the observed data
better than LN3, P3, and LP3.

Table 4. Parameter estimation of 2-parameter distributions

N LN2 Gumbel

2 Ox u oy ¢ a
56.12 34.47 3.38 0.57 31.06 38.19

Table 5. Parameter estimation of 3-parameter distributions

LN3 GEV P3 LP3

K (Cs) K (Cy)
50 100 200 500 50 100 200 500
325 092 -1598 -0.09 2829 3696 258 3.09 474 523 258 3.09 474 523

Hx Ox Xo k a u
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Figure 4. 2-parameters probability distributions and observed data in the Piringci stream.
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Figure 5. 3-parameters probability distributions and observed data in the Piringci stream.

Finally, the goodness of-fit-test for each probability distribution function is performed using K-S and PPCC
methods. The results of K-S and PPCC methods are presented in Table 7 and Table 8, respectively. Based
on K-S test, all distributions used in this study are found as suitable. Based on the PPCC test, among 2-
parameter distributions, only Gumbel is found the suitable distribution and among 3-parameter
distributions, only GEV is found as the suitable distribution. Thus, GEV and Gumbel distributions, which
perform the best results for the goodness of fit tests, are chosen among the probability distributions
investigated in this study for decisions in Alibeykdy watershed planning and management.

Table 6. Various return periods of flood flow estimated for

Station no D02A047
Flood flow (m?s) for various Return

periods (year)
Distribution type 50 100 200 500
Normal 135 145 155 166
Log-Normal2 112 133 155 185
Log-Normal3 148 164 179 196
Gumbel 159 181 203 231
GEV 170 199 230 274
Pearson Type IlI 179 208 305 334
Log-Pearson Type IlI 155 211 585 791

Table 7. Results of K-S Test

Distribution Critical values ® Suitableness of data”
Calculated Critical

Normal 0.0141 0.20503 Compatible

Log-Normal 2 0.0080 0.20503 Compatible
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Log-Normal 3 0.0222 0.20503 Compatible
Pearson Il1 0.0222 0.20503 Compatible
Log-Pearson 11l 0.0222 0.20503 Compatible
GEV 0.0136 0.20503 Compatible
Gumbel 0.0127 0.20503 Compatible

*If calculated r is smaller than critical r, it is suitable.

Table 8. Results of PPCC Test

Distribution Critical values ® Suitableness of data”
Calculated Critical

Normal 0.955 0.977 Not compatible
Log-Normal 2 0.902 0.977 Not compatible
Log-Normal 3 0.904 0.977 Not compatible
Pearson 111 0.896 0.940 Not compatible
Log-Pearson 11l 0.822 0.940 Not compatible
GEV 0.985 0.977 Compatible

Gumbel 0.988 0.970 Compatible

*If calculated r is bigger than critical r, it is suitable.
4. CONCLUSION

Flood flow rate is an important hydrologic parameter in determining flood risk, managing water resources,
and designing hydraulic structures such as dams, spillways, culverts, and irrigation ditches. The estimate
of the design event should be fairly accurate to avoid excessive costs in case of overestimation of the flood
magnitude or excessive damage and even loss of human lives in case of underestimation of the flood
potential. This paper presents a case study for prediction of peak flow rates with different return periods for
Alibeykoy Watershed. Several probability distribution functions are fitted using annual maximum flow data
measured on Piringg¢i Stream, and K-S and PPCC tests are employed to determine their performance. Based
on the analyses carried out, the following conclusions are drawn from this study:

1. Among the commonly used distributions in hydrology (N, LN2, LN3, GEV, Gumbel, P3, LP3), the GEV
and the Gumbel distributions are found as the most suitable candidates in representing the annual maximum
flows of rivers of Alibeykdy basin. Therefore, the other distributions were suggested as secondary methods
to estimate these quantiles.

2. The estimated flood values can be used in hydraulics, hydrology, and engineering studies related to the
design and operation of hydraulic structures (bridges, culverts, dams, erosion-control structures), especially
in urbanized areas so that decision makers can accurately plan watershed management strategies and protect
water resources and ecology.
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Abstract

The high perishability of bananas and avocados causes a loss in quality and value. With the aim of the
Turkish government to increase production to meet its exportation demands, the consequences of
losses are expected to amplify. Therefore, this review aims to provide an overview of the potential of
using drying as a preservation method to produce fruit powders and evaluate the effects of drying on
the physicochemical properties and color of the powders as a consumer acceptability parameter. The
review initially collated 893 results from databases and the utilization of search engines. Thirty articles
were selected for qualitative assessment. Results showed convective, vacuum, freeze, and spray drying
produced powders with acceptable moisture content (<10%) and water activity values (<0.6), ensuring
chemical and microbial safety. However, heating caused thermal degradation due to the Maillard and
caramelization reactions, forming brown pigments. Convective drying required the longest drying time
and produced brownish-red powders with the highest a* value. As both freeze drying and spray drying
involve low temperatures and short drying times, they are suitable for heat-sensitive materials
respectively. The addition of maltodextrin exhibited color protection effects, and foam mat drying
minimized drying temperature and time by increasing the surface area. In conclusion, drying is an
effective and suitable preservation method for perishable bananas and avocados and is highly
recommended to be adopted in Turkish plantations. However, other physicochemical properties of the
powder should also be considered in future research.

Keywords: Avocado, Banana, Fruit powder, Drying methods

1. INTRODUCTION
1.1 Avocado and Banana Production in Turkey

Turkey is a growing agricultural producer, with the agriculture sector comprising approximately 8% of
its economy [1]. The government’s commitment to growing the agriculture sector as an economic
strategy has boosted Turkey’s status to being the world’s 8™ largest agricultural producer [2]. The
production of perishable fruits is crucial among other crops, such as pulses and cotton. As Turkey seeks
to increase its production of fresh fruits, there are challenges associated with their perishability. The
solution to these problems will maximize the input-to-outcome ratio and ensure quality. Bananas and
avocados are examples of fruits being widely produced in Turkey, with the town of Alanya being one
of the main areas of production [2].

Due to the increased demand for bananas and avocados, Turkey is setting aside more land to cultivate
these fruits. According to of the National Statistical Institute records, the data obtained from the
Agriculture and Forest Ministry of Turkey [3] illustrates that the total land for the national production
of bananas increased by 30.4% from 2015 to 2019. In Alanya, the total land used for banana production
increased by 80% from 2004 to 2018. On the other hand, according to the same database [3], the number
of avocado trees also increased by 3437.5% from 1995 to 2020. While an increase in land area should
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correspond to increasing production numbers, production numbers fluctuated throughout the years,
though a general increase in production is still observed. This could be due to a range of reasons that led
to post-harvest losses. Virtual interviews with the farmers in the area revealed that both bananas and
avocados suffer losses due to transportation, and post-harvest damage for both bananas and avocados is
estimated to be 1-2%, which is fortunately considered low. Furthermore, due to its high popularity within
Turkey and its great reliance on exportation to Russia, losses and thus wastage were minimized as the
demand greatly outweighed the supply. In fact, local farmers are still working towards increasing
production to achieve a supply-demand equilibrium.

Even though the fruit mass loss was aimed to be minimized, the case is not always true regarding fruit
quality. Due to the high level of metabolic activity in bananas and avocados, they are highly perishable
and have a limited shelf life. Post-harvest losses of fruits are generally a result of their high susceptibility
to physical, physiological, mechanical, and hygienic conditions [4], among which pathological and
mechanical damage cause significant damage to perishables [5, 6].

1.2 Banana and Avocado Quality Classification System

According to personal reports of the farmers in Alanya, the fruits are classified into different quality
grades in Turkey. Each tier is characterized by different properties and are worth different values as seen
in Tables 1 [7].

The lowest tiers are deemed low quality and thus mainly sold locally at 25-50% lower prices than those
qualified as 1% quality, as seen in Table 1 [7]. The majority of fruits produced are still classified as 1%
quality products. However, the problem of quality degradation and its consequential impact on income
will amplify as production increases unless the issue is not rectified. It is crucial that the quality of fruits
is maintained, and emphasis should be placed on producing value-added products to minimize losses,
both in terms of absolute production quantities and subsequent remuneration for the farmers. Thus,
preserving perishable fruits like bananas and avocados into value-added products is important.

Table 1. Turkish classifications for bananas and avocados.

Banana classification in Turkey

Tier Proportion of total produce  Characteristics
1t Quality 95-98%
2nd Quality 5-2% - Selling price is 50% of the 1st quality bananas

- Only for local consumption

Avocado classification in Turkey

Tier Proportion of total produce  Characteristics

1t Quality 98-99% - 250g in weight.

- Mainly exported to European countries and Russia.

2nd Quiality - Minimum weight: 160g.
- Usually, 200g in weight.

- Mainly purchased by local farmers’ market within
the country.

- Price difference from 1 quality not significant.

37 Quality 1-2% - Visible bruises.

- Mainly purchased by local farmers’ market within
the country.
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- Selling price is 25% less of the 1st quality
avocados.

According to the Food and Agricultural Organization (FAO), the removal of water present in foods
hinders the growth and multiplication of bacteria, thus achieving extended shelf-life. With this, a
proposed preservation solution is the total drying of the fruits into fruit powders to extend the shelf-life,
enhance storage stability, and reduce packaging requirements and transportation weight [8]. While
drying fruits into powdered form could be a solution to producing value-added avocado and banana
products with various advantages, it is mandatory to consider the impact of these processing techniques
on the quality of the fruit powders produced. Ultimately, physical properties such as the appearance of
the product greatly influences consumer acceptability and, thus, the success of a food product.

With this, the aim of the study can be listed as follows;

1) Explore the potential of adopting drying techniques as a method for producing value-added avocado
and banana powders with extended shelf life and improved stability,

2) Evaluate the impact of convective, vacuum, freeze, and spray drying on the physicochemical
properties and physical appearance (color) of the avocado and banana powders.

2. METHODOLOGY

A systematic review was conducted between October 2020 and May 2021. This review closely follows
the PRISMA statement protocol (Figure 1) to guarantee the quality of the review and to reduce the
likelihood of bias. The main databases used include Web of Science and Science Direct. The web search
engine ‘Google Scholar’ was also extensively used. Once the scope of the review is defined, the key
search terms to be used are determined, as shown in Table 2.

Articles identified through Ad{gles idemiﬁed@:hrmllgh
database searching other Sg\:}rlfl:(fl:f() oogle

(n=879) h=14)

Articles after duplicate removal ‘

) (]

(n=785)

|

Articles screened Articles excluded
(n=785) (n=709)

|

Full text articles
assessed for eligibility
(n=76)

Studies included in
qualitative synthesis
(n=30)

Screening

Full text articles excluded
based on pre-established
criteria
(n=46)

[ Included ] [ Eligibity ] [

Figure 1. PRISMA flow diagram of the screening and selection process for the effects of various
drying methods on the physicochemical properties and color of avocado and banana powder.

Multiple inclusion and exclusion criteria were defined to determine the suitability of extracting
information from a specific source. The inclusion or exclusion of articles was based on the following
criteria, as seen in Table 3. Studies that were published in the English language and evaluated the effects
of different drying techniques on the physicochemical properties of bananas and avocados were included
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in the systematic review. On the other hand, articles that were published in a foreign language and
evaluated fruits other than avocados and bananas were eliminated.

Table 2. Search terms used within the database and search engines

Search term

1 “Dry* technique* OR Dry* method* OR Dehydration”

2 “Physicochemical propert* OR Physicochemical characteristic* OR
Physicochemical parameter*”

3 “Spray dr* OR Freeze dr* OR Convective dr* OR Vacuum dr*”

4 “Banana powder*”

5 “Avocado powder*”

The initial identification of articles through databases and google scholar generated 893 publications,
though 108 duplicates were identified and thus excluded. After removing the duplicates, the remaining
articles were screened based on their title and abstract against the pre-established inclusion and exclusion
criteria. Among the studies, 709 articles were excluded as they did not address the review questions or
were published in a foreign language. As a result, the remaining 76 full-text articles were assessed for
their relevance and eligibility. Following the second screening stage, 11 of the full-text articles were not
translated into English, 14 were not accessible, and the remaining 21 articles were not specific to bananas
and avocados. Hence, 30 studies were eligible for use in this systematic review for qualitative and
guantitative assessment.

Table 3. Inclusion and exclusion criteria.

Inclusion 1. Evaluate the effects of drying on at least one of the following physicochemical properties of
criteria banana and avocado powder: moisture content and water activity.

2. Evaluate the effects of drying on the physical appearance (color) of the banana and avocado
powder: L*, a*, b* value**.

3. Evaluate the efficiency of the different drying techniques: Powder yield.

4. Published in the English language.

Exclusion 1. Evaluate the effect of drying on the physicochemical properties and physical appearance of fruits
criteria other than bananas or avocados.

2. Evaluate the effect of drying on the physicochemical properties other than those stated in the
inclusion criteria.

3. Published in a foreign language with no available translated version.
4. Unpublished articles.
5. Atrticles published before 1995.

** The color parameters stands for; L* lightness (100) to darkness (0), a* redness (+) to greenness (-), and b*
yellowness (+) to blueness (-).

3. RESULTS AND DISCUSSION

This systematic review presents the feasibility of traditional and modern drying techniques to produce
fruit powders as a strategy that combats the problem of high perishability. Fruit powders are
characterized by high stability and low susceptibility to chemical and microbial damage, thus prolonging
the shelf life and achieving value-added products. The physicochemical properties of the fruit powders
produced are determined to evaluate the suitability of each drying method. However, high heterogeneity
in the studies analyzing the properties of fruit powders produced by different drying techniques was
observed. This is due to different independent and dependent variables in each study. Due to the lack of
consistency among the studies analyzed, a systematic review was conducted rather than a meta-analysis.
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Qualitative and quantitative data was extracted from 13 of the 30 studies where the effect of drying on
the physicochemical properties of the dried banana and avocado is evaluated. The remaining studies
provided qualitative information. From Tables 4-7, all 13 studies were published between 1995-2021.
The majority of studies aimed to establish the possibility and potential of adopting drying techniques
in producing avocado and banana powders. Dantas et al. (2018), Marulanda et al. (2018), Karthik
Nayaka et al. (2020), Kog and Yiiksel (2020), Mujaffar and Dipnarine (2020) and Karthik Nayaka et al.
(2020), evaluated the effects of drying on the physio-chemical properties of avocado powder while;
Hawkins (1999), Chen et al. (2010), Fegus et al. (2015), Naknaen et al. (2016), Saranya and Sudheer
(2018), Wong et al. (2018), and Nayaka et al. (2020) evaluated the effects of drying on the
physicochemical properties of banana powders. However, Jiang et al. (2010) and Karam et al. (2016)
researched banana chips and cubes, respectively. Quantitative data from these studies include the effect
of oven, convective, vacuum, spray and freeze drying on the powder yield, moisture content, water
activity, and the color of avocado and banana powder as measured by L*, a*, and b* values. The majority
of studies investigated the effects of a singular drying technique on the properties of the fruit powder
produced. However, Jiang et al. (2010), Karam et al. (2016), and Kog and Yiiksel (2020) involved the
combination of freeze and microwave drying [8, 11, 20].
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Table 4. Review of the effects of different drying methods on the powder yield, moisture content and water activity of avocado powder

Product Cultivar Ripeness Drying Pre-treatment Temperature Independent Powder Moisture Water Reference
method (°C) variable yield content activity
(%) (%) (aw)
Avocado Persea americana  Harvested at OD - 60 - 0.36 +0.01 0.64 [12]
powder Mill. var. Pollock unripe stage
Avocado - Mature CFM Foaming agent: liquid egg white 60 - 12.09 £ 1.94 - [11]
powder 70 - 773+0.68 -
80 - 6.54 £0.05 -
Fresh - 69.33+0.32 -
Avocado Persea americana  Harvested at FD - Pre-frozen: -18 - 0.02 037+0.01 [12]
powder Mill. var. Pollock unripe stage Condenser: 44
Heating: 24
Avocado - Mature MFM Foaming agent: liquid egg white - 120w - 6.10+0.84 - [11]
powder
- 460W - 3.60+0.45 -
- 700W - 3.66+0.14 -
Avocado Persea americana - SD Pre-treated with citric acid and 150 6.04 3.76 0.25 [13]
powder Mill. var. Pollock 10% MD 160 9.79 2.49 0.20
170 6.10 2.35 0.18
180 7.33 1.85 0.17
Mean 7.39 2.61 0.20
Fresh - 73.56 0.69
Avocado Hass - sSD Feed composition: avocado, 160 57.20 1.60 +£0.20 0.26 [10]
powder water, lemon, 6.96% (w/w) MD
Avocado Persea americana - SD Homogenized with milk, sugar, INT: 80 44.80 5.90 0.38 [9]
powder Mill. var. Pollock 23% (w/w) MD OUT: 55+ 1
Avocado Persea Americana.  Firm, ripe SD Pre-treated with citric acid, MD 160 5% (w/w) MD 6.53 2.64 0.23 [13]
powder Mill 10% (w/w) MD 12.35 2.14 0.20
15% (w/w) MD 16.89 2.28 0.20
20% (w/w) MD 19.33 1.80 0.16
Mean 13.77 2.21 0.20

*All values are measured to 2 decimal places.
(OD: Oven drying; CFM: Convective foam-mat drying; FD: Freeze drying; MFM: Microwave foam-mat; SD: Spray drying; INT: Inlet temperature; OUT: Outlet temperature; MD: Maltodextrin;
- : not available or evaluated)
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Table 5. Review of the effects of different drying methods on the color of avocado powder in terms of L*, a*, b* values.

Product Cultivar Ripeness Drying Pre-treatment Processing Independent Color Reference
method Temperature Variable
(°C)
L* a* b*
Avocado Persea Harvested at OD - 60 30.97 +0.31 2.79+0.10 13.17+0.18 [12]
powder americana unripe stage
Mill. var.
Pollock
Avocado Persea Harvested at FD - Condenser: -44 82.96 +0.59 -14.32£0.02 60.38+0.29 [12]
powder americana unripe stage Heating: 24
Mill. var.
Pollock
Avocado Persea - SD Pre-treated with citric acid, 150 66.36 0.26 19.73 [13]
powder americana MD 160 68.27 0.65 27.44
Mill. var.
Pollock 170 68.93 2.36 28.53
180 72.17 3.44 31.84
Mean 68.93 1.68 26.88
Fresh 49.21 -3.40 34.93
Avocado Persea Firm, ripe SD Pre-treated with citric acid, 160 5% (w/w) MD 60.16 £ 0.34 -1.14 £0.06 30.22 £ 0.25 [28]
powder Americana. MD
Mill 10% (w/w) MD  64.85 +0.34 0.49 £ 0.06 27.53+0.25
15% (w/w) MD  69.05 +0.34 1.29 +£0.06 2451+0.25
20% (w/w) MD  71.87 +0.34 3.22+0.06 23.29+£0.25
Mean 66.47 +0.34 1.53+0.06 26.39£0.25
Avocado Hass - SD Pre-treated with lemon juice, 160 74.80 +0.20 -5.00+0.10 27.60 £0.30 [10]
powder 6.96% (w/w) MD
Avocado Persea - SD Homogenized with milk, sugar, 80 44.80 5.90 0.38 [9]
powder americana 23% (w/w) MD
Mill.

*All values are measured to 2 decimal places.
(OD: Oven drying;; FD: Freeze drying; SD: Spray drying; INT: Inlet temperature; OUT: Outlet temperature; MD: Maltodextrin; - : not available or evaluated)
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Table 6. Review of the effects of different drying methods on the powder yield, moisture content and water activity of banana powder.

Product Cultivar Ripeness Drying Pre-treatment Temperature Independent Powder  Moisture Water Reference
method (°C) variable yield content activity
(%) (%)

Banana - - CD - 63 - 9.31 0.21 [14]
powder
Banana Pisang Awak, M. Maturity stage: 5 CD Pre-treated with 0.5%w/w 60 - 424+£024 - [17]
powder sapientum Linn citric acid
Foamed Pisang Awak, M. Maturity stage: 5 CD Pre-treated with 0.5%w/w 60 - 4.67+0.27 - [17]
banana sapientum Linn citric acid, MD
powder

Foaming agent: whey

protein concentrate
Foamed Pisang Awak, M. Maturity stage: 5 VD Pre-treated with 0.5%w/w 60 - 432+0.30 - [17]
banana sapientum Linn citric acid, MD
powder

Foaming agent: whey

protein concentrate
Foamed Pisang Awak, M. Maturity stage: 5 FD Pre-treated with 0.5%w/w  Pre-frozen: - - 439+026 - [17]
banana sapientum Linn citric acid, addition of 20
powder MD,  pureed, stored

refrigerated

Foaming agent: whey

protein concentrate

incorporated into ~200g of

banana puree
Banana - - FD Banana  mixed  with - - 1.05 0.12 [16]
powder banana puree and

concentrate (°Brix: 70) in

ratio 4:1
Banana Musa acuminata Harvested at FD - Pre-frozen: - - 8.20 - [40]
cube Colla, cv. AAA commercial stage 65

Cavendish Min: -40
Max: 55
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Banana Musa acuminata Harvested at  MFD - Pre-frozen: - - 6.60 - [40]
cube Colla, cv. AAA commercial stage 65
Cavendish
Min: -40
Max: 55
Banana - - SD MD and AG 160 2621 + 622+0.09 - [15]
powder 0.52
170 43.17 £ 4.01+0.09
1.78
180 4044 + 3.83+0.07
1.34
190 2838 + 3.03+0.04
1.07
200 1492 + 3.01£0.07
2.20
Banana Cv. - SD 0.3% citric acid solution, 185 78.73 - 0.38 [18]
pseudo- Palayankodan blanched at 100°C for 1
stem min, fortified with milk.
powder 190 79.25 - -
Raw material =54 4705 - 0.22

composition: 30% horse
gram extract, 50% milk,
20% pseudostem juice

Banana - - SD Raw material  130-160 - 2.03 0.22 [16]
powder composition:

32.3% banana, 22.5%

MD, 45.2% water

Banana - Brown spots; SD Raw material 190 12.60 9.31 0.21 [14]
powder considered as overripe composition: 80g banana, . n

and unacceptable to 125ml water, 20g Fresh 74.30

consumers maltodextrin
Banana Musa acuminata - SD 30% maltodextrin 140 4430 + 1.98+0.08 030 =+ [19]
powder Colla 1.32 0.02

150 5149 + 1.30 + 031 =+
0.55 0.03 0.01

60



ALKU Fen Bilimleri Dergisi 2023, Say1 5(2): 52-71 Utilizing drying techniques to enhance the quality of avocados and bananas for producing value-
added fruit powders in Alanya, Turkey's plantations: A systematic review

160 4899 + 1.18+0.01 0.28 +
0.33 0.01
170 48.73 + 1.13+0.02 026 =+
0.63 0.02
180 4886 + 1.01+0.02 026 =+
1.02 0.01
Banana Musa  acuminata - SD MD: 10-15% 160 10% (w/w) 20.06 + 044+0.02 032 =+ [19]
powder Colla MD 0.80 0.01
20%  (wiw) 3567 + 036+0.02 029 =+
MD 0.46 0.01

30% (wiw) 5150 + 0.29+0.01 025 =+
MD 0.68 0.01

40%  (wiw) 4368 + 023+002 022 =+
MD 1.02 0.01

50% (wiw) 3788 + 0.18+0.02 021 =+
MD 0.90 0.00

*All values are measured to 2 decimal places.

(CD: Convective drying; VD: Vacuum drying; FD: Freeze drying; MFD: Microwave freeze drying; SD: Spray drying; INT: Inlet temperature; OUT: Outlet temperature; MD: Maltodextrin;
AG:Arabic gum; - : not available or evaluated)

Table 7 Review of the effects of different drying methods on the colour of banana powder in terms of L*, a*, b* values.
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Table 7. Review of the effects of different drying methods on the colour of banana powder in terms of L*, a*, b* values.

Product Cultivar Ripeness Drying  Pre-treatment Temperature Independent Color Reference
method (°C) variable
L* a* b*
Banana Pisang Awak, M. Maturity CD 0.5%wi/w citric acid 60 Lower L* than Higher a* than Lower  b* [17]
powder sapientum Linn. stage: 5 foamed banana formed banana than foamed
powder powder banana
powder
Banana Pisang Awak, M. Maturity FCD 0.5%wi/w citric acid, 60 Foaming Foaming reduced  Foaming [17]
powder sapientum Linn stage: 5 MD increased L* a* increased b*
Banana Pisang Awak, M. Maturity FVD 60 [17]
powder sapientum Linn stage: 5 Foaming agent: whey Freeze drying > Convective
Banana Pisang Awak, M. Maturity FFD protein concentrate vacuum .drying > dry!ng> vacuum [17]
powder sapientum Linn stage: 5 incorporated into ~200g Convective drying > freeze
of banana puree drying drying
Banana - - FD Banana mixed with - 73.20 3.50 28.30 [16]
powder banana  puree  and
concentrate (°Brix: 70)
in ratio 4:1
Banana Musa acuminata Harvested at FD - Pre-frozen: - 67.09 £0.48 1.09 £0.08 2243022  [40]
cube Colla, cv. AAA commercial 65
Cavendish stage Min: -40
Max: 55
Banana Musa AAA  Harvested at FD Pre-frozen: - 74.53 +£0.33 -1.04£0.17 18.66 £0.20  [20]
chip Cavendish commercial - 30
stage Min: -40
Max: 55
Banana Musa acuminata Harvested at MFD - Pre-frozen: - 55.70 £0.15 -0.58 £0.01 1242 +1.67 [40]
cube Colla, cv. AAA commercial 65
Cavendish stage Min: -40
Max: 55
Banana Musa AAA  Harvested at MFD - Pre-frozen: - 6738 £1.11 -0.47 +0.09 1434+045  [20]
chip Cavendish commercial 30
stage Min: -40
Max: 55
Banana - - SD Pre-treated withMDand 160 98.79 £0.26 -1.17+0.03 2.24 +£0.04 [15]
powder AG
170 98.85+0.16 -1.21£0.03 237+0.03
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180 97.81 £0.04 -1.19+£0.02 2.13+£0.04
190 96.78 +£0.13 -1.13+0.01 2.16 £0.02
200 95.35+£0.09 -1.01 £0.02 1.87 £0.03
Banana Ccv. - SD 0.3% citric acid 185 90.03 4.94 15.19 [18]
pseudo- Palayankodan solution, blanched at
stem 100°C  for 1 min; 190 88.00 5.50 18.82
fortified with milk.
powder 200 81.49 8.15 18.82
Raw material
composition: 30% horse
gram extract, 50% milk,
20% pseudostem juice
Banana - - SD Mix banana puree and 130-160 88.80 0.40 12.20 [16]
powder banana concentrate
(°Brix: 70) in ratio 4:1
Raw material
composition:
32.3% banana, 22.5%
MD, 45.2% water
Banana Musa acuminata - SD 30% wiw MD 140 91.33+£0.22 0.61 +0.03 11.05+023  [19]
Colla
powder 150 90.60 +0.31 0.55+0.02 10.10 = 0.07
160 89.89 £0.21 0.29 +£0.02 9.37+£0.08
170 82.52+0.16 0.14 +0.02 8.63+0.12
180 82.47 +0.20 0.07 £0.03 8.38+0.26
Banana Musa acuminata - SD MD: 10-15% 160 10% (w/w) MD  91.89 +0.24 0.49 +£0.01 7.92 + 0.02 [19]
powder Colla
20% (w/w) MD  91.70 £0.14 0.43 £0.02 7.88 £0.02
30% (w/w) MD  91.73 £0.05 0.39+£0.01 7.53 +£0.04
40% (w/w) MD  91.82 +£0.22 0.33+£0.01 7.24 +£0.01
50% (w/w) MD  92.13 £0.29 0.20£0.02 6.47 £0.04

*All values are measured to 2 decimal places.
(CD: Convective drying; FCD: Foam-mat convective drying; FVD: Foam-mat VVacuum drying; FD: Freeze drying; FFD: Foam-mat freeze drying; MFD: Microwave freeze drying; SD: Spray
drying; INT: Inlet temperature; OUT: Outlet temperature; MD: Maltodextrin; AG: Arabic gum; - : not available or evaluated)
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Pre-treatment of the fruits was carried out in certain studies that aimed to aid the drying process, thereby
improving the quality of the fruit powders. Naknaen et al. (2016) and Kog¢ and Yiiksel (2020) utilized
foamed banana and avocados, respectively, where the foamed banana was also pre-treated with citric acid
and 10% MD before drying. Dantas et al. (2018) utilized a homogenous mixture of avocados, milk, sugar,
and 23% (w/w) MD. In studies that utilized the spray drying technique, carrier agent MD was added for its
protective effects on color and to minimize the problem of sticking. The influence of MD concentration on
the properties of the spray dried banana powder was evaluated by Wong et al. (2018), and a relationship
was established. As the inlet temperature also influences the properties of the powder produced, Wong et
al. (2018), Chen et al. (2010), and Karthik Nayaka et al. (2020) determined the relationship between inlet
temperature and the quality of the powders produced.

Hawkins (1999), Jiang et al. (2010), Naknaen et al. (2016), Kog and Yiiksel (2020), Mujaffar and Dipnarine
(2020) specified the maturity level of the fruits when being dried. The lack of information on the other
remaining studies hinders the possibility of determining a relationship between the ripeness of the fruits
and the properties of the final products.

3.1 Effect of drying on powder yield

The powder yield of spray dried bananas ranged greatly from 12.6-79.0%. The great difference in
percentage yield could be due to differences in the processing conditions and variables involved in the
studies Hawkins (1999), Chen et al. (2010), Saranya and Sudheer (2018), Wong et al. (2018). A positive
relationship between inlet temperature and powder yield is observed [15, 19], attributed to the greater rates
and, thus, efficiency of heat and mass transfer process [21]. However, product yield decreased as the inlet
temperature increased beyond 160°C due to stickiness problems and temperatures used beyond their glass
transition temperatures [22]. Adding MD could solve the problem of sticking through product recovery,
ultimately increasing the product yield. Wong et al. (2018) observed a positive relationship between MD
concentration and powder yield, with 30% w/w MD achieving the greatest yield of 51.50%. This is
considered efficient as defined [23]. However, a significant decrease in powder yield was observed when
MD concentration increased further to 40 and 50% wi/w. This is caused by the increase in the viscosity of
the mixture [19].

Similar trends were also found in the spray drying of avocados, where the powder yield increased with
increasing inlet temperature from 150-160°C but experienced a decrease at higher temperatures [13].
Similar to the spray drying of bananas, the primary cause of this loss in yield is the stickiness and melting
of the powders in the drying due to their glass transition temperatures. In this study, a low powder yield
was obtained ranging from 6.04-9.79%. On the other hand, Marulanda et al. (2018) found that the spray
drying of avocado achieved a powder yield of >50%, thus efficient [23]. This difference in powder yield
could be attributed to the inconsistencies in pre-treatment and processing conditions, limited quantitative
information on the effects of the convective, vacuum and freeze drying on the powder yield of both bananas
and avocados.

3.2 Effect of drying on moisture content

As seen in Tables 4 and 6, the moisture content of avocados and bananas was significantly lower in their
powdered form than in their fresh counterparts [11, 13, 14]. Low-moisture dry foods have a longer shelf
life and are more stable oxidatively due to the reduced microbial growth and chemical deterioration [24].
A moisture content of less than 10% [25] is ideal for preventing microbial growth, and this level of moisture
content was successfully achieved in studies conducted by Hawkins (1999), Chen et al. (2010), Jiang et al.
(2013), Fegus et al. (2014), Naknaen et al. (2015), Wong et al. (2018), Dantas et al. (2018), Marulanda et
al. (2018), Mujaffar and Dipnarine (2020) and Karthik Nayaka et al. (2020). Food powders with a moisture
content below 3% are characterized by suitable flowing properties, as stated by Jayasundera et al. (2009).
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In the spray drying of bananas ([15], [19]) and avocados ([13], [28]) into powdered form (Table 5 and 7),
increasing the inlet temperature led to lower final moisture content. This is attributed to the higher heat
transfer rate that drives the evaporation process, thus reducing the moisture content [19]. Despite Chen et
al. (2010) and Wong et al. (2018) observing similar trends in the spray drying of bananas, the absolute
moisture content value at specific temperatures differs. Chen et al. (2010) measured the moisture content
to be 6.22% at 160°C inlet temperature, while Wong et al. (2018) obtained a value of 1.18%. This difference
could be due to various reasons, such as the differences in processing conditions, the cultivar and the
maturity of the bananas used, which affects the initial moisture content. Kulkarni et al. (2011) found that
the banana pulp moisture content increases with increased ripeness. The addition of MD as a carrier agent
further reduced the moisture content of the spray dried banana powder [19]. This is attributed to the increase
in feed solids and, thus, the reduction of moisture available for drying.

In the case of avocados, even though Karthik Nayaka et al. (2020) and Marulanda et al. (2018) utilized an
inlet temperature of 160°C, there is a slight difference in the final moisture content of the avocado powder,
as seen in Table 5. This could be due to the difference in MD concentration Karthik Nayaka et al.
(2020a)used where Karthik Nayaka et al. (2020) and Marulanda et al. (2018) maintained a MD
concentration of 10% and 6.96%, respectively.

Jiang et al. (2010) found that microwave assisted freeze drying further reduced the moisture content
compared to unassisted freeze-drying. This is expected as the microwave allows for a more even and deeper
heating of the food, while conventional freeze drying only dries the outermost layer, making the drying
process slow and gradual [29]. The effect of microwave assisted drying was also observed in Kog¢ and
Yiiksel’s (2020) study comparing convective and microwave assisted foam-mat drying of avocados. Results
showed a lower moisture content in microwave-dried than convective dried foamed avocado powder. A
further decrease in moisture content was achieved when microwave power was increased from 120W to
700W [11].

One advantage of achieving a lower moisture content is increased in rehydration capacity, which is a
desirable property of fruit powders [13]. However, a lower moisture content also makes the powder more
hygroscopic, thus enhancing its ability to absorb water from an environment of greater humidity [30].

3.3 Effect of drying on water activity

As seen in Tables 4 and 6, drying reduced the a. of fresh avocados and bananas. Foods with high aw values
are more susceptible to microorganism attacks as they provides water source for the microbes to feed on
and grow [31]. Hawkins (1999), Fegu$ et al. (2015), Saranya and Sudheer (2018), and Wong (2017)
evaluated the impact of spray drying on the aw of the banana powder produced. These studies found that
the aw of the powder achieved from drying is less than 0.6, making it safe from the growth of
microorganisms [31].

Martins et al. (2019) found that the ideal aw for food powders is 0.198 and the literature aw values of other
food powders such as coffee, malted milk and chocolate powders ranged from 0.10 to 0.30 [33]. Fegus et
al. (2015) evaluated the effects of freeze drying on the a, of banana powder, while Hawkins (1999)
evaluated the effect of convective drying on aw. The aw values were measured to be 0.12 and 0.21,
respectively, as seen in Table 6. This shows that the freeze and convective drying banana successfully
produces powder of acceptable aw. Spray dried banana powder generally exhibited aw values of less than
0.3 [14, 16, 18, 19]. An inverse relation between inlet temperature and a. was observed where the aw
decreased with increasing inlet temperatures. However, a. the spray dried banana powder at lower inlet
temperatures was greater than 0.3 [18, 19]. Increasing the inlet temperatures leads to higher heat transfer
rates and a greater driving force for evaporation, reducing the moisture content [18]. This, along with a high
sugar concentration, reduces the amount of water available for microbial growth and thus the a\ decreases.
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Hence, an association of moisture content and sugar concentration was suggested with ay of the powder
[18].

Mujaffar and Dipnarine (2020), Karthik Nayaka et al. (2020), Marulanda et al. (2018), Dantas et al. (2018)
evaluated the effect of oven, freeze and spray drying on the aw of avocado powder, respectively. However,
only spray dried avocado exhibited aw <0.3, while the oven and freeze-dried avocado powder exhibited aw
of 0.64 and 0.36 respectively. Although the oven and freeze dried powders are still safe for consumption,
these drying methods are not ideal as too high of an ay could affect other properties such as the texture and
thus the quality of the fruit [34]. However, as the results were obtained just based on one experiment, it is
not representative of the suitability of these methods. Further research and experimentation should be
implemented to allow for the cross reference between studies.

3.4 Effect of drying on color

Color is one of the most significant quality criteria for dried food products. Thermal processing of heat
sensitive foods like fruits can alter their color due to its high water and carbohydrate content as well as the
degradation of carotenoids [35]. High temperature heat processes can greatly degrade the final quality. The
presence of carotenoids in bananas and avocados gives their natural creamy yellow and pale green color,
respectively.

L* value represents the lightness, with L*=0 yielding black and L*=1 yielding white [36]. As seen in Table
7, spray dried banana powder generally has a higher L* value than freeze dried bananas. Studies conducted
by Chen et al. (2010), Saranya and Sudheer (2017), Wong et al. (2018) evaluating spray dried bananas
obtained L* values ranging from 80-100. The high L* value of more than 80.0 indicates that all powders
produced had a light shade, possibly contributed by the presence of the MD powder which is white [19].
On the other hand, studies conducted by Jiang et al. (2010), Fegus et al. (2015) evaluating the effects of
freeze drying on L* obtained values ranging from 55-75. Naknaen et al. (2016) also found that vacuum and
convective drying produce banana powder with even lower L* values. Results showed that spray drying
produced the lightest banana powder, followed by freeze drying, vacuum drying and convective drying.
This could be due to the long drying periods required in convective drying to achieve the same results, thus
causing greater thermal degradation to the product [17]. On the other hand, the spray drying of powders
involves a one-step process of converting feed into powder, thus minimizing the production process [37,
38].

As seen in Table 7, the spray drying of bananas observed an inverse relationship between the inlet
temperature and L* value, where higher inlet temperatures produced lower L* values [13]. This means
that powders produced at higher temperatures are darker in color. This could be attributed to the highly
concentrated powders obtained at high temperatures due tolower moisture content [39]. Another reason
would be the caramelization sugars present which producebrown pigments [13].

Based on Jiang et al. 2010, and Jiang et al. (2013) microwave-assisted freeze drying produced darker
colored banana powder thanthe freeze-dried sample (Table 7). This is attributed to the caramelization
caused by the additional microwave power and the high microwave loss factors of starch present in bananas
[41]. As the starch content reduces with ripening, microwave freeze drying of the bananas at a greater
ripeness level could reduce the caramelization caused by the microwave powder.

In the case of avocados, spray and freeze-dried avocados did not observe any significant difference in L*
value. However, Karthik Nayaka et al. (2020b) observed an increase in L* value with increasing spray
drying inlet temperature, suggesting a depletion of the original dark green color to a lighter green color
(Table 5). Oven dried avocado powder achieved a L* value of 30.97 as seen in Table 5 [12], which is lower
than that of spray and freeze-dried avocado powders with a L* value L*>66.00. As with banana powder,
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this is attributed to the extended drying process due to relatively low temperatures in oven drying, thus
causing greater thermal degradation.

Pre-treatment processes such as foaming involve the whipping of the liquid feed into foam and then the
stabilization by the addition of a foaming agent. This increases the surface area and reduces the drying times
[24]. Foaming is thus ideal for heat sensitive, viscous and sticky products like fruits. The foaming of the
banana prior to drying achieved a higher L* value [17], attributed to the shorter drying times and thus
minimized thermal degradation. An enhanced moisture removal rate is achieved since the water present in
the formed banana pulp has a thin-film structure, aiding the vaporization process [24]. Furthermore, the
high surface areas of the films quickened the drying process and thus minimizing the Maillard reactions
and degradation of the carotenoids present. Naknaen et al. (2016) also found that foaming achieved lower
a* and higher b* as seen in Table 7.

a* value represents the position of the color on the red-green axis, with negative a* indicating greenness
and positive a* indicating redness [36]. As seen in Table 7, the majority of studies recorded a positive a*
value for the spray dried bananas compared to the other drying methods [15,16,18,19]. A positive a*
indicates a slight reddish color, possibly due to Maillard reactions and thus the production of brown
pigments. Chen et al. (2010) and Wong et al. (2018) observed that a* value of banana powder decreased
with increasing inlet temperature from 140°C to 170°C. This is attributed to the faster drying rates associated
with higher inlet temperatures and thus shorter exposure to heat, minimizing the formation of brown
pigments because of thermal degradation. However, an increase in a* was observed when the inlet
temperature is increased beyond 180°C. The caramelization process of sugars such as sucrose that begins
at 160°C, accounted for higher a* values when inlet temperature increased beyond 180°C [42].

Fegus et al. (2015), compared the spray to freeze drying of banana powder and found that the freeze-dried
banana powder exhibited a higher a* value (Table 7). This suggests a greater intensity of redness in freeze
dried powders. Since freeze drying and microwave-assisted freeze drying is carried out in a low oxygen
and temperature environment, the browning of the powder is due to non-enzymatic browning such as
Maillard reaction, caramelization and chemical oxidation of phenolic compounds [20]. The addition of MD
into the spray dried powder also had protective effects against color deterioration, thus preserving the
yellowness of the banana powder [19].

In the case of avocados, Karthik Nayaka et al. (2020b) found that the a* values of the spray dried avocados
were slightly positive. The a* value increased with increasing inlet temperature, suggesting the presence of
Maillard reaction occurring and thus the degree of greenness is retained at lower inlet temperatures.
However, this contradicts the results obtained by Marulanda et al. (2018) and Dantas et al. (2018). where
the a* value is negative and thus indicates a greenness in color. This could be due to the low inlet
temperature of 80°C or the presence of milk in Dantas’s study.

Freeze dried avocados had a negative a*[12], indicating retention of the green color of avocados. This is
ideal regarding the physical attractiveness of the powders perceived by the consumers. Compared to spray
drying, which utilizes high temperatures, freeze drying does not involve the use of b* value represents the
position of the color on the yellow-blue axis, with negative b* indicating blueness and positive b* indicating
yellowness [36]. As seen in Table 7, all b* values of the banana powders obtained by different drying
methods were positive, which indicates a yellowish color. There is also no significant difference in b*
values between the drying methods. In the spray drying of bananas, the b* value generally decreased with
increasing inlet temperatures [15,19]. This means powder loses its original yellowish color when dried at
higher temperatures.

Freeze drying produced powders with positive b* values. Jiang et al. (2010) and Jiang et al. (2013)
compared freeze drying to microwave freeze drying on banana chips and cubes, respectively. Both studies
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observed a decrease in b* values as seen in Table 5. It can be deduced that the addition of microwave
heating caused the banana powder to lose its yellow color. Although the final product from the studies was
not in powdered form, it is likely expected that (microwave) freeze dried banana powder would exhibit the
same properties.

When comparing freeze, spray and oven dried avocado powders, the freeze-dried powder exhibited the
greatest b* value (Table 5), suggesting an intense yellow color obtained. The low b* values of oven and
spray dried powders could be due to the high drying temperatures. Karthik Nayaka et al. (2020a, b)
evaluated the effect of inlet temperature and MD concentration on the b* value of spray dried avocado
powder, respectively. As seen in Table 6, the b* increases with increasing inlet temperature. This indicates
an increase in yellowness caused by the bleaching effects on the greenness in the powders [13].
Additionally, an inverse relationship was observed between MD concentration and b* value, suggesting
that the addition of high levels of MD was responsible for the discoloration of its natural color [28].

4. CONCLUSION

Drying avocados and bananas has great potential in improving the quality of fruits produced in Alanya to
minimize losses and maximize returns for the local farmers. It has been proven that the various drying
techniques such as convective, vacuum, spray and freeze drying of fresh fruits into dried powdered form
achieved acceptable moisture content and water activity levels. This significant reduction in moisture
content to <10% and aw to approximately 0.2 ensures food safety and extended shelf life. However, these
drying techniques have some downsides, especially when high temperatures are involved. Problems such
as Maillard reactions, the caramelization of sugars and stickiness of powders could be detrimental to the
acceptability of the final product. They could pose difficulty in processing these fruits.

When comparing the different drying techniques, it is evident that modern drying techniques, such as freeze
and spray drying can produce higher quality powders due to their high drying efficiency. Traditional drying
methods such as convective drying can lead to greater thermal degradation due to the extended drying
process because of low heat transfer and drying rates. Extended exposure to heat can cause greater color
changes to the product.

Therefore, as the great potential of drying fresh avocados and bananas into value added products with
extended shelf life and low perishability is being explored, it is important to consider other physicochemical
properties and the physical appearance (color) of the final product. The final appearance of the powder is
important as it is a great contributing factor influencing one’s decision when purchasing a product. Other
properties to be considered include the bulk density, wettability and hygroscopicity etc. of the final powder.
Hence, further collation of reviews and studies on these properties should be conducted to achieve a greater
overview of the quality of the powders obtained from these drying techniques.
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Ozet

Geleneksel denim Uretiminde, surdurilebilirlik kavrami kapsaminda bir¢ok ¢alisma yapilmis ve dretim
prosesleri ve ham malzemelerde o6nemli gelismeler yasanmistir. Sirdurllebilir kalkinma hedefleri
dogrultusunda farkli programlarin desteginde sektdrde hizli bir degisim ve gelisim yasanmaktadir. Cesitli
sertifikalandirma ve denetleme siregleri ile sirdarilebilirligin seffafligi saglanmaya calisiimaktadir. Bu
derleme calismasinda, sektérde kullanilan alternatif sirdirilebilir elyaf tirleri, boyama ve terbiyedeki son
gelismeler ve geri donlisim konulari incelenmigtir. Donglsel ekonomi temellerinde, gelisen teknolojiyle
birlikte denim sektériindeki karbon ayak izinden ve metaverse evreniyle olan iliskisinden de bahsedilmistir.
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Current Status Analysis on Sustainable Studies in the Denim Industry

Abstract

Numerous research has been conducted on traditional denim production within the context of sustainability,
and major advancements in manufacturing techniques and raw materials have been made. With the
assistance of many programs, the sector is changing and developing quickly in accordance with the
objectives of sustainable development. Through various certification and inspection procedures, it is hoped
to ensure the transparency of sustainability. This analysis looked at recycling difficulties, new
advancements in dyeing and finishing, and alternative sustainable fiber types utilized in the industry. The
circular economy's underlying principles also discuss the denim industry's carbon footprint and its
connection to the metaverse universe together with emerging technology.
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1. GIRIS

Moda sektorii, son yillarda énemli degisikliklere ugramig ve hizli tikketim nedeniyle ¢evre sorunlarinin
onemli bir sebebi haline gelmistir. Bu sektor, stirdiiriilebilirlik kavramiyla gevre dostu bir kimlik kazanmaya
calismaktadir. Tekstil sektorii, diinyada en fazla gevreyi kirleten sektorler arasinda bulundugundan,
stirdiirtilebilir degisimlere gegilmesi olduk¢a 6nemli hale gelmistir [1]. Denim endiistrisi, tekstil sektoriiniin
ana bilegenlerinden biridir ve bu biiyiik kirletici kiimesinin bir pargasidir. Tiirkiye’de kot kumas olarak
bilinen denim kumasin etimolojisi hakkinda farkli aragtirmalar bulunmaktadir, Fransa’nin Nimes sehrinden
veya Italya’min Cenova sehrinin Ingilizce’de ‘Jenas’ olarak terciime edilen kentinden geldigi
diisiiniilmektedir. Ingiltere’ye bilyiik miktarda ithal edilen denim kumaslarin italya’nin Cenova sehrinde
tiretildigi, pamuk/keten veya pamuk/yin karigimi olduguna dair arastirmalar bulunmaktadir. Bu
arastirmalar1 netlestiren bir tablo, bilinmeyen bir Cenevizli sanat¢inin,17.ylizyilin ortalarinda denim
kumasini resmettigi tablodur [2].

' " « R 8§ ;
- 1 =
Sekil 1. Denim kumasiyla dikis yapan kadin, Anonim Cenevizli Sanatg1 [2]

Prof. Dr. Halil Inalcik’a gore, denim kumasin asil kokeni Tiirkiye’dir, bu da genel bilginin aksine denim
kumasinin ingiltere veya ABD’nin anavatani olmadigin1 gdstermektedir. inalcik’in arastirmalarina gére 15.
ve 17. yiizyillar arasinda Denizli ve Akhisar bolgesinde yetistirilen pamuklar, sonrasinda Hindistan’dan
gelen mavi boya ile boyanmaya baslanmistir. Daha sonra Izmir’e getirilen bu mavi malzeme yani denim,
ilk olarak Fransa-Marsilya’ya ihra¢ edilmistir. Ispanyollar kumas1 buradan Amerika’daki kolonilere
gotiirmiis ve Afrikali kolelere giydirmistir. Amerika ise bunu bir sanayi haline getirerek blucin olarak
patentlenmistir. Denim endiistrisi, Levi Strauss’in 1873’te San Francisco bolgesindeki altin madencileri
icin ilk mavi kot pantolonu gelistirmesiyle biiyiik bir yol kat etmistir. Ancak giinlimiizde denim iiretimi
ciddi gevresel etkilere sahiptir. 2015 yilinda Birlesmis Milletler tarafindan belirlenen 17 Siirdiirtilebilir
kalkinma hedefinden biri olan, ‘Sorumlu tiikketim ve iiretim’ hedefi dogrultusunda sektoriin biitlin
asamalarinda gelistirme ¢aligmalar1 yapilmaktadir. Ancak Birlesmis Milletler’in 2030 yilina kadar
stirdiriilebilirlik hedeflerine uygun bir denim sektorii igin, ¢esitli diizenlemelere hiz verilmesi, iriin
taleplerinde degisiklige gidilmesi, geri dontisiimde artis saglanmasi ve denim tiretiminde tiiketicilere seffaf
bir bilgi akiginin saglanmasi gerekmektedir. Hedefler dogrultusunda sektorii temizlemek bir ekip isidir,
markalarin kendi baslarina yapabilecekleri bir sey degildir. 2019 yilinda denim endiistrisini dongiisel
ekonomiye tesvik eden Ellen MacArthur Vakfi, Jean Redesign programiyla, markalara daha diisiik ¢cevresel
etkiye, daha iyi dayanikliliga ve dongiisel tasarim ilkelerine sahip olmalar1 konusunda rehberlik etmistir.
Diinya genelinde denim fabrikalari, ireticiler, teknoloji uzmanlari ve tasarimcilar, bu hedeflere ulagmak
icin caligmalarimi hizlandirmiglardir. Ana hedef, sorumlu iiretim ve tiikketim gercevesinde gevreye ve
insanlara saygilt denim iiretim politikalar1 gelistirmektir. Benzer seklide denim tedarik zincirinin daha
gevreci olmasina yardimci olmay1 hedefleyen, Denim Deal, 2020 sonbaharinda Hollandali ve uluslararasi
markalar tarafindan Amsterdam’da imzalanmistir. House of denim ve Hollanda hiikiimetinin bir girigimi
olan bu proje, dongiisel bir ekonomiyi olusturmay1 ve eski denim giysilerini geri doniistirerek tekrar
kullanmay1 amaglamaktadir.
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Artan tiiketici endisesi ile, moda endiistrisinde kot pantolonunun daha siirdiiriilebilir hale getirilmesi
konusunda tiim denim endiistrisi harekete ge¢mistir. Markalar, siirdiiriilebilirlik hakkinda daha fazla bilgi
edinmeleriyle birlikte, alternatif elyaflar, geri donistiiriilmiis malzemeler ve su tasarrufu saglayan islemleri
iirlin koleksiyonlarina yansitmaktadirlar. Cesitli sertifika sistemleri, firmalarin bu yondeki ¢aligmalarini
denetlemekte ve seffaf bir sistemin kurulmasina yardimci olmaktadir. Bluesign, tekstil sektoriinde
stirdiiriilebilirligi basit ve uygulanabilir hale getirmek i¢in ¢alisanlara, gevreye ve herkese daha giivenli ve
stirdiirtilebilir ortamlar saglayan bir sistemdir. Kurulusun amaci, ozellikle kullanilan kimyasallara
odaklanarak, tedarikgilerin, treticilerin ve markalarin genel etkisini azaltmaya yonlendirmektir. Higg
Index, siirdiriilebilirlik, teknoloji ve tiikketim alanlarindaki deneyimi bir araya getirerek markalarin,
perakendecilerin ve lreticilerin ilerlemesini hizlandirmak i¢in biitiinlesmis bir dijital platform olusturur.
Higg'in 6l¢iim araglari, malzeme ve iriin tasarimindan tiretime ve tesislere kadar, deger zincirinin her
adimindan dogru etki verilerini toplanmaya yardimci olmaktadir [4]. Uretim siirecinde kullanilan
hammaddelerin ve malzemelerin denetlendigi sertifika sistemleri de mevcuttur. Global Organik Tekstil
Standardi (GOTS), organik tekstiller i¢in diinya ¢apinda taninan gereksinimleri belirlemek amaciyla 6nde
gelen standart belirleyiciler tarafindan gelistirilmistir. GOTS sertifikali tekstiller, hammaddelerin
hasatindan, ¢evresel ve sosyal agidan sorumlu tiretime ve etiketlemeye kadarki siiregte tiiketicilere giivence
saglamaktadir. Amag, organik tekstillerin giinliik yasamin 6nemli bir pargasi haline gelmesi, insanlarin
yasamlarini ve gevreyi iyilestirmesidir. Bu standart, organik olarak iiretilmis hammaddeler kullanilarak
tekstil ve hazir giyim imalatinda hem ekolojik kosullar hem de ¢alisma kosullar1 igin tedarik zinciri boyunca
gereklilikleri sart kosmaktadir [5]. RCS (Geri Doniistiiriilmiis Talep Standardi), geri doniistiriilmiis
hammaddelerin tedarik zinciri boyunca izlenmesi i¢in bir gézetim zinciri standardi olarak kullanilmaktadir.
Boylece, nihai triinde geri donistiiriilmiis malzemenin varligini ve miktarin1 dogrulamaktadir [6].
Roadmap to Zero programi, tiiketici taleplerini dogal kaynaklari tiiketmeden gergeklestirmeyi amaglar.
Tekstil, hazir giyim ve ayakkabi sektoriindeki markalarin ve perakendecilerin deger zinciri boyunca
siirdiiriilebilir kimyasal yonetimi uygulamalarini en iyi sekilde saglamlarini tesvik eder. Bu cesitli
sertifikalar ve programlar, denim endiistrisinde stirdiiriilebilirlik hedeflerine ulagmak i¢in kullanilan araglar
ve yontemlerdir. Bu sayede markalar ve tiiketiciler, ¢cevresel etkileri azaltmak ve daha siirdiiriilebilir bir
moda endiistrisine katkida bulunmak icin birlikte ¢calismaktadir [7].
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Sekil 2. Standartlarin logolar1 [4] [5] [6] [7]

2. DENiM URETIMINDE KULLANILAN HAM MADDE GESITLERI
2.1 Kullanilan Geleneksel Lifler
2.1.1 Pamuk ve organik pamuk

Denim tiretim siireci, pamuk ile baslar ve geleneksel pamuk iiretimi ¢evre dostu bir yaklasimdan uzaktir.
Pamuk dogal bir elyaf olmasina ragmen biiylimesi i¢in ¢ok suya ihtiya¢ duyar ve ozellikle verimsiz su
kullanimiyla bilinen bdlgelerde yetistirilir. Ornegin, Hindistan’da 1 kg pamuk iiretmek igin 20.000 litreye
kadar suya ihtiyag gerekebilir. Temiz su kaynaklar1 diinya genelinde azalirken, Hindistan’da 100 milyon
insanin igme suyuna erisiminin olmadigi bilinmektedir. Ayrica pamugun %99,3’l giibreler ve genetigi
degistirilmis tohumlar kullanilarak yetistirilmektedir [8]. Pamuk diinya genelinde kullanilan pestisitlerin
%10’unu ve insektisitlerin %25’ini temsil etmektedir. Diinyadaki pamuk ¢ift¢ilerinin %99, isgiicii, saglik
ve giivenlik diizenlemelerinin bulunmadigi veya ¢ogu zaman uygulanmadigi, gelismekte olan iilkelerde
bulunmaktadir. Bu siireg, tarladaki ¢alisanlar genellikle zararli pestisit kalintilarina ve bir dizi baska saglik
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tehlikesine maruz birakmaktadir. Daha siirdiiriilebilir pamuk iiretimi amaciyla, aynmi kalitede pamugun
cevresel etkisi olmadan organik olarak tretilmesi i¢cin caligmalar yiiriitiilmektedir [9]. Organik pamuk
GDO’lu olmayan tohumlardan ve pestisit, bocek ilact veya giibre kullanilmadan yetistirilir. Organik
pamugun, geleneksel pamuga oranla %71’e kadar daha az su kullanildig1 belirtilmektedir [10]. Ayrica
organik pamuk ciftcileri zararli maddelere maruz kalmazlar. Organik pamuk icin ¢esitli sertifikalar
olusturan kuruluslar bulunmaktadir, bunlardan bazilar1 GOTS, USDA-NOP, Organik icerik Standartlari,
IVN ve Naturland gibi kuruluslardir. Bu sertifikalar, organik pamugun belirlenen standartlara uygun sekilde
tretildigini dogrulamaktadir. Bu sekilde, organik pamuk iiretimiyle denim iiretim siireglerini daha
stirdiiriilebilir hale getirmek hedeflenmektedir.

2.2 Giincel Siirdiiriilebilir Alternatif Ham Malzemeler
2.2.1 Kenevir ve keten

Kenevir ve keten lifleri, ¢esitli tistiin 6zellikleri nedeniyle dikkat ¢cekmektedir. Kenevir lifi, ¢evresel agidan
ilgi gormektedir ¢ilinkii en hizli biiyiiyen bitkilerden biridir ve fazla su, enerji, bocek ilact veya giibreye
ihtiya¢ duymamaktadir [7]. Aym1 zamanda topraga fayda saglayarak uzun yillar ayni yerde topragi
yormadan yetistirilebilir. Bu nedenle kenevir, ¢evre dostu olarak kabul edilmektedir [11, 12]. Kenevir
lifleri, dayaniklilik, nem emme, hizli kuruma, nefes alabilirlik, biyolojik olarak pargalanabilirlik, termal ve
elektriksel performans gibi bir¢ok 6zellige sahiptir[13, 14]. Keten lifi ise gida tiretimi i¢in kullanilmayan
fakir topraklarda yetisebilir. Keten lifi, yliiksek mukavemet, dokunus ve rahatlik gibi 6zelliklere sahiptir.
Ayrica antistatik ve UV koruma Ozelliklerine de sahiptir [15, 16]. Sert ve mekanik etkilere karsi
dayaniklidir, bu nedenle dokuma kumaslar i¢in tercih edilir. Ayrica toz ¢ekmeme ve kendini kullanim
stirecinde birakmama gibi 6zellikleri, denim kumas iiretimi i¢in uygun olduklarini gostermektedir [16, 17,
18]. Kenevir ve keten liflerinin siirdiriilebilirlik kavramini dogrudan yansitmas: ve kullanici taleplerini
kargilamasi nedeniyle denim iriinlerde kullanimi artmaktadir. Ayrica bu kumaslarin tutum &zellikleri,
uygun yikama proseslerinin uygulanmasi ile gelismeye acgiktir. Bu nedenle keten ve kenevir karisimli denim
kumaslar, denim giysi tiretiminde biiyiik bir potansiyele sahiptir [19].

s Hempmade
s Hempmade
s% Hempmade

Sekil 3. Maritag Denim kenevi; icerikli denim iiriinleri [20]

2.2.2 Isirgan otu lifi

Isirgan otu lifi, pamuktan daha giiclii ve keten lifinden daha incedir. Isirgan lifi el ile dokunuldugunda
yumusak ve hos bir his verir. Bu liften yapilan kumaglar mukavemetli bir yapiya sahiptir [21, 22, 23].
Ayrica parlak, nefes alabilen ve iyi bir hidrofiliteye sahiptirler. Isirgan otu lifi, siiper nem absorplama
kabiliyeti saglayarak rahatlik sunar. Ayni1 zamanda biyolojik olarak parcalanabilen, yenilenebilir ve
stirdiiriilebilir bir lif tiiriidiir, bu nedenle ¢evre dostu tekstil iiretimine katkida bulunur ve diisiik enerji
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gerektirir [24, 25]. Uretim maliyeti, pamuk {iretimine gore daha diisiiktiir. Isirgan otu lifi; iist giysilerde,
ceketlerde, denim kumaslarda kullanim alan1 bulmaktadir [26]. 2004 yilinda, Floransa merkezli moda evi
Corpo Nove, 1sirgan iplikli kot pantolonlart Selfridges'te biiyiik bir ilgiyle tanmitmistir. Hollandali Green
Nettle Textile firmasi, ylizde 75 pamuk ve 25 1sirgan otu ipligi karisimi olan canli renkler ve geometrik
sekillerde giysiler igeren ilk koleksiyonu i¢in, 1sirgan otlari kendi tarlalarindan hasat etmis ve kiyafetleri
Avrupa'da adil is¢ilik uygulamalarina uygun fabrikalarda diktirmigtir. Siirdiriilebilir tekstil alaninda
calismalar yiiriiten Pangaia firmasi da organik pamuk ve isirgan otu lifi karisimindan trettigi denim
kumaglarini satisa sunmaktadir [27]. Bu sekilde, 1sirgan otu lifi moda endiistrisinde ¢evre dostu ve
siirdiiriilebilir bir se¢enek olarak daha fazla tercih edilmektedir.

Sekil 4. Velcorex 1sirgan igerikli denim [28]
2.2.3 Jut lifi

Jit lifi parlak ve sert gériiniimiiyle tekstil sektoriinde teknik kullanimlar i¢in tercih edilen ¢evre dostu bir
malzemedir. Hem {iretiminin kolay ve ucuz olmasi hem de ince ve mukavemetli bir yapiya sahip olmasi
nedeniyle sektorde tercih edilen liflerden biridir [29]. Ancak jiit lifi, sert ve kaba oldugu igin giyim
tekstilinde dogrudan tercih edilmemektedir. Bu nedenle iireticiler genellikle jiit liflerini pamukla
harmanlayarak iplik haline getirmeyi tercih etmektedir [30]. Banglades’te 2016 yilinda yapilan bir
aragtirmada, jiit-pamuk karisimi dokuma kumaslarin, %100 pamuk kullanilarak yapilan denim kumaslar
yerine kullanilabilecek niteliklere sahip oldugu ortaya konulmustur. Bu sayede, jiit lifinin sertligi daha
yumusak ve giyilebilir kumaglar elde etmek i¢in pamukla karigtirilarak etkili bir sekilde kullanilmaktadir.
Jiit lifi, cevre dostu ve siirdiiriilebilir bir secenek olmasi nedeniyle tekstil sektoriinde ilgi goren bir malzeme
olarak kalmaya devam etmektedir. Jiitiin dogal giizelligi ve dayanikliligi, 6zellikle canta, hali ve diger ev
tekstili iiriinlerinde de siklikla kullanilmasina olanak tanirken, jlit-pamuk karigimlari da giyim endiistrisinde
cesitli uygulamalar i¢in tercih edilmektedir.

2.2.4 Tencel lifi

Tencel lifi iceren jean pantolonlar, yenilikgi teknolojiler kullanilarak diisiik miktarda su ile stirdiirtilebilir
bir yagam tarzina uygun olarak tiretilmektedir [31]. Tencel lifleri, yenilebilir bir hammadde olan odun
kaynagindan elde edilir. Bu lifler ¢evreye duyarl bir iiretim siireci kullanilarak sertifikali biyo-bazl1 lifler
olarak iiretilir. Ayrica bu lifler giibrelenip biyolojik olarak pargalanabilir nitelikte oldugundan, dogaya geri
donebilmektedir [32]. Lenzing firmasi, Tencel Modal liflerinin boyama siirecinde inovatif bir gelisme
gerceklestirerek, iplik egirme asamasinda pigmentleri liflere basariyla asilamistir. Bu sayede, Indigo Color
teknolojili Tencel Modal liflerinin geleneksel indigo iplik boyama proseslerine gore, su tiiketimini %99 dan
fazla ve atik su tiiketimi %99’un iizerinde azaltilmistir [33]. Bu tiir yenilikler, siirdiiriilebilir tekstil
iiretimine katkida bulunmayi ve su kaynaklarinin daha etkin kullanilmasini saglamaktadir. Tencel lifi, dogal
rahatlik, piiriizsiizliik ve ¢ok yonliiliigliyle ne ¢ikar ve siirdiiriilebilir bir elyaf kaynagi sunarak endiistride
onemli degisimlerin gerceklestirilmesine katkida bulunmaktadir. Tencel lifi i¢eren {iriinler, ¢evreye duyarl
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tilketiciler tarafindan tercih edilen segenekler arasinda yer almaktadir. Lenzing gibi sirketler, gelecekte daha
da stirdiiriilebilir tekstil tretimi igin caligmalarii siirdiirerek endiistriye oOnciiliik etmeye devam
etmektedirler.

2.2.5 Hanji kagit iplikleri

Kagit ipligi, hafif, nem kontrol fonksiyonu ve hava gecirgenligi agisindan iyi performans gdsteren, ¢evre
dostu bir tekstil malzemesidir. Bu iplikler, filament iplik yapisini i¢erdigi i¢in yumusak bir dokuya ve tuseye
sahiptir. Hanji kagit ipliklerinin denim kumaslarda kullanilmasi, ipligin diisiik 6zgiil agirlig1 sayesinde hafif
kumaslar elde edilmesi olanak tanir ve boylece iyi bir form stabilitesi ve konfor saglanir [34]. Bu 6zellikleri
nedeniyle Hanji kagit denim kumasi, sicak yaz aylarinda giyilen denim Jean pantolonlar ve gomlekler i¢in
uygundur. Ancak kumasin yiiksek rijitligi ve kagit ipliginin diisiik gerilebilirligi nedeniyle burusma
sorunlari ortaya ¢ikabilir [34]. Bu, kagit ipliklerinin dogal 6zelliklerle ilgili bir zorluktur ve tekstil tireticileri
bu tiir sorunlar1 ¢6zmek i¢in teknik iyilestirmeler ve tasarim ayarlamalari yapabilirler. Bu sekilde, Hanji
kagit ipliklerinden yapilan denim kumaslar daha kullanish ve rahat iiriinler olarak piyasaya sunulabilir.

2.2.6 Nane lifi

Nane lifi, dogal bir lif tiirii olup tekstil endiistrisinde giderek daha fazla kullanilmaya baglanmistir. Bu
koruyucu lif, bakterilerin insan viicuduna girmesini énlemeye yardimci olur ve bu 6zelligi antibakteriyel
Ozelliklere sahip bir kumas olusturulmasini saglar. Ayn1 zamanda, cilt dostu ve biikiilebilir bir yapiya
katkida bulunur[35]. Nane lifi, modal ve pamuk lifleriyle karistirilarak siyah Jean pantolonlar tiretmek i¢in
kullanilir. Bu Jean kumasinda, genellikle %40-50 oraninda nane lifi, %20-30 oraninda modal elyafi ve
%20-40 oraninda pamuk lifi bulunur. Bu 6zel karisim, sonucta rahat, giymesi kolay ve insan cildi i¢in
koruyucu etkisi olan jeanlerin elde edilmesini saglar. Nane lifinin tekstil endiistrisinde kullanimi, insan
sagligin1 ve konforunu 6n planda tutan gevre dostu ve islevsel giyim secenekleri talep eden tiiketiciler
tarafindan taktir edilmektedir. Antibakteriyel 6zelligi sayesinde hijyenik bir giyim deneyimi sunarken, cilt
dostu ve biikiilebilir yapist da giyim konforunu arttirir. Bu tiir inovatif tekstil uygulamalari, siirdiiriilebilir
moda ve tekstil sektoriiniin gelecekteki gelisimine yonelik umut verici bir adimdir.

2.2.7 Geri donustiirilmus tekstil elyaflan

Geri donustirilmus tekstil lifleri, tekstil atiklarindan elde edilen 6zel liflerdir. Bu atiklar, eski giysilerden
veya diger tekstil {irlinlerinden olusabilir. Kiiresel giyim tiiketiminin ve hammadde talebinin 2050 yilina
kadar ii¢ katina ¢ikmasi beklenmektedir [36]. Bu nedenle gelecekteki giysi talebini karsilamak igin
alternatif elyaf kaynaklarina olan ihtiya¢ artmaktadir [37].

Geri doniistiiriilmiis pamuk lifi, tekstil atiklarini tekrar kullanarak ek tekstil israfin1 dnlemeyi ve kaynak
kullanimi azaltmay1 amaglar. Geri doniistiiriilmiis pamuk, geleneksel veya organik pamuga goére ¢cok daha
az kaynak gerektirir. Bu nedenle siirdiiriilebilir bir se¢enek olarak degerlendirilir. Ancak, geri
doniistirilmiis pamugun Kalitesi, yeni pamuga gore daha disiik olabilmekte ve tiretim siireci heniiz
tamamen gelistirilmemis olabilir. Geri doniisiimlii lifler, moda endiistrisinde siirdiiriilebilirlik ¢abalarini
desteklemeye yonelik son derece 6nemli adimlardir. Bu tiir lifler, Ellen MacArthur Vakfi'nin Jean Redesign
programina da uygun olarak denim sektoriinde yeni liriinler ve malzemelerin ortaya ¢ikmasini saglar.
Circulose, NuCycl, Liva Reviva ve Texloop gibi 6rnekler, bu alanda 6ncii sirketler tarafindan gelistirilen
geri doniislimlii liflere 6rnek olarak verilebilir. Bu iiriinler, tehlikeli maddeler icermez ve giivenli bir sekilde
geri doniistiiriilmiis veya yenilenebilir kaynaklardan elde edilirler. Uriinlerin iiretimi ve kullanimi ¢evreye
zararli maddelerin salinimini minimalize eder. Ayn1 zamanda, bu liflerin iiretimi sinirhi kaynaklarin
tiketiminden ayrilmistir, bu da dogal kaynaklarin korunmasina ve israfin énlenmesine katkida bulunur.
Geri donistimlil liflerin kullanilmasi, mevcut iiriin ve malzemelerin daha uzun siire kullanilmasini saglar
ve bdylece yeni bakir kaynaklara olan ihtiyaci azaltir. Ayrica, rejeneratif iiretim uygulamalarindan elde
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edilen yenilenebilir hammaddeler, bakir kaynaklarin yerine kullanilabilir. Moda endiistrisinde geri
doniisiimlii liflerin kullanimu, siirdiiriilebilirlik hedeflerine ulagmak igin biiylik bir adimdir. Bu tiir inovatif
malzemeler sayesinde tekstil sektorii, dogal kaynaklar1 koruyarak ¢evre dostu ve daha az atik {ireten bir
iiretim siirecine yonelik ilerleme kaydedebilir. Bu da hem sirketlerin hem de tiiketicilerin gevre tizerindeki
etkilerini olumlu yonde degistirmeye yardime1 olmaktadir.

Circulose, Renewcell tarafindan yipranmis kot pantolonlar ve iiretim artiklar1 gibi %100 tekstil atiklarindan
iiretilen ¢ozlinebilir bir hamur {iriiniidiir. Bu iiriin tekstil endiistrisinde viskon, liyosel, modal, asetat gibi
rejenere liflerin yapiminda kullanilan ¢oziinebilir kagit hamuru seliillozunun, ahsap yerine tekstil
atiklarindan elde edilmesiyle farklilik gosterir [38]. Circulose giysilerini segen kisiler atik, iklim, su, mikro
plastik ayak izlerini neredeyse sifira indirme olanagina sahiptir. Bu yenilik¢i iriin, atik tekstillerin geri
dontistiiriilerek tamamen dogal ve el degmemis bir malzemeye doniistliriilmesi saglar. Eski kiyafetler,
%100 yenilenebilir enerjiyle desteklenen bir siire¢ kullanilarak, pamuk tarlalarina, agaglara veya petrole
ihtiya¢ duymadan yeniden degerlendirilir. Circulose, moda tarihinin en ikonik giysilerinden biri olan 501
kot pantolonunu bile bu yenilik¢i malzemeyle iiretilebilecegini gostermistir. Levi Strauss ve Jacob Davis
tarafindan 1873’te iiretilen ilk 501 kot pantolonu, Circulose kullanilarak giincellenmis bir versiyonuyla
piyasaya siiriilmiistiir[39]. H&M, Circulose’u kullanan ilk perakendeci olmus ve Conscious Exclusive
koleksiyonunda, Circulose’u iceren ilk tirtinlerini sunmustur[40]. Bu, moda endiistrisinde siirdiiriilebilirlik
ve geri doniistiiriilebilirdik konusunda 6nemli bir adim ve 6rnek teskil etmektedir. Circulose gibi yenilikgi
ve ¢evre dostu malzemelerin kullanimi, moda endiistrisinin siirdiiriilebilirlik ¢abalarina katkida bulunurken,
atik miktarin1 azaltma ve dogal kaynaklar1 koruma yolunda 6nemli ilerlemeler kaydedilmesini saglar. Bu
tiir inovatif malzemelerin daha fazla yayginlasmasi, gelecekte moda endiistrisinin daha siirdiiriilebilir ve
cevre dostu hale gelmesine yardimei olacaktir.

NuCycl, Evrnu sirketi tarafindan gelistirilen ve tekstil atig1 sorununa giiglii bir ¢6ziim sunan bir elyaf
teknolojisidir.[41]. Bu yenilik¢i elyaf, geri dontstiiriilmiis giysilerden iiretilir ve pamuga benzer bir
goriiniim ve dokuya sahiptir, ancak pamuktan ii¢ kat daha giigliidiir. NuCycl lifi, kullanilan herhangi bir
parca tekrar sivilagtirilarak tamamen yeni bir {irlin yapmak igin geri doniistiriilebilir [42]. Bu ozelligi
sayesinde atik giysiler birden fazla kez kullanilarak tamamen yeni iiriinlerin olusturulmasina imkan tanir,
bdylece rejeneratif bir dongii saglar. Evru’nun NuCyecl teknolojisi, en zorlu tekstil atiklarinin bile yiizde
100 tiiketici atigindan yeni malzemelere donistiiriilebilmesine izin verir. Bu yenilik¢i NuCycl teknolojisi,
diinyanin mevcut dogal kaynaklarinin tam potansiyelle kullanarak kiiresel tekstil endiistrisinin biiyiimesine
katkida bulunmay1 hedefler. Tekstil iireticileri, hazir giyim markalari, perakendeciler ve tiiketiciler
NuCycle ile ¢evresel etkide kalict bir degisiklik gergeklestirirken, atiklari ortadan kaldirarak karbon ayak
izlerini azaltmak ve 6nemli miktarda su tasarrufu saglamak gibi gevresel faydalar elde edebilirler [43].
NuCycl elyaflari, 6zellestirilmis performans 6zelliklerine sahip giysiler iiretmek i¢in kullanilarak Adidas
by Stella McCartney Infinite Hoodie gibi yeniden yapilan giysilerde kullanilmistir. Ayn1 zamanda, denim
sektoriinde de hizla yayginlagsmaya baglamistir.

Birla’nin Liva Reviva viskon elyafi, geri doniistiiriilmiis materyallerden {iiretilen ¢evre dostu bir viskon
elyafidir. Bu elyaf, %80 odun hamuru ve %20 tiiketici 6ncesi pamuklu kumas atigindan olusur ve RCS
(Recycled Claim Standard) sertifikasina sahiptir. 2020’de piyasaya siiriildiigiinden beri, Liva Reviva elyafi,
bircok kiiresel marka tarafindan benimsenmis ve tekstil atiklarinin daha yiiksek deger yaratilmasina katkida
bulunacak sekilde kiiresel deger zincirlerinde yakin is birliklerine ve kiigiik 6l¢ekli atik geri doniisiimciilere
entegre edilmistir [44]. Tiiketici dncesi pamuk atiklart ve kapali dongii teknolojileri kullanilarak iiretilen
dongiisel bir viskon elyafi olan Liva Reviva, jenerik viskona kiyasla dnemli 6l¢iide daha diisiik sera gazi ve
su ayak izi gibi siirdiiriilebilirlik referanslar sunar. Blockchain tabanli izlenebilirlik ile desteklenen
molekiiler izleyici igerir. Bu sayede, tedarik =zincirinin her asamasinda elyaflarin kaynagi ve
stirdiiriilebilirlik performans: takip edilebilir, seffaflik ve giivenilirlik saglanir. Liva Reviva elyafinin
onemli avantajlarindan biri, yumusak, akiskan, yiiksek nefes alabilirlik ve emicilige sahip olmasidir. Bu
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ozellikleri sayesinde, cilt dostu ve rahat bir kumasa doniiserek kullanicilar i¢in {istlin giyim deneyimi sunar
[45].

Texloop, tiikketim Oncesi ve tiiketim sonrasi tekstil atiklarinin geri kazanilmasini saglayan kiiresel bir
platformdur. Bu platform, dogal ve sentetik elyaflarin geri donistiiriilerek yeni ipliklerin tretilmesine
olanak tanir. Texloop’un RCOT geri doniistiiriilmiis pamuk iplikleri, GOTS sertifikali organik pamuk,
TENCEL™ Lyocell ve diger dogal elyaflarla harmanlanarak %50’ye kadar geri donistiiriilmiis GRS
sertifikali pamuktan yapilan birinci sinif, yiiksek kaliteli ipliklerdir. RCOT geri doniistiiriilmiis pamuk
elyafi, miimkiin olan en uzun elyaf uzunlugunu koruyarak ve organik pamukla karistirilarak neredeyse ham
kalitede moda tekstilleri tiretmek igin kullanilir. Bu sayede, yiiksek oranda geri doniistliriilmiis pamuk
iceren kumaglar, kalite ve estetik sorunlarindan mustarip degildir ve daha genis uygulama alanlarina
sahiptir. Geri doniistliriilmiis pamuklu 6rgii ve dokuma kumasglar, iyi kalitede yumusak ve dayanikli moda
tekstilleri tiretmek ic¢in kullanilir. Texloop'un RCOT geri doniistiiriilmiis pamuk iplikleri, neps ve
boncuklanma gibi kalite sorunlarindan arindirilmistir, bu sayede son iiriinlerde daha yiiksek kalite ve
dayaniklilik saglar [46].

% CIRCULOSE D NUCYCL

by Evrnu*

@ Birla Cellulose Texloop™

Sekil 5. Geri doniisiim temeli elyaflarin logolar

3. OZLU iPLIKLERLE URETILEN STRECH DENiM (STRECH DENIM MADE WITH CORE
YARNS)

Denim giysilerin popiilaritesi, rahatlik, dayaniklilik, uygun fiyat ve her yas grubuna hitap eden ¢ok
yonliiligii sayesinde yiiksek olmustur. Bu nedenle, denim markalar1 hem rahatligi hem de moda trendlerini
g0z Onilinde bulunduran iriinler gelistirmeye yonelik ilgi artmistir. Sonug olarak, cesitli elyaf, iplik ve
terbiye islemleri kullanilarak denim kumas yelpazesini ¢esitlendirmek i¢in 6nemli bir yenilik ve gelisme
alan1 olugsmustur. Son 10 yilda denim endiistrisindeki en etkili yeniliklerden biri, esnek liflerin (stretch
fibers) kullanilmasidir. Tre¢ denim kumaslarin iiretiminde kullanilan bu esnek lifler, kumasin yiiksek
elastikiyet gOstermesini saglar. Stre¢ denim kumaglar, diger denim tiirlerine kiyasla giysinin
sekillendirilebilirligi, insan viicuduna uyum saglamasi ve giyildikten sonra seklini koruma gibi degerli
konfor 6zelliklerini sunar [47]. Treg kotlarin yapisinda genellikle %1 ila %3 oraninda elastan igeren iplikler
kullanilir [48]. Bu elastik igerik, kumasin esnekligini ve hareket Ozgirliigiinii arttirirken, kopma
mukavemetinin azalmasina neden olabilir. Daha yiiksek elastan igerigine sahip polyester multifilament
hava kapli elastan ipliklerle yapilan stre¢ denim kumaglar, kopma mukavemetinde diisiis olmadan daha
fazla esneklik saglayabilir [49]. Bu, miisterilere daha rahat ve esnek denim giysiler sunar. Sentetik elastan
elyaflarin (6rnegin Lycra) kullanilmasi sayesinde, stre¢ denim kumaslar orijinal uzunlugunun alt1 katina
kadar uzayabilir ve sonra bile orijinal sekline geri donebilir [50]. Bu da giysilerin seklini korumasini ve
kullanicilarina yeni bir moda trendi sunmasini saglar. Stre¢ denim kumasglar, konfor ve stil arayan tiiketiciler
icin cazip bir secenek haline gelmistir. Yiiksek elastikiyetleri sayesinde rahat bir giyim deneyimi sunarken,
modaya uygun tasarimlar1 ve dayanikli yapilart sayesinde uzun siire kullanilabilirler. Bu nedenle, streg
denim kumaslarm moda endiistrisindeki 6nemi giderek artmaktadir.

Gecmiste denim giysilerde esneme ile ilgili sorunlar bulunmaktaydi ve kotlar birka¢ kullanimdan sonra

formunu kaybedebilmekteydi. Sonrasinda, Lycra'nin dualFX yeni elastan teknolojisi ile bu sorunlara ¢6ziim
bulunmustur. Bu teknoloji sayesinde elastan kullanilan kotlar daha uzun siire sekillerini koruyabilmekte ve
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giyim konforu artmaktadir. Ancak elastan kullanimindaki artis, geri doniisiim endiistrisinde sorunlara yol
acmugtir. Geri doniistiiriilemeyen veya zor geri doniistiiriilebilen elastanlarin kullanim, siirdiiriilebilirlik
acisindan zorluklar dogurmustur. Bu nedenle, Ellen MacArthur Vakfi gibi ¢evre dostu inisiyatifler, elastan
kullanimini sinirlamak ve ¢evreye daha az zarar veren denim giysilerin tasarlanmasina odaklanmaktadir.
Ellen MacArthur Vakfi, %2 elastan kullanim siiri gibi hedefler belirleyerek, denim giysilerin
stirdiiriilebilirligini artirmaya yonelik ¢aligmalar yapmaktadir. Jean Redesign programi, moda endiistrisinde
geri dontisime yonelik onemli adimlar atilmasini tesvik etmektedir. Bu c¢ercevede, firmalar geri
doniistiiriilebilir elastanlar (6rnegin ROICA) kullanarak, %98 seliilozik igerigi olan siirdiiriilebilir denimler
tasarlamaya calismaktadir. Geri doniistiiriilebilir elastanlar, geri doniisiim endiistrisine katkida bulunarak
cevresel etkileri azaltmaya yardimci olurken, denim giysilerin esneme ve dayamklilik o6zelliklerini
korumaya da olanak tanmaktadir. Bu sayede hem giyim konforu hem de ¢evre dostu {iiretim
hedeflenmektedir.

Sekil 6. Lycra’nin dualFX elastan teknolijisi [51]

Kings of Indigo'nun siirdiiriilebilir denim markasi olarak belirledigi hedef, 2025 yilina kadar geri
dontstiirtilmiis ve suni liflerden olusan bir koleksiyon olusturmaktir. Bu hedefe ulagmak i¢in Bio-stretch
kapsiil koleksiyonlarini piyasaya siirmiislerdir ve Candiani Denim gibi éncii bir italyan fabrikayla is birligi
yaparak %100 bitki bazli, vegan ve geri donistiiriilebilir bir koleksiyon olusturmuslardir. Bio-Stretch
koleksiyonunda, diger stre¢ denimlerde kullanilan bozunmayan polyester malzeme yerine %100
yenilenebilir bitki bazli ve dogal kauguk iplik kullanilmaktadir. Bu 6zellik, kumasin tamamen biyolojik
olarak pargalanabilmesini ve geri dondstiiriilebilirligini saglar. Geleneksel stre¢ denimlerin geri doniigiimii
zorlastiran ve g¢evre tizerinde olumsuz etkileri olan polyester i¢cermesiyle karsilastirildiginda, Bio-Stretch
koleksiyonu dogal kauguk iplikler sayesinde daha ¢evre dostu bir segenek sunar. Bio-Stretch koleksiyonu,
iki farkli esneklik seviyesine sahiptir. Konforlu stre¢ versiyonu %25 esneklik saglarken, siiper streg
versiyonu %45 esneklige sahiptir. Her iki durumda da kumasin %96's1 organik pamuk ve %4'i dogal
kauguk ipliklerden yapilmistir. Bu sayede, siirdiiriilebilir bir stre¢ denim kumasi elde edilirken organik
pamuk kullanimi da tesvik edilmektedir. Kings of Indigo'nun Bio-Stretch koleksiyonu hem tiiketici hem de
cevre dostu bir secenek sunarak denim giysilerin siirdiiriilebilirligine katkida bulunmay1 amaglamaktadir.
Bu tarz inovatif ve c¢evre dostu yaklasimlar, moda endiistrisinde daha siirdiiriilebilir triinlerin
gelistirilmesine ve dairesel ekonomiye gegise yonelik 6nemli adimlardir [52].

4. KORUYUCU TEKNIK TEKSTILLERDE KULLANILAN DENIMLER (PERFORMANS
DENIMLERI)

Iyi ve siirdiiriilebilir bir denim kumas1, belirli mukavemet ve sertlik dzelliklerine sahip olmalidir. Ayni
zamanda yikama sonrasi olusabilecek aginmalara ve yipranmalara dayanikli ve direngli bir yapiya sahip
olmast 6nemlidir[53]. Tiiketim sorunlarinin temel sebeplerinden biri, giysilerin kisa kullanim omriidiir.
Kalitesiz tiretim nedeniyle giysiler daha kolay asinir ve yirtilirken, tas yikama ve kumlama gibi islemler
yapilarak bilingli olarak dayaniklilik azaltilabilmektedir. Ellen MacArthur'un The Jeans Redesign
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Yonergeleri gibi inisiyatiflerde, bir denim pantolondan beklenen temel parametreler belirlenmistir. Bu
parametreler arasinda, bir denim pantolonun ev tipi ¢amasir makinelerinde en az 30 kez yikanabilecek
sekilde dayanikli olmasi yer almaktadir. Bu tiir dayanikli denim kumaslar, uzun siireli kullanim ve tiiketici
memnuniyeti icin Onemlidir. Dayanikli ve kaliteli denim kumaslari, giysilerin uzun siire boyunca
kullanilmasin1 saglar ve bu da tekstil atiklarinin azaltilmasina yardimci olur. Denim sadece giyim
sektoriinde degil, teknik tekstiller sektdriinde de kullamilabilen ¢ok yonlii bir kumastir. Ozellikle spor
dallarmin giysilerinde, ¢anta, ayakkabi gibi farkli alanlarda da tercih edilmektedir. Bu nedenle, denimin
dayaniklilig1 ve ¢ok amagh kullanimu, farkli sektorlerdeki tercihini artirmaktadir.

Motosiklet kiyafetlerinin tasarimi ve kullanilan materyaller, siiriiciiyli olasi kazalara ve yaralanmalara kars1
korumak i¢in biiyiik 6nem tagir. Motosiklet siiriisii sirasinda diisme veya kazalara maruz kalan kiyafetler,
ciddi hasar alabilir ve siirlicliniin gilivenligini tehlikeye atabilir. Bu nedenle, motosiklet kiyafetlerinin
dayanikliligi, asinma direnci ve koruyucu 6zellikleri ¢ok dnemlidir. Giiniimiizde motosiklet ceketleri ve
pantolonlari iizerlerinde en ¢ok hasar alan bolgeler belirlenerek, bu alanlara yonelik yeni materyaller
gelistirilmistir. Bu amagla kullanilan 6nemli bir materyal Cordura'dir. Cordura, yiiksek dayanikliligi ve
asinmaya kars1 direnci sayesinde motosiklet kiyafetlerinde tercih edilen bir malzemedir. Cordura genellikle
naylon bazli bir kumastir ve dayanikli yapis1 sayesinde kazalarda yirtilmaya karsi koruma saglar. Cordura
kumas1 bazen pamuk ve benzeri dogal liflerle karisim halinde de kullanilabilir. Bu sekilde, dogal liflerin
yumusakligt ve hava gecirgenligi ile Corduramin dayaniklilign ve asinmaya karsi direnci bir araya
getirilerek, motosiklet kiyafetlerinin rahatligi ve koruyucu ozellikleri dengelenir [54]. Dyneema, 6zellikle
hafiflik ve dayaniklilik 6zellikleriyle 6ne ¢ikan bir elyaf tiiriidiir. Bu 6zellikleri, su itici ve dagc giysilerinde
verimli bir sekilde kullanilmasini saglar. Ozellikle dagc1 giysilerinde, Dyneema iceren denim kumaslar
yumusak ve hafif olmasi nedeniyle tercih edilmektedir. Ayn1 sekilde, Cordura gibi motosiklet ekipman
kiyafetlerinde de Dyneema igeren denim kumasglar tercih edilir. Bu tiir kumasglar, pamuga kiyasla ¢cok daha
mukavemetlidir [55]. Dyneema i¢eren denim kumaslarin kullanimi, birim tiretim giicii agisindan da karbon
ayak izinin azaltilmasina katki saglar. Dyneema gibi dayanikli elyafin eklenmesiyle, kumasin dayaniklilig:
artar ve bu sayede daha uzun siire dayanabilir. Geleneksel moda alani, teknik tekstil alana kiyasla daha az
mukavemete ihtiya¢ duyabilir. Ancak, Dyneema gibi giiclii elyafin %100 pamuklu denim kumasina %5-
%06 oraninda eklenmesi bile yeterli mukavemet saglayabilir [56]. Bu, moda endiistrisindeki denim giysilerin
de daha dayanikli ve uzun 6miirlii olabilecegi anlamina gelir. Sonug olarak, Dyneema gibi mukavemetli
elyaflarin denim kumasinda kullanimu, teknik tekstil alaninda ve geleneksel moda alaninda farkli avantajlar
saglar. Dayaniklilik, hafiflik ve karbon ayak izinin azaltilmasi gibi 6zellikler, Dyneema iceren denim
kumaglarin tercih edilme nedenlerindendir. Bu tiir yenilik¢i uygulamalar, denim giysilerin daha
siirdiiriilebilir ve islevsel hale gelmesine katki saglar.

— =

—_ —

Sekil 7. Teknik motorcu denim pantolonu
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5. BOYAMA SURECINDEKI YENILIKLER

Denimdeki boyama iglemi temel agamalardan biri olarak kabul edilmektedir. Kumasin tutumu ve dokusu
icin boyama iglemi 6nemli bir parametredir. Denim, esas olarak mavi renginin ¢ekiciligi ve kumasin tekrar
tekrar yikandik¢a degisen gorintiisiiyle popiilerligini korumaktadir. Denim iretiminde ¢Ozgii ipligi
genellikle dogal veya sentetik indigo boyalar ile kiikiirt boyalar1 kullamlarak boyanir. indigo, suda
¢oziinmeyen kat1 bir mavi pigmenttir ve genellikle seliiloz liflerine uygulanir [59]. Denim kumast tizerinde
canl ve parlak bir goriiniim saglamaktadir. Dogal indigo, birgok bitkiden elde edilebilir. Onemli olanlar
sunlardir: ¢ivit otu ve indigofera bitkileri [60, 61]. Dogal indigo iretimi, 19. Yiizyilda artik giyim
endiistrisinin taleplerini karsilayamamis ve sentetik indigo arastirmalari baslamustir. 1897°de Alman
kimyager Adolf Von Baeyer sentetik indigo yapmay1 basarmistir.-Ancak hem sentetik indigonun iiretim
asamasinda hem de boyanin kumasa tutunabilmesi igin ¢esitli toksik kimyasal maddeler gereklidir. Her y1l
yaklasik olarak bir milyar kot pantolon sentetik indigo ile boyanmaktadir. Denim endiistrisi yilda 45.000
tondan fazla sentetik indigo, 84.000 tondan fazla sodyum hidrosiilfit ve 53.000 tondan fazla kostik gibi
indirgeyici maddeler kullanmaktadir. Bu durumun sonucunda biiyiik 6lgiide kirlilik meydana gelmektedir.
Zararli kimyasallarin etkilerini azaltmak amaciyla ZDHC standartlar1 gelistirilmistir. Kiiresel bir inisiyatif
olan ZDHC, imalatg¢ilarin iiretim siireglerinde kullanilan kimyasallarin neden oldugu atik sularin azaltilmasi
ve engellenmesi amaciyla deger zincirlerinin daha temiz bir diinya i¢in daha gilivenli kimyasallarin
kullanimina yonlendirilmesini amaglamaktadir. Arm Kimya, Smart Chemicals markasi altinda ZDHC
sertifikal1 siirdiiriilebilir kimyasal iiriinler iiretmektedir. Ozellikle tekstil sektorii icin kimyasallar {ireten
Arm Kimya, Akilli Kimyasallar konseptiyle ekonomik ve ¢gevre dostu iiriinler gelistirmektedir. ADVANCE
Denim, Candiani Denim, Isko, Raymond Uco Denim ve Soorty gibi firmalar, ZDHC standartlarina uygun
kimyasallar kullanmaktadir. Diinyadaki sentetik indigo tliretiminin %30'unu gerceklestiren Alman sirketi
DyStar, iscileri toksik tozdan koruyan ve atik tuz miktarini %70 azaltan 6nceden indirgenmis bir s1vi indigo
boyasi iiretmektedir. Ayrica, DyStar sodyum hidrosiilfit kullanimini tamamen organik ve biyolojik olarak
parcalanabilen bir indirgeyici maddeyle ortadan kaldiran baska bir islem gelistirmistir. Bu yontemle olusan
atik suyun aritilmasi ¢ok daha kolay bir sekilde gerceklestirilebilmektedir Uretim sirasinda boya ve
kimyasallarla ilgili sorunlar1 ¢dzen yeniliklerden biri kuru indigo'dur. Bu ¢6ziim su tiiketimini %98,
kimyasal kullanimini ise yaklasik %90 oraninda azaltabilmektedir. Archroma'nin "Gelismis Denim"
¢oziimii, Amerikan giyim sirketi Patagonia tarafindan zaten benimsenmistir. Geleneksel kot pantolonlara
kiyasla %25 daha az CO; emisyonu iireten bir ¢oziimdiir [65]. "Piyasadaki en temiz indigo" olarak tanitilan
DyStar Indigo Vat, sodyum hidrosiilfit kullanimin1 %40'a kadar azaltarak, daha temiz atik su olusturmay1
ve daha az su kullanimini saglamaktadir. Su kullanmayan ve boyama islemi sirasinda sifir kimyasal atik
iireten Dyepro teknolojisini kendi tedarik zinciri takibiyle birlestirmistir. Ozel kimyasallar sirketi Archroma
ve terbiye teknoloji firmasi Jeanologia ortak is yaparak siirdiiriilebilir boyama ve terbiye projeleri icin is
birligi yapmaktadir. Alanlarindaki iki 6ncii, su kullanimin1 6nemli Sl¢lide azaltan oda sicakliginda bir
boyama islemi olan Pad-Ox G2 Cold’u liretmek i¢in yenilikleri birlestirmistir. Pad-Ox’un faydalar1, kumas1
lazer de dahil olmak {izere terbiye islemlerine hazirlamak i¢in ozon kullanan Jeanologia’nin yenilik¢i G2
Dynamic teknolojisi ile birlestirilebilmektedir.

Sekil 8. Jeanologia G2 dynamiE tenoloisi [66]
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5.1 Dogal Boyalarin Denimde Kullanimi

Dogal boyalar, kestane kabuklari, cay agact meyve kabuklari, dut, nar kabugu, yesil cay ve tiitiin dahil
olmak {izere, ¢esitli bitki materyalleri kullanilarak elde edilmektedir. Basta Avrupa olmak {izere birgok
iilkede dogal boyalara olan talep artmaktadir. Bu egilim, birgok sentetik boyayla iliskili saglik tehlikesi ve
cevre Kkirliligi sorunlarindan kaynaklanmaktadir. Bu nedenle dogal boyalara olan ilgi yeniden
canlanmaktadir. Indigo kullanmadan tamamen yeni bir denim iiretim konsepti ortaya ¢ikmaktadir. Italyan
teknoloji firmas1 Tonello, yalnizca organik ve giibreleme yapilabilen hammaddeler kullanan ilk yiizde 100
eko-siirdiiriilebilir boyama sistemi olan Wake'i gelistirmistir. Wake, higbir kimyasal katki maddesi olmadan
kurutulmus ve asilanmig cigekler, meyveler ve kokler gibi bitki ve sebze atiklarini kullanilmaktadir.
Wake'in faydalar1 arasinda daha kisa islem siireleri, CO, emisyonlarinda azalma, biyolojik olarak
parcalanabilen kat1 atik, daha giivenli ve saglikli boyalar yer almaktadir [68].

o ey e . .
B W <500 L f
Sekil 9. Tonello Wake serisi [68]

Artistik Milliners denim sirketi, renkli topraklardan elde edilen boyalarla boyanan yiizde 100 dogal ve
stirdiiriilebilir olan Purecolor serisini piyasaya siirmistiir. Koleksiyondaki yedi renk, herhangi bir sentetik
kimyasal eklenmeden elde edilmektedir. Bu koleksiyon, GOTS tarafindan sertifikalandirilmis ve ZDHC
MRSL Seviye 1 sertifika gereksinimlerini karsilamaktadir. Toksisite testlerine gore, boyama soliisyonu
hicbir agir metal izi birakmamaktadir. Bu boyama soliisyonu bebekler, ¢ocuklar ve yetiskin giyim
kategorileri igin giivenli oldugu kaydedilmistir [69].

Sekil 10. Artistic Milliners Purecol si [69]

Maritas Denim'in Terra serisi, Tiirkiye menseili kil ile boyanarak elde edilmektedir. Boyama islemi
sirasinda sentetik boyaya kiyasla yiizde 72 daha az su kullanilmakta ve daha diisiik karbon emisyonu
saglamaktadir.

Terra Denim iiretiminde kil boyama teknigi kullanildig1 i¢in oksidasyon islemine ve sentetik kimyasal
kullanimina ihtiya¢ duyulmamaktadir. Bu 6zellikler sayesinde Terra serisi, verimlilik ve siirdiiriilebilirlik
acisindan 6ne ¢ikmaktadir [70].
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o

Sekﬂ 1. Maritas Denim Terra seri‘éi" [O]
5.2 Tekstil Atiklarindan Boyama Prosesi

Atik olarak nitelendirilen {iriinlerin farkli hayat dongiileri igerisine girmesine imkan saglayarak,
stirdiiriilebilir denim terbiye proseslerinde atiklarin katma degeri yliksek degerlendirme alanlarinin
olusturulmasi olduk¢a Snemlidir. Her y1l 98 ton tekstil atig1 ortaya ¢ikmaktadir ve bu rakamin on yilin
sonunda 134 milyon tona ¢ikmasi beklenmektedir. Tekstil atig1 sorununu ele almak gittikge kritik hale
gelmektedir. Archroma firmasi, atik modadan renkler yaratabilmek konsepti ile, tiiketici 6ncesi ve sonrasi
tekstil atiklarindan boyalar iiretmenin yeni bir yolunu bulmustur. Fiber Color boya koleksiyonu, minimum
yilizde 50 atik bazli ham madde igeriginden sentezlenen boya ¢esitlerini tanitmaktadir. FiberColors serisi,
dogal tonlardan olusan bir paleti kapsayarak bes boyadan olusmaktadir: Diresul Fiber-Teak (kahverengi
tonlar1), Diresul Fiber-Ochre (zeytin tonlar1), Diresul Fiber-Maroon (bordo tonlar1), Diresul Fiber-Slate
(mavi-gri tonlar1) ve Diresul Fiber-Grafit (koyu gri tonlar1) FiberColors serisi, pamuk, viskon, keten ve
kapok gibi seliiloz bazli lifler i¢in uygun oldugunu belirtmistir. FiberColors serisi, siirekli par¢a boyama,
jet boyama veya baski uygulamalarinda cgesitli sekillerde kullanilabilmektedir.

Diresul® Fiber-Teak Diresul® Fiber-Ochre Diresul® Fiber-Maroon

synthesized using 100% synthesized using 50% synthesized using 50%
textile waste-based raw textile waste-based raw textile waste-based raw
material material material

Diresul® Fiber-Slate Diresul® Fiber-Graphite

synthesized using 50% synthesized using 50%
textile waste-based raw textile waste-based raw
material material

Sekil 12. Archroma Fiber-Colors renk paleti

6. BiTIM iISLEMLERI

Denim giysilerin bitirilme asamasinda en énemli kisimlardan biri yikama iglemidir. Bu proses giysilerin
goriiniimiini, boyutunu ve konfor kabiliyetini iyilestirerek modaya uygun hale getirir. Giysilerin daha
yumusak, esnek ve piiriizsiiz hale getirilmesi i¢in 1slak yikama, pigment yikama, kostik yikama, silikon
yikama, tas yikama, tas ve enzim yikama, camasir suyu ile yikama gibi farkli segenekler bulunmaktadir
[71]. Ancak, geleneksel denim yikama prosesi fazla su, enerji ve kimyasal tiiketimiyle ¢evresel acidan
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kirletici olabilir. Ayrica, merserize islemi, daha parlak, diiz ve kirmizimsi mavi ve siyah bir kot elde etmek
icin kumasa kostik soda uygulanmasidir. Bu siiregte optimum kumas pH'im1 yeniden saglamak,
sabitlenmemis boyalar1 ve istenmeyen Kkirleri ¢ikarmak icin bir dizi yogun yikama gerektirebilir. Kot
yikamada agartma yontemi yaygin olarak kullanilmaktadir, ancak ¢amasir suyu gibi sert kimyasallar hem
insan sagligina hem de pamuga zarar verebilir ve ¢camasir makinesinde korozyona neden olabilir. Son
yillarda, ¢evreye zararli olmasi ve klorun salinimi nedeniyle, denim yikamada hipoklorit kullanimi
onerilmemektedir [72, 73]. Bu yiizden ozon ile islemler, siirdiiriilebilir ve ekonomik bir ¢6ziim olarak
popiilerlik kazanmaktadir [74]. Ozon yikama, ¢amasir makinesinde suda ¢dziinen ozon kullanarak yikama
islemi sirasinda indigoyu ¢ikartir. Agartma, ¢cevre dostu bir yontem olarak operatdrlerin saglik risklerini en
aza indirir.

Indigo giysiye uygulandiktan hemen sonra, oksitlenmesi yani hava ile temas etmesi gerekir. Bitmis parga
denim giysinin, nasil bir goriiniime sahip olduguna bagl olarak farkli islemlere ihtiya¢ duyulmaktadir.

Bu "goriintimler" diiz, renkli, soluk, piitiirlii ve yumusak bir his olarak kategorize edilebilir. Cevreyi en
zorlayici kisim, yikanmis kot gdriiniimiidiir, ¢linkii bu islem hem ¢ok fazla su hem de ¢ok fazla kimyasal
gerektirir. Yipranmis bir goriiniim elde etmek i¢in denim giysilerde kullanilabilecek farkli islemler vardir.
Bu islemlere 6rnek olarak tas yikama, kumlama, bazen silika veya polipropilen gibi kimyasallarin
kullanimiyla birlestirilen veya 6zel olarak kullanilan siiregler bulunmaktadir. Son islem siiregleri ayrica
giicli ve kaliteyi %50 veya daha azina diisiirmektedir [75]. Kumlama, denim giysilerdeki koyu renkli
pigmentlerin hava basinci ve kum ile uzaklastirilmasi i¢in ve eskimis bir gériiniim elde etmek i¢in kullanilan
bir yontemdir. Kumlama manuel veya manuel olmayan olmak tizere iki sekilde yapilabilir. Manuel olmayan
islem, mekanik olarak dolaplarda gerceklestirilir ve daha "kontrolli" oldugu distiniliir. Ancak,
arastirmalar, silika tozuna maruz kalma riskini gostermistir, 6zellikle is¢gilerin havalandirma gibi koruyucu
onlemleri eksik oldugu durumlarda. Manuel kumlama iglemi sirasinda, makine tipi bir tabanca kullanilarak
giysiye hava basinci ile kum piiskiirtiiliir ve boyanin parcalar1 ¢ikarilir. Maalesef, kum genellikle silika
icerir ve bu da igslemi daha tehlikeli hale getirir ve iscilerin saglig1 i¢in tehdit olusturur. Silika kullanimi
Birlesik Krallik'ta yasaklanmis ve ABD ile AB'de kisitlanmistir. Bu kisitlamalar genellikle kum tiiriine
iligkin ve silis kumu kullaniminin 6nemli 6l¢iide azaltilmasini igerir. Silika tozuna maruz kalma, uzun siireli
veya kisa siireli maruz kalmanin farkli problemlere neden olabilir. Uzun siireli maruziyet, silikozis veya
akciger kanseri gibi saglik sorunlarina yol agabilir [75].

Denim giysi iiretiminden kaynaklanan en biiyiik karbondioksit emisyonlarindan biri tas yikamadan
kaynaklanmaktadir. Tas yikama, kot pantolon gibi denim giysilere eskimis bir goriiniim kazandiran bir
islemdir. Emisyonlar1 yiiksek yapan sey, kullanilan tasin madencilik gerektiren ponza tasi olmasidir. Ponza
taslar1 volkanik taslardir ve ¢ikarildiklarinda karbondioksit agiga ¢ikar [76]. Taslar toz haline getirilir ve
genellikle pullara konur; boylece giysi yipranmak igin agiga ¢ikan tozla yikanir. Ponza taginin tozu,
genellikle kullanildig1 yakinlardaki nehir ve golleri kirletmektedir. Tas yikama kullanimyla ilgili bir bagka
sorunlu yon de kot giysiden ¢ikan silikanin havada salinmasidir. Bu partikiiller is¢iler tarafindan
solunmakta ve silikozis gibi ciddi saglik sorunlarina neden olmaktadir. Genellikle tas yikama i¢in kullanilan
su defalarca tekrar kullanilir. Bunun nedeni yiiksek su maliyetleri ve su desarjini aritmak i¢in kullanilan
tekniklerin pahali olmasidir. Ancak, suyun fazla kullanilmasi, iireticilerin genellikle fazla suyu yerel
akarsulara ve gollere bosaltmasina neden olur. Bu da etkilenen sularda silika disinda kadmiyum, kursun
gibi kimyasallarin giysinin n ve sonraki islemlerinden kaynaklanan civa ile daha fazla kirlenmesine yol
acar.

Pazar baskisi ve denim endiistrisinin kot iiretimini daha siirdiiriilebilir hale getirme hedefiyle
camasirhaneler, ponza taslarinin yerine ekolojik taslari kullanmaya baslamistir. Ekolojik taslar, pliriizli bir
ylizeye sahip plastik veya yapay taslardan yapilmistir. Bu taslar, daha az kum iireterek daha fazla
kullanilabilmekte ve bu sayede su ve gii¢ tasarrufu saglamaktadir. Mekanik tas yikamaya bir alternatif
olarak, enzimler kullanilarak yapilan kimyasal tas yikama yontemi de kullanilmaktadir. Enzimler organik
oldugu igin ¢evreye ¢ok daha az zararlidir. Kullanilan enzimler taglara benzer etkiler gostermekte, ancak
taglarla yikamaktan biraz daha uzun siire isleme tabi tutulmalarini gerektirebilmektedir [77]. Baz1 firmalar
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stireci hizlandirmak i¢in tas yikama ve kimyasal yikama kombinasyonlarin1 da denemektedirler Wiser
Wash’in patentli, ozon agartma islemi, ponza tasimm1 ve tehlikeli kimyasallari geleneksel agartma
tekniklerinden ¢ikararak biiyiik bir fark yaratmistir. Bu, sirkete 6nemli miktarda su ve enerji tasarrufu
saglamaktadir. Cihaz, bulut tabanli giivenli bir platform araciligiyla, liretim stireciyle ilgili verileri toplar
ve yapay zeka algoritmalarina beslemektedir. Sistemin farkli yerlerinde bulunan sensérler, siirecin tiim
asamalarinda olasi anormallikleri tespit edebilmektedir. Wiser Wash ile sistem, yikama sirasinda ihtiyag
duyulan su miktarini yariya indirmektedir. WOX sistemi bir ozon tamburu ve jeneratorden olusmaktadir.
Yapay zeka tabanli teknolojisi sayesinde WOX, ozon agartma isleminin tiim asamalarini analiz edebilmekte
ve olas1 anormallikleri belirleyebilmektedir, hatta bakim gereksinimlerini dahi gézlemleyebilmektedir. ik
iiretimlerden elde edilen veriler dogrultusunda WOX ¢evrim siirelerini yiizde 40 oraninda kisaltmakta ve
tesisin tiretim kapasitesini ylizde 66 oraninda arttirmustir. Bu gelismeler, iireticilerin daha iyi bir dlgek
biiylitme stratejisi olugturmasina yardimei olmaktadir [78].

Sekil 13. Wiser Wash’m wox sistemi [79]

Jecostone sistemi, Italyan firma Itexa Gurup tarafindan olusturulmustur. Bu sistem, endiistriyel bir camasir
makinesinin tiim tamburunu kaplayan yalnizca 7 santimetre c¢apinda asindirict ¢ok lifli bir ped olan
Jecorock ile ponza taglarina benzer sonuglar elde edebilmektedir—Sirket, sistemin ylizde 80’¢ kadar su
tasarrufu saglayabilecegini ve pahali, sik makine bakimina gerek kalmadan istenilen 6zelliklere gore {irliniin
degistirilebilecegini soylemektedir [80].

Sekil 14. Jeostone ile tamamlanmis bir jean, kaplama materyali, sistemi [81]

Yikama isleminde agiga ¢ikan safsizliklardan biri, kategori 2 kanserojen olarak siniflandirilan ve su yagami
icin toksik kabul edilen bir madde olan anilindir. Terbiye teknolojisi firmasi Jeanologia ile 6zel kimyasallar
iiretici Archroma, anilin i¢ermeyen denim olusturmak amaciyla, Archroma’nin anilin igermeyen Pure
Indigo Icon boyama sistemiyle Jeanologia’nin su ve kimyasal igermeyen G2 Dynamic terbiye teknolojisinin
ortak kullanildigi, ozon temizleme islemiyle siirdiiriilebilir bir denim tiretmislerdir.

Giysi terbiye teknoloji firmasi Tonello ile Italyan iiretici Candiani Denim, ortak bir ¢alisma ile
stirdiiriilebilir ozon islemlerini kot pantolonlara uygulamanin yeni bir yolu olan O-Zone’u gelistirmistir-
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O-Zone, kiigiik iiretimleri, kisisel ve yeni tasarim konseptlerini {iriin lizerinde hizl1 bir sekilde test etmelerini
saglamaktadir. Uriinler, askilar iizerinde dolabin igine yerlestirilmekte ve dokunmatik ekran ile tamamen
kontrol edilebilen esnek bir iglem ile ozona tabi tutulmaktadir. O-Zone, zararli potasyum permanganat (PP
sprey) kullanmadan yikama efektleri saglamaktadir. Kullanicilarin istedigi goriintiiye gore giineste solmus
gortintiiler, lokalize renk degisiklikleri veya ombre gibi sonuglar ayarlanabilmektedir [82].

Sel 15.0one ile islem gormiis kot panton [82]

Biyik, bir kot pantolonun kasik, uyluk ve dizlerindeki yatay katlama ¢izgilerine denilmektedir. Bu ¢izgiler,
kot pantolonun bir¢ok kez giyilmesinden sonra yipranma sonucunda olusur. Geleneksel olarak biyiklar ve
asinmis alanlar, elle, fircalar ve zimpara kagitlar1 kullanilarak olusturulmaktadir. Ancak, bu manuel
tekniklerin yerini artik lazer teknolojisi almaktadir. Lazer sonlandirma, tasarimcilara deney yapma ve
yaratict olma imkani1 sunar. Biyik, siyrik, yirtik gibi yipranmig efektler olusturmak veya hemen hemen her
tiir malzeme iizerine desen ve kisiye 6zel tasarimlar yapmak i¢in kullanilabilmektedir. Bu avantajlar, diger
bitirme teknikleriyle birlestiginde, daha biiyiik olasiliklar i¢in alan yaratir. Lazer, permanganat uygulamasi
gibi yontemlerin aksine, su veya kimyasal gerektirmez. Ayrica, manuel eskitme islemi hem saglik hem de
is kalitesi acisindan isciler icin uygun degildir. Lazer ayn1 zamanda geleneksel olarak manuel kazima ve
uzman operatorler gerektiren stiregten daha az zaman gerektirir. Levi Strauss & Co. Kotlarini bitirmek i¢in,
siireci 20 dakikadan 90 saniyeye kisaltan otomatik bir lazer ¢oziimii i¢in patent korumasina sahiptir.
McKinsey’e gore, ABD i¢in 6nemli bir Pazar olan Meksika’da denim {iretiminin otomasyonu, bir kot
pantolon i¢in 60 ile 90 sent arasinda tasarruf saglayabilmektedir. AB i¢in biiyiik bir Pazar olan Tiirkiye gibi
yerlerde, denim firetiminin otomatiklestirilmesi ¢ift basina 1,30 ila 2 dolar arasinda tasarruf
saglayabilmektedir [83]. Amerikan Giyim ve Ayakkabi Dernegi (AAFA), 'Denim Terbiye Iscileri I¢in
Saglik ve Giivenlik Yonergeleri' raporunu yaymlamistir. Bu rapor, tedarikgiler icin kazalari, yaralanmalar
ve hastaliklar1 azaltmanin yan1 sira moral ve iiretkenligi artirma gibi faydalar icermektedir. Alicilar i¢in bu
yonergeleri takip etmek, Higg FEM, ZDHC ve Sosyal ve Isgiicii Yakinsama Programi'ndaki (SLCP) itibar1
ve puanlari iyilestirir.

7. SU AYAK izi

Denim fiiretiminin yogun oldugu AB kapsami disindaki iilkelerde, atik suyun ve belirli kimyasallarin
islenme parametrelerindeki diizenlemeler yetersiz kalmaktadir. Siirdiirtilebilir su kaynaklarinin yonetimi
gibi alanlarda ¢alismalar yapan Ingiltere merkezli Water Witness International, yeni bir rapor yayinlayarak,
kiiresel moda tedarik zincirini destekleyen bazi Afrika iilkelerinde asir1 su kirliligini ortaya ¢ikarmustir.
Arastirmacilar 6zellikle Etiyopya, Lesoto, Madagaskar, Mauritius ve Tanzanya gibi en ¢ok kaynak saglayan
tilkelerdeki atik suyun ilerledigi yolu inceleyerek nehir akiginin bir kisminin pH’min 12’ye yakin oldugunu
(ev tipi camasir suyuyla ayni) ve ayrica yiiksek diizeyde kanserojen kimyasallar i¢cerdigini gordiiler. Denim
iiretiminde kullanilan ve gbzle goriiliir bir sekilde su iizerinde degisiklige sebep olan mavi boya, cevreye
salimip dogada bulunan diger su kaynaklar ile birleserek kirliligi arttirmigtir. Rapora gore, kirlenen akais,
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yerel topluluklarin sagligin1 ve suyla sulanan mahsulleri tehdit etmekte ve Kirlilik ile temas ayrica cilt
yaniklarina ve hastaliga neden olmaktadir.

Kiiresel denim endiistrisinin siirdiiriilebilirlik konusunda yillar icinde kaydettigi ilerlemelere ragmen; su,
ana cekisme noktalarindan biri olmaya ve Birlesmis Milletler’in 17 Siirdiiriilebilir Kalkinma Hedefi’nin
(SKH) altincist olmaya devam etmektedir. Toksik kimyasallar ve tiirevleri yerel su kaynaklarina
ulasabileceginden, biiyiik 6nem tagimaktadir. Sektorde, su yonetimine iliskin birgok standart mevcuttur ve
bu standartlardan biri de Uluslararas1 Su Yonetimi Ittifaki (AWS) tarafindan gelistirilen uluslararasi
standarttir. Bu standartlar, su iizerinde iyi performansi tesvik eder. Tommy Hilfiger ve Calvin Klein gibi
markalarin sahibi olan sirketler, H&M ve PVH ile Etiyopya'daki Industrial Parks Development Corporation
ile is birligi yaparak, su yonetimi konusunda iyi bir performans gdstermeyi taahhiit etmektedirler. Ornegin,
2010 yilinda Levi Strauss & Co. "Water Less' kot koleksiyonunu piyasaya siirerek iiretim siire¢lerinde su
tiiketimini 6nemli dlciide azaltti. Bu koleksiyon sayesinde su tiikketimi ortalama %28 oraninda azalirken,
bazi tirlinlerde ise bu oran %96'ya kadar ¢ikmustir. Levi's, su tasarrufuna yonelik yaklasimini daha da ileriye
tagtyarak, 2025 yilina kadar su sikintist ¢ceken bolgelerde iiretim i¢in kiimiilatif su kullanimini yiizde 50
azaltma hedefini giincellemistir. Bu durum, sirketlerin siirdiiriilebilirlik ¢abalarmin su kaynaklarina olan
olumlu etkisini gostermektedir.[84].

AN ey Wiz
Sekil 16. Levi Strauss & Co.’nun waterless teknolojisi ile iiretilmis denim [84].

Advance Denim'in siirdiiriilebilir tiretime yonelik BioBlue Indigo adli projesi, kot boyama isleminden sonra
atik sular kirleten zararli kimyasallarin azaltilmasina yonelik bir inisiyatiftir. Denim boyama esnasinda
kullanilan sodyum hidrosiilfit, taginmasi zor olan, kararsiz ve yanici bir kimyasaldir. Bu kimyasal, denim
iiretim siirecinde yiiksek konsantrasyonda tuzlarin olusmasina neden olur ve bu tuzlarin atik suda
uzaklastirilmast oldukga zorlu bir siirectir. Atik sularda siilfat birikimi ve yliksek seviyelere ulagmasi
durumunda ¢evreye daha da zarar verebilecek gazlarin ortaya ¢ikmasina neden olabilir. BioBlue Indigo
projesi sayesinde firma, kumas basina enerji tiiketimini yiizde 42 ve su tiiketimini ylizde 58 oraninda
azaltmay1 bagsarmistir. Bu basari, sirketin ¢evre dostu uygulamalari ve siirdiiriilebilir tiretim siireclerine olan
taahhiidiiyle uyumludur. Ispanyol Sirketi Jeanologia, yikama etkinligini 6lgmek igin giysi terbiye
islemlerinin ¢evresel etkisini degerlendiren EIM yazilimi gelistirmistir. Tiiriiniin ilk 6rnegi olan bu yazilim,
giysi terbiye endiistrisi i¢in 6zel olarak tasarlanmistir. Yazilim, giysi yikama islemlerinin ¢evresel etkisini
degerlendirerek, etkileri dort ayr1 baslik altinda siniflandirmaktadir. Bunlar su tiiketimi, enerji tiikketimi,
kimyasal etkiler ve is¢i sagligi tizerindeki etkidir. Ayrica, kullanicinin farkli siire¢leri karsilagtirmasina ve
sonraki sonuglarim degerlendirmesine olanak tanimaktadir. Ozellikle, belirli bir denim isleme rotasi igin
kullanilan proses modifikasyonlarinin ve bitiinlesmis teknolojilerin istenen su azaltma hedefine ulasilip
ulasilmadigini belirlemek i¢in 6nemli bilgiler sunar. Bu tiir bir yazilim, giysi terbiye endiistrisinde gevresel
etkinin degerlendirilmesi ve stirdiiriilebilir uygulamalarin tesvik edilmesi agisindan son derece degerli bir
ara¢ olarak kabul edilmektedir. Jeanologiamin EIM yazilimi, sektdrde ¢evre dostu ve siirdiiriilebilir
uygulamalarin benimsenmesine yardimci olacak 6nemli bir adimdir.
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8. KARBON AYAKIZi

2021 kasim ayinda Glasgow’da diizenlenen 2021 Birlesmis Milletler iklim Degisikligi Konferansi (COP26)
ve BM iklim degisikligi raporu, karbon azaltiminin tiim endiistriler i¢in dncelik oldugunu belirtmistir. Bu
konferans ile kiiresel 1sinmayla daha hizli miicadele edebilmek icin tekstil ve moda endiistrileri igin yeni
mevzuat ve cezalarin uygulanabilecegi bir doneme girilmistir. BM Siirdiiriilebilir Kalkinma Hedefleri ile
ilgili olarak, diinya ¢apinda bulunan denim fabrikalari, iklim eylemi i¢in yenilikler gelistirmektedir.

2007°de Levi Strauss & Co., bir Levi’s iiretilen kot pantolonunun pamuk tohumundan ¢&p sahasina kadar
cevresel etkisini degerlendirmek i¢in bir LCA ¢alismasi yapmustir. Bu ¢aligma, tiriinlerin ¢evresel etkilerini
degerlendiren, dogada dinamik ve uygulamaya gegcirilebilir bir yontem olan E-degerlendirme fikrini
gelistirmistir. Bu yontem, birincil verilere dayali yasam dongiisii tabanli olarak tasarlanmigtir ve iiriinlerin
cevresel etkilerini tespit etmek ve anlamak igin kullanilabilir. E-degerlendirme, gerc¢ekei sonuclar elde
etmeyi ve cevresel etkileri etkili bir sekilde azaltmayi hedeflerken, ¢evre dostu {irlin tasarimi ve
siirdiiriilebilir iiretim siireclerinin tegvik edilmesine katki saglamaktadir. Degerlendirme yaklagiminin
amagclari, tasarimcilara ve gelistiricilere daha siirdiiriilebilir iriinler tiretmek i¢in bilgi saglamak ve iiriinlerin
cevresel iyilestirme iddialarini desteklemek icin bilimsel bir yontem saglamaktir [86]. Perakendeciler,
kaynak bulma ve nakliye gibi en yogun siireglerini tekrar elden gegirerek bu talepleri karsilayabilmek adina
yalnizca 6nceden siparis edilenler lizerinde iiretim gerceklestiren ve fazla envanterden kaynaklanan israfi
en aza indiren bir 6n siparig plani baglatmiglardir. Levi Strauss& Co. Firmasi teslimatla iligkili bu stratejinin
hem g¢evresel hem de finansal faydalarinin oldugunu ortaya koymustur [87].

Siirdiiriilebilir denim {iretim proseslerinin gerceklesebilmesi i¢in denim iiretim proseslerinin karbon
emisyonlariin tespit edilmesi gerekmektedir. Crystal International Group Limited, tiim diinyada tek bir
denim irilinliniin karbon emisyonlarin1 izlemek icin bir karbon ayak izi hesaplayicinin beta testini
yiiriitmektedir. Sirketin vizyonunda, sifir karbonlu kot pantolon tasarlamaya ve iiretmeye, oncelikle iretim
siireglerinin ¢evresel etkilerinin 6l¢iilmesi, tanimlanmasi ve degerlendirilmesine odaklanmak, ardindan bu
verileri seffaf bir prensip ile gorsellestirmektir. Karbon ayak izini diisiirmek, siirdiiriilebilir ham
malzemeleri gelistirmeyi, moda dongiiselligi i¢in farkli kapali dongii ve ileri doniisiim projeleri lizerinde
caligmayi, dijitallesmeyi amaglayan, is birlikleri de dahil olmak iizere genis bir c¢alisma alanim
kapsamaktadir. Uriin Karbon Ayak izi (PCF), bir iiriiniin hammaddeden iiretime, dagitima, kullanima,
bertaraf veya yeniden kullanima kadar tiim yasam donglisii boyunca meydana gelen toplam karbon
emisyonlarin ifade eden bir dlgiittiir. PCF, iirliniin ¢evresel etkisini degerlendirmek i¢in kullanilan 6nemli
bir gostergedir ve iiriinlerin karbon salimimi ve iklim degisikligi {izerindeki etkisini analiz etmek igin
kullanilan 6nemli bir aractir. Bu bilgi, iriinlerin siirdiiriilebilirligini degerlendirmek ve karbon ayak izini
azaltmak i¢in stratejiler gelistirmek i¢in 6nemli bir temel saglar. Denim ceketin endiistriyel karbon ayak
izinin incelendigi bir ¢alismada, her bir kot ceket pargasinin karbon ayak izi emisyonunun 1,75 kg CO»
oldugu bulunmustur. En biiylik karbon ayak izinin, kesim isleminin neredeyse iki kat1 olan, dikis isleminde
oldugu tespit edilmistir. Bu nedenle, dikis siirecinde {iretim hattin1 optimize ederek, yiiksek enerji verimli
isleme ekipmani ve temiz enerjiyi benimseyerek, denim giysilerin endiistriyel karbon ayak izini daha ¢ok
azaltabilecegi 6n gorilmiistiir [88].

9. ENDUSTRI 4.0 VE DENiM ENDUSTRISI

Denim sektorii, otomasyon teknolojisinin entegrasyonuyla birlikte, daha diisiik maliyetler, artan ¢eviklik
ve gelismis tiretim verimliligi ile nitelikli ve 6lgeklenebilir tiretime sahip olma imkani elde etmektedir. Bu
teknolojik ilerlemeler, sektorde daha temiz ve daha siirdiiriilebilir iiretim yontemlerini tesvik ederken, aym
zamanda daha modern ve verimli bir iiretim ortami sunmaktadir.
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Giysi iretiminde belirli bir seviyeye kadar otomasyon olsa da robotlar hala bastan sona giysi dikme
konusunda insanlarin yeteneklerini tam anlamiyla yerine getirememektedir. Bu nedenle denim iireticileri,
hala iyi el ve gdz koordinasyonuna sahip insanlarin katkisini1 gerektiren iiretim siireclerini yiiriitmektedir.
Giyim liretimindeki komplekslik ve degiskenlik, insan becerilerinin hala vazgecilmez oldugu bir alan olarak
kalmaktadir. Ancak teknolojik gelismeler ve otomasyonun ilerlemesiyle birlikte, ileride giyim sektoriinde
de robotlarin daha fazla rol almas1 beklenmektedir. Ancak, otomasyon ekonomik uygulanabilirlik i¢in ¢ok
onemlidir. Denim sektoriinii kolaylastirmak i¢in insanlarla robotlarin ayni ¢caligma alaninda tiretim yaptigi
yontemler iizerinde calisiimaktadir. Ornegin otomotiv sektdriiniin gittigi calisma metotlarindan
yararlanilarak bir teknoloji sirketi, iki robot ve sekiz lazerle donatilmig bir bitirme sistemi olan Handman’i
yakin zamanda piyasaya tanitmigtir. Sistem, iki kisinin kotlar1 askiya yiiklemesini veya robotlar ile i birligi
yapmasini gerektirmekte ve sonugta sifir atikla 24 saatte 10.000 bitmis kot pantolon elde edilmektedir [89].
Buna benzer olarak Saitex USA, endiistri 4.0 odaginda yar1 otomatik bir fabrikaya sahiptir. Diinyada sadece
2 taneden biri olan tek parga kesen ve ayni zamanda kuru islemi de yapan devasa lazerlere sahip olan firma,
bu hat ile bir giinde 3000 farkli giysi kalibinin ¢ikarilabildigini iletmektedir. Sahip olduklart hiz ile
miisterilere ¢ok hizli doniis yapabilmektedirler. Lazer otomasyonuna gecisle birlikte 40 ile 50 kisilik bir
personel kazanci oldugunu, maliyetleri diisiirmesi ve tekrarlanabilirligi arttirmasi ile siirdiiriilebilir bir
uygulamalardan bir tanesidir [90]. Yikama ve kot terbiye kisimlarinda genellikle insanlar tarafindan yapilan
ve dumanlarin yutulmasina sebep olan piiskiirtme isleminin robotlar tarafindan otomatik sekilde
yapilmasiyla calisma sartlarinda iyilestirmeler saglanmistir. Uretim siireclerinde otomasyona gegis,
iiretkenligin artmasina ve ¢aligma sartlarinin iyilesmesine yol agacaktir.

"y B N :

‘Sekl 17. Saitex’in Amerika’da bulunan fbrikas1 ]

10. METAVERSE VE DENIM ENDUSTIRISI (METAVERSE AND DENIM INDUSTRY)

Metaverse kavraminin hayatlarimiza girisi, teknolojinin yardimiyla farkli bir evrene kapi agma olanagini
sunmaktadir. Bu durum, sektoriin daha siirdiiriilebilir ve dijital bir yapiya kavusmasina yonelik
teknolojilerin uygulanmasini ve firmalarin metaverse evrenine gecis yapmalarini tesvik etmektedir. Bu
siirecte, sirketlerin sorumluluk sahibi bir sekilde hizmet sunabilmeleri i¢in tiiketicilere odaklanmalari
gerekmektedir. Metaverse evreni, yenilik¢i ve etkilesimli bir platform olarak igletmelere ¢esitli firsatlar
sunmaktadir ve bu platformda siirdiiriilebilirlik ve dijitallesme stratejilerinin bir araya getirilmesi, gelecegin
basaril1 isletmeleri icin dnemli bir adim olarak degerlendirilmektedir [91]. Uretilen iiriiniin siparisten teslim
stiresine kadar olan siire¢, firmadan firmaya bir ay ile bir yil arasinda degisebilmektedir. Alicilar ve
tiketiciler, istedikleri iiriinleri hizli ve etkili bir sekilde belirleyip gérmeyi talep etmektedirler. 3D
prototipler ve veri yonetimindeki gelismeler, bu talebi karsilamada 6nemli bir rol oynamaktadir. VR
destekli siiriikkleyici deneyimler sayesinde, tasarlanan kotlar ve g¢esitli sanal moda parcalari sanal
showroomlarda incelenebilir hale gelmektedir. Bu teknolojiler, siirecin hizlandirilmasina ve tiiketicilere
daha hizli ve gercekei bir deneyim sunulmasina yardimci olmaktadir. Sanal showroomlar, tiiketicilerin
iiriinleri daha yakindan tanimalarini ve dogru se¢imler yapmalarini kolaylastiran yenilik¢i bir yontem olarak
one ¢ikmaktadir. Bu sayede, giyim sektorii hem hizli taleplere yanit verme yetenegini artirirken hem de
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daha siirdiiriilebilir dijital ¢dziimlerle miisteri memnuniyetini artirmaktadir [92]. Uretim kaynaklarindaki
bir¢ok baslikta tasarruf edilmesine, ¢evreye daha az karbon salarken daha verimli siire¢lerin yiiriitiilmesine
On ayak olmaktadir. Diesel, gelistirdigi teknoloji ile satin alim siirecinde kullanicilara {iriiniin ii¢ boyutlu
sekilde incelenmesine imkan veren bir program iizerinde ¢alismaktadir.

Sekil 18. Diesel’in 3D tasarimli web sitesi [93]

Tommy Hilfiger ve Calvin Klein’in sahibi PVH Corp., fiziksel numunelerin tiretilmesiyle iligkili maliyetin
ve israfin azalmasina olanak taniyan, 3D tasarimda ilerleme kaydetmistir. 3D tasarim girisimi Stitch 3D’yi,
holding disindaki markalarin dijital tasarim yeteneklerini Ol¢eklendirmesine yardimci olmak igin
genigletmis, yalnizca bir sezonda dijital tasarim siirecleri ile, FedEx ve postalama kumas 6rnekleri ya da
giysiler arasindaki kurye iicretlerinde 1 milyon dolarhik bir tasarruf saglamuslardir. Uriinlerin yasam
dongiilerinin (LCA) blockchain ve bulut hizmetleriyle birlikte olusturulmasi, dongiisel ve geri doniisiimlii
denim iretilmesinde kilit rol oynamaktadir. Teknolojinin hizli bir sekilde iiretim hatlarina entegre
edilmesiyle, sektoriin daha hizli, daha siirdiiriilebilir ve tiiketiciler ile daha baglantili olacagi &n
goriilmektedir.

ER o _ola o

- o =
Sekil 19. VStitcher 3D tasarim platformu

11. DENiIM GERi KAZANIMI

Yan iiriinlerin ve atik akiglarinin kullanilmayan potansiyelinden yararlanmak, dongiisel ekonominin 6nemli
bir pargasidir. Al-yap-atik tiiketim kaliplarindan uzaklagtigimiz, iriinleri ve malzemeleri uzun siire
kullanimda tuttugumuz bir ekonomi i¢in metafordur. Tekstil atiklarindan tekrar tekstil materyalleri tiretmek
iizerine caligmalar oldukca yogunlasmis durumdadir. Tiiketim Oncesinde ve sonrasinda ¢ok fazla tekstil
atig1 ¢ikmasi sebebi ile bunlar atmak yerine yeniden kullanmak gerekmektedir. Bununla birlikte, elyaf
karigimin1 ayirmanin zorlugu ve diger teknolojik zorluklar nedeniyle, geri donistiiriilen bu tip tekstiller
heniiz kolay temin edilememektedir [94]. Denim iiretiminin karsilastig1 en biiyiik sorunlardan biri, biiyiik
miktarlarda tiretilmesi ve bunun da biiylik miktarlarda elden ¢ikarilmasiyla sonuclanmasidir. Bertaraf edilen
kot kumas genellikle yakilmakta veya ¢opliiklere atilmaktadir. Giyim endiistrisinin daha ¢evre dostu olmasi
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icin dongtisel hale gelmesi gerekmekte, bu da geri doniisiimden elde edilebilmektedir. Ancak su anda giyim
endiistrisi dairesel olmaktan ¢ok dogrusaldir. Bu, iiretim veya imalat asamasindan ve giysinin
tilkketilmesinden sonra, genellikle atilmasi olarak agiklanabilir. Dongiisel tiiketimin ek bir agamasi olan geri
doniisiimde, dongiisel bir siire¢ vardir. Dongiisel tiiketim, {iriinlerin kullanim émriiniin sonunda atik olarak
degil, kaynaklarin tekrar kullanilmasi veya geri kazanilmasi igin bir dongii iginde yeniden
degerlendirilmesine dayanir [95].

Geri doniisiim genellikle parcalama yoluyla yapilir, bu hem ekonomik hem de ekolojik olarak daha
faydalidir. Bu, giysiyi daha sonra parcalara ayirarak elde edilir. Yiiksek kaliteli bir geri doniisiimde ise,
parcalar lif olarak yeniden kullanilabilir bu lifler ve yeni liflerle birlikte, daha diisiik kaliteli tiriinlerin
tretimi yapilabilmektedir [96]. Diisiik kalite, geri doniistiiriilmiis giysinin aginmasindan ve yipranmasindan
kaynaklanmaktadir. Geri doniisiim siirecinde giysinin tiim parcalar1 kullanilmamaktadir, kullanilan parca
sayist oldukea azdir. Giysi lizerinde metalden yapilmis fermuarlar ve diigmeler gibi geri doniistiiriilemeyen
belirli parcalar bulunur. Deri veya suni deriden yapilmis etiketler, dikilmis bir kot pantolonun geri
doniisiimiinii zorlagtirmaktadir. Sadece kumag parcalar1 geri doniistiiriilebilir. Denim iiriinlerin konutlarda
yalitima geri doniistiiriilmesi daha yaygindir. Yukarida bahsedildigi gibi, giysilerin geri doniistiiriilmesiyle
ilgili temel zorluklardan biri, genellikle farkli tiirde malzemelerle karistirilmis olmalaridir.

11.1 DiGgmeler, Fermuarlar, Jakronlar

Talep ve endiistri capinda daha etik liretim cagrisiyla hareket eden moda markalari, vegan giysi ve
aksesuarlari iirtinlere tagiyarak tiiketiciye sunmaktadir. Deri benzeri goriiniimii ve dayanikliligi ile bilinen
Jacron, yaygin bir deri ikamesi iken, diger alternatifler genellikle Petrol bazli poliiiretan (PU) veya polivinil
kloriir (PVC) gibi sentetik malzemelerden yapilmaktadir. Fosil yakitlardan tiretilen bu alternatifler biyolojik
olarak parcalandiklarinda, ciddi ¢evresel tehdit olusturmaktadir. Sekt6ér, sorumlu vegan alternatifleri
icerisinde, Global Recycle Standard (GRS), Ocko-Tex, FSC ve Global Organic Textile Standard (GOTS)
gibi endiistri tarafindan taninan sertifikalar tarafindan onaylanmus {riinleri denemektedir. Ananas derisi,
elma kabugu, mantar, organik kumaslar ve kirectasindan agaglara kars1 yapilan bir kagit olan tas kagit, bu
alternatiflerden bazilaridir. Turteks Etiket zeytin atig1, kaktiis yapraklar1 ve musir bazli PU’dan yapilan
yamalar da dahil olmak tizere, organik malzemelerden elde edilen deri ve boya alternatiflerini denemektedir
[97]. Vegan kot pantolonlar, giizel bir pazarlama imkani tanimasiyla birlikte, 6zellikle dongiisel kotlar
piyasaya siirmek i¢in endiistri ¢apinda bir ¢aba olan Ellen MacArthur’un Jean Redesign projesiyle uyumlu
yeni koleksiyonlari olusturmaktadir. Blue of a Kind ve H&M gibi bazi firmalar dairesel kot pantolonlarinda
jakron kullanmayarak geri doniisiimii de kolaylastirict hamlelerde bulunmuslardir. Tommy Jeans gibi diger
firmalar, Jean Redesign koleksiyonlarinda jakronlarda lazer baski kullanarak siirdiiriilebilir denim pargalari
elde etmektedir.

Maddesel siirdiiriilebilirlik, birgcok markanin ele almaya c¢alistigt 6nemli bir konudur. Maddesel
stirdiiriilebilirlik, iirinlerin tretiminde kullanilan malzemelerin c¢evresel etkilerini minimize etmeyi ve
dogal kaynaklarin verimli bir sekilde kullanilmasini saglamayi amaglar. Bu konu bir markanin ¢evresel

92



ALKU Fen Bilimleri Dergisi 2023, Say1 5(2): 72- Denim Endiistrisinde Stirdiiriilebilirlik ve Déngiisel Ekonomi
99

performansint ve topluma olan sorumlulugunu gosteren énemli bir gostergedir. Siirdiiriilebilir malzeme
kullanimiyla birlikte markalar, ¢evre ve toplum i¢in daha olumlu bir katki yapmay1 hedeflerken, aym
zamanda tiiketicilerin tercihlerinde de Onemli bir etkiye sahip olabilirler. Bu nedenle, maddesel
siirdiiriilebilirligin giderek daha fazla 6nem kazandigi ve markalarin bu alanda daha fazla caba sarf ettigi
gorlilmektedir. Dolayisiyla odak noktalarinin biiyiik bir kismu 6zellikle denim kumasin siirdiiriilebilirligi
iizerindeyken, kiiciik parcalarin bu siirece etkisi aslinda oldukca biiyiiktiir. Fermuar seritleri, diigme,
cakmalar icin geri doniistiiriilmiis malzemelere ilgi artmistir. YKK’nin ¢oéziimlerinden biri, geri
dontstiiriilmiis polyester banth klasik bir metal denim fermuar olan Natulon 3Y fermuarlardir. Geri
donistiirilmiis ipligin  kullanimi, islenmemis polyesterden yapilmis bir iplige gore, sera gaz
emisyonlarinda yiizde 51°lik bir azalma saglamaktadir. Organik pamuklu bir bant, miisterilere petrol dis1
bir tekstil secenegi sunmaktadir. YKK, su tiiketimini azaltmak isteyen miisteriler i¢in fermuar seritlerini
boyarken, su yerine siiper kritik karbondioksit kullanan susuz bir boya ¢6ziimii olan Eco-Dye’1 da
sunmaktadir.

NATOLON®
|

N | (]
Like many of our other NATULON®

products, the zipper tape and teeth
are made from recycled PET bottles

Sekil 21. YKK Natulon gizli fermuar [99]

YKK’nin ¢evre dostu metal kaplamalari, su ve elektrigi koruyan ve sera gazi emisyonlarini azaltan,
stirdiiriilebilir bir kaplama teknolojisi olan AcroPlating ile elektro kaplamaya diisiik etkili bir segenek olarak
sektore sunulmustur.

'.'m') YIRS ) Y& ) \ ¥ (<>
Ners NCPG TS s
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Sekil 22. YKK acroplantig bitirme teknolojisiyle tiretilmig diigmeler [100]

Fransiz diigme tedarikgisi Dorlet firmasinin gikarttigi Wild Journey koleksiyonu, yiizde 100 yeniden
kullanilabilir, ¢ikarilabilir ve geri doniistiiriilebilir Jean diigmesi olan Diabolo’yu ve kimyasal icermeyen,
fabrikanin yakinindan toplanan yiizde 25’ten fazla tiiketici sonrasi atikla yapilan iriinleri igermektedir.
Metal perginler, baslangicindan bu yana klasik blue jean tasariminin bir pargasi olmasina ragmen
(baslangigta asinma ve yipranmadan etkilenen noktalar1 giiglendirmek i¢in kullanilmaktaydi) denim
giysilerin geri doniistiiriilebilirligi konusunda bir ¢ekisme noktas: haline gelmistir. Geleneksel metal
perginlerin geri dontisiim islemleri sirasinda ¢ikarilmasi zordur ve ekstra zaman ister. Sonug olarak, kotun
iist kumasimin daha biiylik pargalar1 kesilmekte ve atik olarak ¢cope atilmakta veya yakilmaktadir. Jeans
Redesign, metal percinlerin giysi tasarimindan tamamen ¢ikarilmasini (veya minimuma indirilmesini)
tesvik etmekte, tehlikeli atiklar ve atik su {iretebilecek metal kaplama islemi olan geleneksel elektro
kaplamay1 yasaklamaktadir. Kurallar1 karsilamak i¢cin H&M ve Tommy Hilfiger gibi markalar, dongiisel
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bir jean’in daha uzun bir 6miir icin ihtiya¢ duydugu giicii ve dayaniklilig1 saglamak i¢in dikise giivenerek,
imza niteligindeki jean triminden vazge¢mistir.

Denim geri kazanimi ve geri doniistimii i¢in yenilikgi yaklagimlar denenmektedir. Bu yaklagimlar, giyim
endiistrisindeki siirdiiriilebilirlik cabalarinin bir parcasi olarak degerlendirilmektedir. Aralik 2020°den beri
Isvecli denim markas1 Nudie Jeans, AB tarafindan finanse edilen dairesel hizlandirict SwitchMed’in bir
pargast olarak, Birlesmis Milletler Sinai Kalkinma Orgiitii (UNIDO) ile calisarak, ikinci kalite kot
pantolonlar1 geri doniisim programu ile tekrar pazara sunulabilir hale getirmektedir. Renksiz yikama,
tutarsiz dikisler gibi hafif kusurlar1 diizelttikten sonra, Nudie Jeans magzalarinda ve internetten ¢evrimigci
olarak satisa sunulmaktadirlar.

Hiut Denim Co. Sifir atik prensibi ile en diisiik etkiye sahip kotlar1 iiretmeye yonelik hareket ettikleri
‘Landfill Dropout’ serisini piyasaya siirmiistiir. Marka stok denimden kesim atiklarini toplamakta ve
bunlari, kemer, cep ve bacak paneli gibi segmentlere goze diizenlemektedir. Ardindan tasarimcilar parcalari
bir araya getirerek sinirli sayida oOzellestirilmis vintage Levi’s 501 kot pantolon ve kurucu Hillary
Taymour’un neseli tasarim yaklagimini yansitan ¢ok renkli, elle sablonlanmis yildizlarla siislenmis Levi’s
Trucker ceketler sunmaktadir. Sirket, miktar yerine kati bir kalite politikasina bagl kalmaktadir ve haftada
100 giftten fazla kot pantolon iiretmemektedir.

Bir kot giyim firmas1 olan Mud Jeans, miisterilerine trtinlerini 1 yil siireyle kiralamalari i¢in aylik ticret
O0demeyi teklif etmektedir. 12 ay sonra tiiketici kot pantolonu iade edebilmekte, yeni bir modelle
degistirebilmekte veya saklayabilmektedir. Sirket, yeni iiriinler iiretmek i¢in iade edilen kotlar1 yikayarak
veya iade edilen kumaslar1 yeniden kullanarak "Vintage" basgligr altinda miisterilere yeni iirlinler sunar.

Cotton Incorported, #denimstackchallange isimli bir sosyal girisimi tesvik ederek, Blue Jeans Go Green
kampanyasini 2006 yilindan beri diizenlemektedir. Blue Jeans Go Green programi, yiiksek pamuk
iceriginden yapilmis eski kotlar1 toplar, orijinal elyaf formuna geri doniistiirerek bina yalitimi, termal
ambalaj yalitimi, evcil hayvan yatagi gibi kullanigli iiriinlere doniistiirmektedir. 2006 yilindan itibaren 1.950
tondan fazla denim ¢opliikklerden uzaklastirilmis ve 3.900.00’den fazla denim geri doniistiirilmiistiir.
Cotton Incorporated’in Blue Jeans Go Green programina katilan tiiketicilerin %801, katildiklar1 anketlerde
daha siirdiiriilebilir ve ¢evreye duyarli olmalarina katki sagladiklarini iletmiglerdir. Program, tiiketicileri
eski yipranmis pamuklu kot pargalarin1 programa dahil olan perakende firmalarina birakmaya
yonlendirmektedir. Magazalarda aligveris yapanlara, genellikle bir sonraki denim iriiniinii satin almalari
icin kampanyalar sunmaktadirlar [101].

i.:r

Sekil 23. Blue Jean Go Green kampanyast [101].@

12.SONUC VE TARTISMA

Denim sektorii ile iirlinlerin kendileri de daha siirdiiriilebilir hale gelmekte ve birgok sirket daha kiigiik
cevresel ayak izi i¢in ¢aligsmalar yiriitmektedir. Yiikselen pamuk fiyatlar1 ve iklim krizinin etkisiyle artan
stirdiirtilebilirlik endiseleri, alternatif segenek arayisina yonlendirdiginden, pamuk alternatifleri gittikce ilgi
odag1 olmaktadir ve yakin gelecekte bu ilgi ciddi ticari boyutlara ulagacaktir. Kenevir, liyosel ve tencel gibi
cevre dostu liflerin maliyetlerinin daha uyumlu hale gelmesiyle, siirdiiriilebilir malzemelerin, tiiketiciler
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icin daha ¢ekici hale gelebilecegi tahmin edilmektedir. Bu malzemelerin konfor ve kullanim avantaj1 gibi
ek ozellikleri iizerinde de ¢alismalar yiiriitiilmektedir. indigo boya harici alternatif dogal boyali denimlerin,
gelecekte umut vadeden bir potansiyeli bulunmaktadir. Dogal boyalarin farkli versiyonlari yine bu
kapsamda ticarilestirilmeye calisiimaktadir. Tedarik zinciri boyunca karbon ayak izini azaltmaya yonelik,
Endiistri 4.0 uygulamalar1 ile daha seffaf ve siirdiiriilebilir bir iiretim yontemi igin ¢alisilmaya devam
edilmesi gerekmektedir. Endiistri 4.0 ile iiretim sirasinda agiga ¢ikan hatalarin daha sistematik ¢caligmalarla
giderilmesi ve boylece daha az hata ile stirdiiriilebilir bir tiretim ag1 kurulmasi miimkiin olmaktadir.

13.TESEKKUR

Maritag Denim A,S’ye caligma siirecinde katkilarindan dolay1 tesekkiir ederiz. Caligma sirasinda yakin
zamanda vefat eden Yasar Sobaci’nin anisina.
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