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1. INTRODUCTION

When we look at the history of human culture, it is seen that the search for
energy has come since existence. With the discovery of fire, the energy obtained
by the combustion reaction of wood was used as a heat source in heating and
meeting many energy needs such as cooking. Later, in modern times, James
Watt's steam engines played an important role in industrialization, converting
fossil fuels such as coal, natural energies, into usable energies. The ability to
transform existing energy into usable energy has helped human beings become
richer both economically and scientifically and lead a more luxurious life (Yildi-
rim., 2022). Today, energy has become necessary for many basic needs of huma-
nity, from transportation to lighting, from communication to feeding and heating.
The fossil fuels used in this transformation are still used as a primary energy so-
urce in today's world. However, the trend of depletion of fossil fuels is increasing
day by day. While the reduction of these resources is a major energy problem in
the world, the CO gas released during the conversion of these resources into
usable energy also triggers environmental pollution and global warming.

According to the data of the National Energy Agency (IEA), coal demand
experienced the biggest decrease with a decrease of 4% since World War 11, with
the measures taken during the Covid-19 period . (IEA, 2021) However, in 2021,
it is expected that as the economy recovers, it will reverse the decline in coal
demand in 2020 and exceed coal demand in 2019 with an increase of 4.5% (IEA,
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2021). Likewise, due to the increasing shortage of natural gas and coal in crude
oil, oil prices have been scaled to the highest levels of several years.

The common view of all these researches is to increase the use of renewable
energy sources and to develop these technologies. In this year's report on re-
newable electricity by the IEA, global renewable electricity capacity is expected
to reach over 4,800 GW by 2026, an increase of over 60% from 2020 levels. The
capacity is equivalent to the combined available total global power capacity of
fossil fuels and nuclear power. Renewable energy is expected to account for al-
most 95% of the increase in global power capacity by 2026, with photovoltaic
(PV) cells alone providing more than half. The amount of renewable capacity
added in the period 2021 to 2026 is expected to be 50% higher than between 2015
and 2020. This is due to stronger support from the policies of governments sup-
porting renewable energy and the more ambitious clean energy targets announced
before and during the COP26 Climate Change Conference (IEA, 2021).

Solar energy stands out among renewable energy sources due to its features
such as being accessible all over the world, being clean and sustainable. The solar
energy falling on the world is about 36 x 1017 kWh, and the current world con-
sumption is about 0.5 x 1014 kWh per year (Muratoglu and Yuce, 2015). PV
cells have been invented to convert some of this energy from the sun to a usable
energy source such as electricity. Today, 90% of the PV cell market consists of
Si-based PV cells, while the remaining 10% is thin-film PV cells. The biggest
disadvantage of Si-based solar cells is their high cost, low optical absorption co-
efficient (<104 cm1l) depending on their thickness, and the use of more than one
hundred materials (Poortmans and Arkhipov, 2006). For this reason, scientists
are trying to produce more energy and increase the efficiency value by using less
material by using thin-film solar cells. When looking at the thin-film solar cells
that are commercially available today, it is seen that the maximum efficiency va-
lues obtained in CdTe, Cu(In,Ga)Se2 (CIGSe) and amorphous Si-based solar cells
are over 20% (Jackson et al. 2016), ( https://www.greentechmedia.com), (Naka-
mura et al., 2019). With the CIGS solar cell, the world record in the laboratory
environment was increased to 29.1% (Solar cell efficiency,Martin A. Green)
However, In (Indium), Ga (Gallium) and Te (Tellurea) in the structure of CIGS
and CdTe are rare elements in the earth's crust and Cd (Cadmium) is toxic ele-
ments.

The CZTS quaternary compound semiconductor has recently been considered
as an alternative to CIGS absorber layers, due to its favorable optical absorption
coefficient (>10* cm?), ideal band gap (1.5 eV), and non-toxic elements that are
abundant in the earth’s crust. (Wolden et al.,2011), (Wang et al. 2021). Although
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there have been intense studies on CZTS and CZTSSe-based thin-film solar cells
in recent years, it is seen that the efficiency values are far below the theoretical
limit value and there is still a big performance difference between CZTS-based
CIGS-based solar cells. This is thought to be largely due to the fact that CZTS-
based cells have a larger open-circuit voltage gap (Giraldo et al.,2019). In cases
where the necessary pressure and temperature range for CZTS formation is not
established, many side phases (SnS, ZnS, CuS, CTS, etc.) occur.

Atomic force microscopy (AFM) is one of the most important tools used to
explore materials at the scale of a few nanometers, a technique used for surface
characterization. It gives surface images without any chemical etching or stai-
ning. The unique feature of this technique compared to other microscopy tech-
niques is that we can examine its mechanical properties and it does not involve
the use of surface-damaging electron beam radiation.

A scanning electron microscope (SEM) is a type of electron microscope that
obtains images by scanning the sample surface with a focused beam of electrons.
Electrons interact with atoms in the sample to produce different signals that con-
tain information about the topography and composition on the sample surface.
These signals are collected by the relevant detectors and transferred to the com-
puter screen and an image is obtained.

The presence of EDS capability with the SEM device is crucial for the quali-
tative and quantitative analysis of any sample. In the absence of EDS, only infor-
mation about the surface topography of the sample can be generated via SEM.
The two most powerful features of SEM imaging are secondary electron imaging
and backscattered electron imaging. Understanding the working principle of both
features is essential to have a complete understanding of how the SEM device
works. SEM is characterized by its easy use. The person who has this knowledge
can be able to perform the analysis and get smooth imaging.

In this study, the surface morphology of the film obtained by substituting Si
instead of Sn in CZTS thin films was examined by atomic force microscope and
scanning electron microscope.
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2. MATERIALS AND METHOD

The coating process is carried out using pre-cleaned glass substrates with di-
mensions of 26x76 mm. In order to prepare a semiconductor that is close to ideal,
it is recommended to clean the semiconductor very well chemically. In the case
of a good cleaning process, many surface defects that may occur in the semicon-
ductor will be eliminated. All chemical cleaning and rinsing processes of the sem-
iconductor are carried out in an ultrasonic bath in order to clean the dirt on the
crystal surface and remove the roughness on the surface. In this study, the clean-
ing of glass substrates was carried out by applying the RCA procedure.

In this study, CZTS:Si thin films were deposited on glass surfaces by spin
coating method, then annealed and characterized under 40 ccm H.S: Ar (1:9)
flow. As Cu, Zn, Sn and Si sources, 0.08 M Copper chloride (CuCl2), 0.04 M
Zinc chloride (ZnCl2), 0.04 M tin (1) chloride dihydrate (SnCI2.H20), 0.04 M
Silicon isopropoxide solutions were used. During the preparation of the solutions,
after adding ZnClI2 solution to the CuClI2 solution, sufficient amount of Silicon
isopropoxide was added to the CuCl2/ZnClI2 solution and finally SnCI2.H,0 was
added. 0.1 ml of diethanolamine was added to the mixing solution and the solu-
tions were stirred for 3 hours. 0.5 ml of the mixing solution was dropped on the
glass substrates, then the glasses were rotated at 5000 rpm for 30 seconds and
then heated at 240°C for 10 minutes to form compact thin films. After repeating
these processes 10 times CupZn(Si:Sn) thin films were annealed in a high tem-
perature (550 °C) quartz furnace in H2S environment in 40 ccm H2S:Ar (1:9)
flow for 2 hours. With this method, CZSiS thin films annealed under 40 ccm
HaS:Ar (1:9) fluxes were obtained. (Aytug Ava et al., 2022)

3. FIGURES AND TABLES

The AFM and SEM images of the thin films obtained by annealing
Cu2ZnSn:SiS, films, which were deposited in 40 ccm Ar:H.S medium and at dif-
ferent concentrations (0%, 50%, 100%) under H.S fluxes, at 550 °C for 2 hours
are given. Films with 0% Si contribution in this study CZTS, films with 50% Si
contribution were named CZSn:SiS and films with 100% Si contribution were
called CZSiS. In line with the information obtained from the figures and tables
we examined, the Ra, Rq and Rz values of 2D and 3D AFM images of doped
CZTS thin films were examined. This values given in AFM analysis:

Ra: Arithmetic mean of surface roughness
Rq: Geometric mean of profile irregularities

Rz: Average roughness depth
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Figure 2. AFM image of CZSnS thin film 2D
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Figure 3. AFM image of CZSn:SiS thin film 3D
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Figure 4. AFM image of CZSn:SiS thin film 2D
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Figure 5. AFM image of CZSiS thin film 3D
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Figure 6. AFM image of CZSiS thin film 2D
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Figure 8. SEM image of CZSn:SiS thin film
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Figure 9. SEM image of CZSiS thin film

4.RESULTS

The surface roughness of doped and undoped CZTS thin films is not uniform
and homogeneous. As can be seen from the values given in the table, it was ob-
served that the particle size of the CZSn:SiS thin film annealed under 40 cc H2S
gas was very small and the surface was more homogeneous. Looking at the 3D
AFM image of the CZSn:SiS thin film, it was seen that the height of the surface
profile was 250 nm and it was smaller compared to other films. As si was added,
there was a very rapid decrease in values. As the amount of additive increased,
very small surface roughness was observed on the surface of the doped material.
As doping increased, particle size and roughness decreased. As a result, the addi-
tive showed a reduction of approximately 700% on the material. The lowest nu-
merical values of the roughness depth, the average roughness value and the geo-
metric mean of the profile irregularities were seen in the 100% doped film.

When the sections taken during the surface analysis and Ra, Rq and Rz values
are examined in detail; It has been observed that the surfaces of CZTS films ge-
nerally have a homogeneous distribution in the sections taken. CZSiS films create
a more homogeneous surface profile. It was observed that the CZTS films showed
a rougher distribution and the particle size was larger when the additive ratio dec-
reased. When the SEM images obtained were examined, it was observed that they
matched exactly with the AFM images.
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Table 1: Ra, Rq and Rz values of AFM parameters

Sample Surface Roughness (nm)

Ra R Rz
CZSnS 136.6/62.5 161.4/78.6 552.6/278.8
CZSn:SiS 72.5/101.3 92.6/135.9 337/506.9
CZSiSs 0.2/0.14 0.22/0.19 0.7/0.69

5. CONCLUSION

As a result of the studies, AFM images of doped and undoped thin films were
taken. Surface roughness values, average roughness values and profile roughness
were examined. The results are stated in the table. The results of the SEM anal-
ysis and AFM analysis overlap with each other. It was observed that the surface
profile changed as a result of the additives.
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1. INTRODUCTION

The beginning of non-Newtonian calculus is based on Grossman and
Katz [11]. They wrote the book that laid the foundations for non-Newtonian cal-
culus. Their book contains some different types of calculus such as bigeometric,
guadratic, biquadratic, harmonic calculus and is accepted as a fundamental work
in this area. Accordingly the recent literature, it is observed that interest in this
topic has increased due to applications and usefullness in wide area, see
[4,9,10,17,18,24]. Duyar et al. [8] constructed some topological properties for
non-Newtonian real axis. Also, Degirmen [7] studied non-Newtonian version of
C* algebras generalizes known C*—algebras. On the other hand, Degirmen

and Sagir [6] presented some topological and geometric features of Ip in bicomp-

lex setting with according to the non-Newtonian calculus by defining non-Newto-
nian bicomplex versions of some known topological features of sequence spaces.

There is a considerable literature on superposition operators. Dedagich and
Zabreiko [5] provided necessary and sufficient conditions for the action of the
superposition operator on the space gp. One of the contributions to the superpo-
sition operator and integrable solutions of some functional equations dates back
to Banas [2]. Sama-ae [22] and Tainchai [23] examined boundedness of superpo-
sition operators on some sequence spaces. Sagir and Giingor [19,20] studied con-
tinuity and boundedness of such operators on some double sequence spaces, and
also in [12], Giingér and Sagir obtained characterizations on double sequence
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spaces of Maddox L(p) In other studies, the authors in [13,15,16] investigated

some properties of superposition operators such as continuity, uniform continu-
ity, etc. on the various spaces.

In addition to the articles, given above for sequence spaces and superposition
operators, we refer to the standard books of Appell and Zabreiko[1] and Choud-
hary and Nanda [3].

Let () be a space of non-Newtonian real number sequences, Y, be a
sequence space on [ ], and Zﬂ be a sequence space on [ ] g. A non-Newtonian

superposition operator [ is a mapping from Y, into () defined by

N Ph(X) =(}’(m Xn))?;l when hD X ] 7] p provides condition (N%) as

follows.

(N3) }'(mC»ZOfor all Mg .
If Nﬁ)] eZﬁ for all X:(Xn) EYa , then NF?, acts from Ya into Zﬂ and it

is written as Y, —)Zg

In some cases, the function N will be deemed to meet the following conditi-
ons.

(NAZ) N(M.)is *—continuous for all Mg .

(NB) h(m.) is *—bounded on all Ct—bounded subset of (e for
every Mg [21].

Let p:(p<) be a bounded sequence of positive numbers and

Mzrrw(ilsdop(} for K& . Non-Newtonian Maddox sequence spaces are

e D)= R <t
D) =5l =0}
c.(p)={():fimx -4l 0 e,
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4
Let ”'”X:X_Ea be defined by ||)4|X=Q&kn)§(|év'j“ when

X e{gm(p),%,a(p),ca(p)}. Let d,: XXX—E o De defined as
da(X, y) =| XYy - Then 0, is non-Newtonian metric on X. Hence the non-

Newtonian Maddox sequence spaces are non-Newtonian metric spaces under the
metric induced by the function | .[y.

Let TCD o be non-Newtonian real vector space and f :T—E pbeafunc-
tion. Then T is named a *-paranorm and the pair (T, f) is a *-paranormed
space, if the following conditions are provided for all V,yel and ﬂ,EDO!.

i fT)=0irv=0
i FO-)=f()
(iii) o4y <tV +1(y).

(iv) Let (ﬂ,n) be a sequence of (X—scalars and (ym) be an
B
(f—sequence for all M&. Then f(ﬂmxymv/’ixy)—ﬁ while
a B
A and f(ymvy)—ﬂ for 1TH9C,

In addition, if =0 where f(\aZO then T is named *-total paranorm
and (T, f) is named *-total paranormed space. Every *-total paranorm space is
a *-linear metric space [3,14].

Motivated essentially by [22] and [23] in classical calculus, in this paper, we
introduce the characterizations of superposition operators from non-Newtonian

Maddox sequence spaces @w(p), Ql(p) and Co(x(p) to ¢4 5 under some hy-
potheses related to continuity of the function T . Also, we give some significant

examples providing these with respect to the special calculus such as bigeometric
calculus. Therefore, our approach carry characterizations of superposition opera-
tors and some related concepts from the recent literature in classical calculus to
*_calculus.
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2. MAIN RESULTS

Theorem 2.1: The non-Newtonian Maddox sequence space G ()is a *-

linear metric space according to the following  *-paranorm

f(x):ﬂsqugz(&)g%ﬁ )

if Inf p<>0 the non-Newtonian Maddox sequence spaces Ca(p) and

foqa( p) are *-linear metric spaces according to the *-paranorm indicated by (1).

Proof: Let XZ(X()EQ)a(p)
i) 1f X=0. itis obtained that ﬂ%ﬂqz()qg%')ﬂ =0.s0 f(X=0

Conversely, let f(X)ZO According to definition of the function T

: l()@)Z@ and so X=0.
o 10-)=p{o-x ) s P =109,

(iii) For every GUEG,(P)
fer)="pG )

<spia] e
—f('3)+f(u)
(iv) Let bﬁ—b and f(yn"'y)—Lﬁ for [1—C where
(bﬁ) is a sequence of O/—scalars and (yn) e(;)a(p) forall N&|. For

b <t
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f (yxyn —bxy) =l —bxy)(ﬂ%)ﬂ
z(q Xy, 0 xy-+) xy*bxy)(%”l)ﬂ
syl apr by

sl bsa-tf

ne]

Hence the non-Newtonian Maddox sequence space Q)a(p) is a *-linear met-

= e af of

&

ric space according to the following *-paranorm indicated by (1).

Theorem 2.2: There is the following relation between non-Newtonian Mad-
dox sequence spaces.

Qo P) A P) vl P)

Proof: Let UEQM(p) We write lmli('—a = =0 for a=0 Then
UEG,(P). Thus G P) G P).

Slnce O—convergent sequence is (X—bounded it is written that

ag.ﬂl,H @ <46C Then U—(UK)egm(p) So, the theorem is proved.

Theorem 2.3: Let T :D X a_ﬂﬂ provide the (N%)
NR s hoc\ P) 1 giff thereisa [—sequence € p foreach X—num-
t (e Y)<bs

ber ,Ll>0 such that
F(kt) < whie e <
for each K&

Proof: Suppose that N qua(p)_)ﬁ,ﬂ- Let ,U>O Let we define K(,u)
and R(k, ,U) as
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K(ﬂ)Jlt &t Su}
Rk 4)="ap|f (k) ,:teK(u);

for each KEﬂ . Therefore it is written that ‘f(k,t) ﬂSR(k, ,u) whenever

R
|ﬂ§v')a <UL Assume that there exits an Cf—number ,Lé>0 such that

(ka, ’Lé))j:l %fl 5 Then ﬁZ;R(k, ,Lé)Z-I’OQ Then there is a sequence of
positive integers M) =0<N <M, <...<N<... such that ﬂk:;R(k”Lé)>l

forall 1 €. Also there isa [—number &§ >0 such that

ﬂk:; R(K /Lé)"(ﬁ ‘“ﬂ—l)xﬁ >1 @)

Let 1 €7 be fixed. Since the function f provides the condition (N%) it is

written that 0§R(k,,£é)<+€£ when N3 +H1<K<N . There is % EK(ILé)

such that
[kx) >Rk )4 ®

by the definition of R(k,lLé) From (2) and (3), we get

1 S1F06X),2, 3 Rkse), 351

for each 1 €. Thus it is obtained that (f(k,)(()):;lgﬁﬂ Since

R
|X<|E;v')“ <t for all K&, it is obtained that (X()Egoqa(p). It be in contra-
diction with the assumption. Hence (R(k,,u))f:l E@_ﬂ. The proof is completed

taking R(k, IU)ZW
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Let X=(X<)€goqa(p). Then these exists an (—number 7/>O such

R
that |)§<|§v')a <y for every K& . According to the hypothesis, there is a [
sequence (W) E@,ﬂ such that | f(k, X()ﬂ SW for each Kaj . Then we get

o (), <2 =2 k),

Then NR(X)E@# since NPf(X)=(f(k,X()r:1 So NF,2 is a non-

Newtonian superposition operator which acts from (—Maddox sequence

space goqa(p) to [J—sequence space hp
Example  2.4: Let ¢D Xla~*]p be as  follows

p (R
k)=

/3 for every K& and for every tED o- Since for

each KEﬂ ﬂk,.)is *-continuous function, it is obtained that ¢ provides the

property (NB). since
25 {2t 1 87 (2, [ 5

it is written that
252" é((bq ) ﬂ)(f"ﬂ‘)ﬂ +5]Mg .

45
Let £>0and te), with |t|£1%)“ <UL So |l(t)£}m)ﬁ Sz(,u). Then for each
Ker,
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I 1(t) - (R)ﬂ
\¢ﬁ(k,t)ﬂ—‘2 l(%jﬂ ;i
(1, )Pes]
S )i

<‘ 2xi(1) —'t—ﬂ(ﬂM)ﬂ P
- 6

Since

) LBV
ﬂz%% +5) ﬂ:(zxm _.,_5)'\/!6 Xﬂz;é% )

3 + &M
_(2><z(;%+5) A

(2)(%—?—5)% ,Bforall Ka_| . Hence

N ng acts from (X-Maddox sequence space gm(p) to flﬂ by Theorem 2.3.

we get that (CK) € pputting G =

Theorem 2.5: Let function T ‘(]9 ]« p satisfy the condition (N%)

The non-Newtonian superposition operator NH acts from (X—Maddox sequ-

ence space Ca(p) to /)'—sequence space flﬂ iff there are ,Ll>0 and
(ag]) € p such that

[F(mt) , <ap Were |H@“)a <L
for each M&"] and for each V& |,

Proof: Let X:(Xn)ECb,(p) Then a{umxn*qgf“)“ =C for an ag,.

By the hypothesis, there are O0>0and (C%) efl B such that
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(%)
F(mt) ,<cp Wee t-8" <5 (0
for each M&7. Since “rlj[gxn—ag”“)a ZC there is a g with

Fn
|xn—arff“)a <M forall MY . Hence |Xn—3rgm)“ <O. From (4), it s found

DAIRAEAYEN IS YIS

Then ﬂgf (mxn)ﬂ<-|‘00 It is found that NP (X) Epp since
N B (X)=(f (m){n)):;:l Therefore we get P Qz(p)_)@,ﬁ
Conversely, let NP Qz(p)—)@ﬁ and V&), for each ,U>0 and for

each M, we describe
K =fte -k <ud
L(m)="sp{f(mt), t ey}
Then it is written that | (ML), <L(M £ whenever - < v
enough to show that “Mxn*\/[(ap")“ZO o—number E>0 such that

(L(mf))ﬁ:l €15 On the contrary, we consider that (L(mlu)):;l & p for
all ,Ll>0 So, for every Ng7, ﬂEIJ_(mg_n)“)ﬁI-TOC. Therefore a sequ-
=

ence of positive integers Ky =0<k <k <...<K <... such that
B g L(mg_n)“)>1 for every g7 . Also there is an &, >0 such that
-1
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ﬂm; L(m 3*‘%)-(% —Kﬂ)xr% >1 )

Let & be fixed. It is obtained that OSL(mg_n)“)<-TOC forall Mg
with KF1+]SmSK1, since f satisfies the property (N%) So there is a

Xn EK(V,::)H)“) such that
F(mx,) >L(m3“)“)*<%- ©)

By (5) and (6),

ﬂmz;l‘ f (m Xn) i >ﬂmZ;l L(m 3k )*ﬂ”;&] >1

for NG§7]. Therefore it is obtained that (f(mxn));’;lezﬁﬁ. Since
fn
XT]EK(V,an)“) with K 4 HI<M<K  we have |Xﬂ-\4§v')“ <F% and

|Xn-—\4(ap“)”‘ <F M <F e 1y amxnvw(ap“)a =0 and (Xn) EQx(p) :

This is a contradiction. So there is a §>O such that (L(mg)):;l € s Hence
we complete the proof by putting C%:L(mf) for all maj .
Example 2.6: In bigeometric calculus, O—=&XqJ and /fZOC let

(3
h:D X% p satisfies ( )—%k—l)fﬁ for every K& and for

L
every tﬂ]a Then N1 —7 and l‘(k,t)Ze‘Bfk:];r since N(K,.) is bi-

geometric continuous function for all KQT , N satisfies the property (N%)

K
Let take any V>0 and let T€7" with |t--\4glv')“ <UL Let p=& Since
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B )
|tv\4&M)a :éw <@, it is obtained that |Int—In\[% <1 Therefore we
write |Inq1%‘| S1—|-||n\,{ and also ||m]39‘ S(l—H'ﬂ\{)N For each K&

h(kt) , :@ﬁ Ines geﬁlié‘ryﬁ
M
and g/ fli;,”%ﬁ = ﬁlﬂ%ﬁ Hence choosing (Q():emIrM

all Kg 7, we get that R Ca(p)—%ﬂ by Theorem 2.5.

Since Coa(p)CCa(p) the following result is obtained by taking
V=0 in Theorem 2.5,

Corollary 2.7: Let function f :D >ﬂ] a—ﬂlg satisfy the condition (Ncﬁ)
.Then yB :Q),a(p) —>p iff there are G>0 and (U<) € such that

Eﬁﬁ for

f(kz) , <y wrerewr ME%)“ <6

for each K €.
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1. INTRODUCTION
1.1 Natural dyes

Natural dyeing application started in all cultures 15,000 years ago and conti-
nued intensely until the middle of the 19th century when synthetic dyestuffs were
discovered. After the second half of this century, the use of synthetic dyestuffs,
which adversely affected natural dyestuffs, made natural dyeing forgettable and
brought it to extinction. It is a fact that natural dyes are not made anywhere in our
country, except for a few major regions. Recently, great support has been given
to the development of handicrafts using natural dyestuffs (Eytipoglu et al.,1983).
Natural dyes have historical, cultural, and economic importance and value in the
coloring of textile products. Each country has unique local natural dye resources.
They have developed over the centuries through migrations and cultural and com-
mercial exchanges. On the other hand, we have to accept that Anatolian natural
dyeing, which has a rich tradition, consists of the synthesis of the information
brought from the homeland and the oldest traditions of the rules coming from the
2nd century to nowadays (Eyiipoglu et al., 1983). As a result of the increase in
industrial production and research, many negative environmental effects such as
climate change, pollution in air and water resources have emerged. Negative ef-
fects on ecology, decreasing water resources and problems related to chemical
wastes necessitated the development of new and different alternatives in textile.
These differences in approach include research carried out in a wide framework
ranging from solar energy use to organic fiber selection, from environmentally
friendly production methods to recycled fiber, water, dye, fabric, and natural
dyes. They are used in many fields such as natural dyes, coloring textile products,
pharmacy, cosmetics, and food. However, in natural dyeing, the continuity of raw
materials and the excess amount used, difficulties in standardization, high cost
and limitations in the color palette are among the most important problems enco-
untered (Kayabasi, 2000). Nevertheless, they can be obtained from renewable re-
sources, and advantages such as being compatible with nature and easily degra-
dable, protection from UV rays, and the anti-bacterial properties that make natu-
ral dyes attractive. Although natural dyes were generally considered to be of ve-
getable and animal origin and mineral-based in the past, nowadays, natural dyes
obtained from bacteria / fungi / lichens are increasing, especially in the light of
new research and developments. Among the natural dyestuffs, it is the plants that
have a large place. It is used to paint various parts of plants called dye plants such
as flowers, fruits, roots, leaves and stems. (Harmancioglu, 1973; 1955; Aydin,
1995; Kayabasi, 2000).
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Rubia tinctorium (root dye) plant, which has names such as dye chili, dye root,
dye litter, dye ivy, dye grass, tongue bleeding, red dye, red root, sticky and egg
dye, is a dyestuff known since ancient Egyptians. The red dye obtained from the
roots has been used as a fabric dye for a long time under the name of "Turkish
red" or "Edirne red". In 1700, Turkey alone supplied two-thirds of the world's
root dye needs. This drug lost its importance in a short time with the discovery of
the technique of making alizarin, which is the main dyestuff of root dye, synthe-
tically on a wide scale (Baytop, 1974; Kayabasi et al., 1998; Ugur, 1988). Textiles
as natural dyes of microbial pigments, and their use in dyeing are of interest. The
current status and possible developments of microbial pigments as a natural dye
source were evaluated by Tuli et al., (2015). Microbial pigments isolated Curvu-
laria lunata, Trichoderma virens, and Alternaria alternata (Sharma et al., 2012);
Serratia marcescens (Ren et al., 2018), and Talaromyces spp. (Oyervides et al.,
2017) used in textile dyeing and obtained favourable results. Natural dyeing,
which has regained its vitality today, has attracted the attention of many researc-
hers in the last 10 years, and new studies have focused on researching the tech-
niques of using natural dyes in the textile industry.

1.2 Main Factors Affecting Natural Dyeing Results

Type of natural dye source, drying method, used part, extraction method and
conditions (water/chemical solvent usage, neutral/acidic/basic medium (pH),
temperature, time), dyeing conditions (neutral/acidic/basic medium (pH), tempe-
rature, time) will be obtained are the main factors affecting the results. Mordants
are natural compounds or other complexing agents containing metal salts and
metal ions that improve dye uptake, fixation, and determine the resulting color
and fastness properties. Color yield and coordinates are mordant types and highly
dependent on the mordanting method. By creating a different dyestuff complex
from each purple, it provides completely different colors and fastness properties
(Ismal and Yildirm, 2019). Depending on the type, type and mordanting method
(pre-, simultaneous, post-mordanting) of the mordant, a wide range of different
colors, darknesses, and color fastness values can be obtained with a natural dye.
Many of the traditional mordant substances are salts of heavy metals such as alu-
minium, iron, copper, tin, and chromium. Their harmful effects on the environ-
ment and human health are criticized. While toxic metal salts such as copper sul-
fate and potassium bichromate were widely used in the past, these mordant subs-
tances are avoided due to the importance of ecological issues and they are almost
banned. Limited use of them is permitted. Potassium aluminum sulfate (alum),
aluminum sulfate, aluminum compounds such as aluminum acetate, and ferrous
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compounds such as ferrous sulfate are ecologically safer and preferred metal mor-
dants.

1.3. Functional Properties Added to Textile Products with Natural Dyes

Consumer expectations on health, hygiene, and comfort odour beautif-
ying/preventive, anti-microbial, moth/insect/insect repellent, and UV protective
finishing processes have also gained importance. The chemicals used to give
these functional properties to textile products are criticized for ecological reasons
and their effects on the environment. When we look at the studies carried out in
recent years, there are many studies that show that natural dyestuffs can be used
not only for coloring purposes but also to provide some functional finishing pro-
perties to textile products. Anti-microbial (Singh et al., 2005), pest-repellent with
natural dyes (Kato et al., 2004), anti-odour (Hwang et al., 2008; Lee et al., 2008)
textile products were obtained. With natural dyestuffs obtained from cheap waste
materials, textile products can be given more than one functional property. Ba-
nana peels for dyeing cotton use anti-bacterial and UV rays at the same time pro-
tective properties were obtained (Salah, 2012). By examining the dyeing prope-
ties and anti-bacterial activities of mordanted cotton and polyamide fabrics with
natural dyes, it has been determined that they have excellent anti-bacterial pro-
perties (Shahidi, 2016). It has been shown that orange peel can also be used as a
natural dye that absorbs UV rays (Hou et al., 2013). It has been reported that
cotton, silk, and wool fabrics dyed with pomegranate peel extract have excellent
deodorizing (Lee et al., 2013), and fabrics dyed with acorn (Lee, et al., 2015) both
deodorizing and excellent antibacterial activity.

4 Cydonia oblonga Mill.

C. oblonga belongs to the Cydonia genus of the Pomoideae subfamily of the
Rosaceae family is a plant. It is deciduous in winter and sometimes a shrub de-
pending on its habitat. It has the appearance of a small tree, reaching 7-8 m in
height. Young shoots with buds and 5-10 cm long, heart-shaped leaves are hairy.
Chemically, quince leaves have dye in consists of xanthophyll which is a Dioxy-
(Alpha)-carotene. Also called xanthophylline lutein. This substance gives the yel-
low color to the leaves in autumn gives. Quince is humous, dry, loamy, and per-
meable, It grows well in warm and irrigated soils. Homeland of the quince Cau-
casus, Iran, Turkestan, South Arabia, Italy, and Greece. It also grows in Yugos-
lavia, Bulgaria, and Turkey. Anatolia for many years. It was brought before and
spread all over the country Sakarya in Turkey, Bursa, various cultural races, es-
pecially in Bilecik, Kocaeli, Ankara, Antalya, Manisa (domestic varieties Glass,
Iron, Bread, Karaali, Lemon, Sugar, Crisp, Solitaire, foreign varieties Champion,
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Fuller, Orange) are grown. Studies have shown that the phenolic compound con-
centration value in quince leaves is higher than other parts of the plant, and
17.31% of the total chemical content consists of tannins (Oliveira et al., 2008).
Quince leaves are used as a sedative, anti-oxidant (free radical scavenger) and
anti-pyretic among the people, apart from being a cheap and natural source of
nutrition. Quince leaf extracts are also used in the treatment of various skin dise-
ases due to their bioactive principles (Krstic-Pavlovic et al., 1983; Oliveira et al.,
2012; Sajid et al., 2015). There are many studies in the field of textile dyeing with
natural dyes (Carvalho and Santos, 2015). Natural dyeing studies with parts such
as leaves and roots of plants in garden and forest areas are limited. The main
polyphenolic components of these parts include flavonoids and tannins, allowing
them to be used as a natural dye source (Kuppusamy et al., 2015).

In this study, anti-mycobacterial, anti-bacterial and anti-fungal effects, dyeing
performances and anti-bacterial effects of dyed fabrics of ethanol extracts of C.
oblonga leaves, which are considered natural waste, were determined. It is also
intended to provide a detailed list of phenolic compounds. The results of this
study are new since there is no literature on the anti-mycobacterial activities of
C. oblonga leaves.

2.MATERIALS&METHODS
2.1 Preparation of extract

C. oblonga was collected from Cagis village, field Cagis village, field edges,
39°31'16.02"N, 28° 0'35.11"E, (26 m), 17.05.2014. Identification of the plant was
made by Prof. Dr. Giilendam Tiimen, Fatih Satil and Selami Selvi. The plant used
in the study is kept in the herbarium of the Biology Department of Balikesir Uni-
versity (Herbarium Number: SV765). C. oblonga leaves were cut into small
pieces and weighed. After the leaves were kept in ethanol extract at 25°C for two
weeks, it was extracted, respectively. The extract was filtered through filter paper
and evaporated with a rotary evaporator, the extract was preserved at -20 °C.

2.2 Microorganisms and Preparation of Cultures

Eight strains of bacteria used were Bacillus cereus (BC, ATCC 10876), Staph-
ylococcus aureus (SA, ATCC 538), Salmonella typhimurium (ST, ATCC 14028),
Pseudomonas aeruginosa (PA, ATCC 27853), Klebsiella pneumonia (KP, ATCC
31488), Proteus vulgaris (PV, ATCC 6897), Methicillin-resistant Staphylococ-
cus aureus (MRSA, ATCC 33592) and Escherichia coli (EC, ATCC 8739). Five
fungal pathogens, Candida albicans (CA, ATCC10239), Aspergillus flavus Link
(AF, TA41-17), Aspergillus ochraceus K. Wilh (AO, MUCL 39534), Aspergillus
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niger van Tiegh (AN, TA47-3), Fusarium proliferatum (FP, Matsushima, Niren-
berg, TA18-2) were used. We investigated the anti-mycobacterial activities of
extracts against four tuberculosis strains (MT-H37Ra, MT-H37Rv, and two clin-
ical isolates). Invitro anti-bacterial activity efficiency was established by using
MHA (Mueller Hinton Agar) and MHB (Mueller Hinton Broth) and anti-fungal
activity assays SDA (Sabouraud Dextrose Agar) and SDB (Sabouraud Dextrose
Broth). Anti-mycobacterial assays were used M7H9B (Middlebrook 7H9 Broth,
Becton & Dickinson) and M7H10A (Middlebrook 7H10 Agar, Becton & Dick-
inson).

2.3 Anti-microbial sensitivity assays
2.3.1 Minimum inhibitory concentration assay (MIC)

MIC determination for the anti-bacterial and anti-fungal test, the microdilu-
tion method was used according to the National Committee for Clinical Labora-
tory Standards, Sensitivity Testing fungi and bacteria (NCCLS 2006; NCCLS
2008). In this study, the negative control well contains no organisms, while the
positive control well contains organisms. Final concentrations in the wells ranged
from 0.04 mg/mL to 25 mg/mL. For the incubation of all microplates, 24-48 hours
at 37°C for bacteria and 72 hours at 28°C for fungi were selected. Then, Tiazolyl
Blue Tetrazolium Bromide (TBTB, 20 pL, Sigma) was added to the wells and
incubated at 37°C for an additional 4 hours. The color change in the solution was
investigated. After the indicator dye turned pink, indicating positive bacteria
growth, TBTB solution was added to the other wells. In the anti-mycobacterial
activity, the MGIT guideline Fluorometric susceptibility test procedure was used
for each sample (BD, 2002; NCCLS, 2003). For the production of M. tuberculosis
strains incubated at 37 °C, 7H9 Broth Base (4 ml), OADC supplement (0.5 mL),
and the antibiotic mixture of PANTA (0.1 mL) were used. The Mycobacterial
activity of C. oblonga ethanol extracts in the test using Microplate Presto Blue
Assay (MPBA). 198 ul of M7H9B and 2 pl of extract were added to the first
column of each row. 100 ul of the medium was added to the other wells. Then,
20 pl of inoculum, excluding the negative control, was added to the wells and
each microplate was incubated at 37°C for 5 days. The final extract concentration
was in the range of 0.04-25 mg/mL. After incubation, the results were evaluated
with 20 pl of Presto blue (Invitrogen, Life Technologies) solution. In the evalua-
tion, the blue color in the well means no growth, and the pink color means posi-
tive growth. The MIC was determined as the lowest concentration at which the
color did not turn pink and gave a negative result.
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2.3.2 Minimum bactericidal concentration Assay (MBC) and minimum
fungicidal concentration Assay (MFC)

To determine MBCs and MFCs, bacteria or fungal suspension (20 pl) from
the MIC and higher concentration wells were added to wells containing (80 pl)
of fresh medium (MHB or SDB medium). To determine the MBC for M. tuber-
culosis, 80 ul of newly modified M7H9B was added. Experiments were per-
formed in 3 repetitions.

2.4 Dyeing and Mordanting of Fabrics

After cold extraction with ethanol, the ethanol extracts were fed to the spray
dryer or evaporation. After that, the fabric was dyed with C. oblonga leaves. In
the dyeing process, 30/ 1 Rib and single jersey % 100 Cotton fabrics were used.
In dyeing process were include pre-mordanting, washing, dyeing, washing, and
drying in standard room conditions. Mordanting was performed utilizing FeSOa,
with tartaric acid, CuSQa, and KAI (SO4)2.12H,0 in an aqueous solution. The
color efficiency of dyed fabrics was measured in Sun Tekstil A.S. R&D Depart-
ment in Izmir, Turkey.

2.5 Anti-bacterial Activity of Textile Materials
2.5.1 Microorganism and test specimens

Two strains of bacteria used were Gram (+) SA (ATCC 538) and Gram (-) KP
(ATCC 31488). The stock culture was maintained on a NA at 4 °C in the refrig-
erators. Test specimens (non-sterile) were cut by hand as rectangular specimens
approximately cut 25 X 50 mm.

2.5.2 Anti-bacterial test method

This method is applied quickly and easily to determine the anti-bacterial ac-
tivity of anti-microbial agents that can spread on treated textile materials
(AATCC Test Method, 2008). If a diffusible antimicrobial agent has anti-bacte-
rial activity, a zone of inhibition is formed; accordingly, bacterial growth is not
observed at the borders of the sample and on the surface of the medium, which is
in direct contact with the agar surface. During the application, five strips of 6 cm
length and 10 mm intervals were drawn on the surface of the dish using a loopful
of diluted inoculum. Test specimens were placed along the five inoculation lines
with gentle pressure to make contact with the agar surface. Petri dishes were in-
cubated at 37 °C for 18-24 hours. It was examined whether there was a growth
interruption and a clear inhibition zone along the inoculum lines in the incubation
plates. The mean width of the line and the inhibition zone on both sides of the
test sample was measured.
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2.6 HPLC Conditions

C. oblonga leaves ethanol extract was analyzed by HPLC (Shimadzu, au-
tosampler SIL-20AHT). Mobile phases were %3 and %97 water (solvent A) and
Methanol (solvent B). The detector used was a DAD (PD-M20A) (max = 800
nm) and the range of the maximum absorbance was 190-800 nm. The column
temperature was 40°C and the injection volume was 20 pL. Standards of phenolic
compounds were prepared by adapting the method prepared by Caponio et al.,
(1999).

3. RESULTS

In this study, eight bacteria and five fungi were used the determine the anti-
bacterial and anti-fungal activities of the sample. The results of C. oblonga etha-
nol extract were given below in Table-1.

Table 1. Anti-bacterial and anti-fungal activity of leaves of C. oblonga

Anti-bacterial and Anti-fungal Activities

Microorganisms MIC (mg/ml) MBC/MFC (mg/ml)
S. aureus 6.3 6.3
K. pneumoniae 1.6 6.3
E. coli 125 >25
B. cereus 6.3 >25
S. typhimurium 25 >25
P. vulgaris 25 >25
P. aeruginosa 12.5 25
MRSA 25 25
C. albicans 25 25
A. flavus 12.5 25
A. niger 12.5 25
A. ochraceus 12.5 25
F. proliferatum 3.1 12.5
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We also demonstrated the anti-mycobacterial activities of the extract against
MT-Ra, MT- Rv and two clinical isolates using the MPBA. The results of the

sample were given in Table-2.

Table 2. Anti-mycobacterial activity of leaves of C. oblonga ethanol extract

(mg/mL).

Anti-mycobacterial Activity of C. oblonga (mg/mL) and Standart Drugs

(ng/mL)
C. oblonga Isoniazid Rifampisin
Microorganisms MIC MBC MIC MBC MIC MBC
MT-Ra 125 >25 0.13 1.04 0.64 5.12
MT-Rv 125 25 0.52 1.04 0.32 2.56
ST-1 25 >25 0.52 1.04 0.64 0.64
ST-2 25 >25 0.52 4.16 5.12 10.24

CIELAB values are used for the determination of the color; L* is used for
perceptual clarity and a*- b* (red, green, blue, and yellow) for the four unique
colors of human vision (Figure 1). As a result of dyeing with C. oblonga leaves
extract, a color scale obtained ranging from dark purple to salmon pink and CIE
color coordinates were given in Figure 2. The washing and water fastness of the
samples dyed under the optimised conditions was tested according to the standard

methods (Table 3).
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L=100
(White)

L=0
(Black)

Figure 1. The CIELAB colour space diagram (Ly et. al.,2020).

Sample  Mordant Leaves Obtained Color CIE color coordinates
Name Amou

nt (%) L a* b*
Q-1 No-Mordant 100 81,46 8,3 10,03
Q-2 FeSO4 with tartaric 100 66,43 7,15 6,57
Q-3 KAI(SO4)2.12H.0 100 - 52.4 345 175
Q-4 CuSOq4 100 - 46,7 2,14 2,69

Figure 2. Fabric samples leaves of C. oblonga with or without mordants.
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Table 3. Fastnesses to water and washing of the colours obtained from leaves
of C. oblonga

KAI FeSOa4
NoMordant . .
Fastness (S04)2.12H,0 CuSOs  with atggtarlc

Washing Fastness 4/5 4/5 4/5 4/5
Water Fastness 4/5 4/5 4 4/5

The anti-microbial efficacy of the treated and untreated fabrics sample was
determined by the parallel streak method (Figure 3).

A: DYED FABRIC WITH LEAVES OF QUINCE B: MORDATING WITH CuSO4

S.aureus K. pneumoniae S.aureus K.pneumoniae

C: MORDATING WITH KAI(S04)2.12H20 D: MORDATING WITH FeSO4 WITH TARTARIC ACID

S.aureus K.pneumoniae S.aureus K.pneumoniae

Figure 3.Assessment of anti-bacterial activity of C. oblonga on the fabrics.

The results of HPLC analyses of sample taken from C. oblonga was given in
Table 4. The HPLC chromatogram of “C. oblonga” (Figure 4) was given below.
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Table 4. Chemical composition of leaves of C. oblonga s ethanol extract

(ng/mL).
no Compound Ret. Time C. oblonga
1 Gallic Acid (G-A) 9.00 *
2 Chlorogenic Acid (C-A) 27.52 0,605
3 4-hydroxybenzaldehide (4-HB) 29.36 0,513
4 Vanilic Acid (V-A) 33.00 1,603
5 Cafeic Acid (C-A) 33.66 *
6 Epicatechin (EC) 34.44 *
7 Syringic Acid (S-A) 37.26 102,82
8 Echinocoside (E) 41.89 *
9 P-Coumaric Acid (P-CA) 40.70 0,43
10 Ferrulic Acid (F-A) 43.16. 0,48
11 Benzoic Acid (B-A) 48.14 *
12 2-Hydroxycinnamic Acid (2-HA) 48.73 0,48
13 Hesperidine (H) 49.55 *
14 Rutin Hydrate (RH) 50.42 *
15 Resveratrol (R) 52.24 0,76
16 Rosmarinic Acid (R-A) 52.89 12,94
17 Transcinnamic Acid (T-A) 59.12 0,31
18 Quercetine (Q) 61.74 *
19 Neochlorogenic Acid (NC-A) 18.26 22,95
20 Kuromanin Chloride (KC) 25.39 14,70
21 4-0O-Caffeolquinic Acid (4-O-C) 28.67 20,70
22 Taxifolin (T) 42.63 6,86
23 Chicoric Acid (CH-A) 48.61 30,78
24 Ellagic Acid (EL-A) 50.99 *
25 Oleuropein (O) 51.93 *
26 Myricetin (M) 53.55 6,05
27 Luteolin (L) 64.25 7,42
28 Ursolic Acid (U) 46.41 *
29 Naringenin (N) 62.92 0,74
30 Apigenin-7-Glukozit (A7G) 52.45 *
31 Juglon (J) 57.86 *
32 Naringin (Na) 48.10 49,53
33 Kaempferol (K) 68.25 *

*Not peak detected
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Figure 4. HPLC Chromatogram of leaves of C. oblonga ethanol extract.

* Retention time of the standards (min): C-A (27.52), 4-HB (29.36), V-A (33.00), S-A (37.26), P-CA (40.70), F-A (43.16),
Na (48.10), 2-HA (48.73), R (52.24), R-A (52.89), T-A (59.12), N (62.92), NC-A (18.26), KC (25.39), 4-O-C (28.67), T (42.63),
CH-A (48.61), M (53.55), L (64.25).
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4.DISCUSSION

The C. oblonga leaves ethanol extract were successfully extracted by using a
rotary evaporator. Sample stock solution and working solution were prepared by
serial dilution with a concentration range of 0.04-25 mg/mL. While the lowest
MIC values determined for quince extract were found against K. pneumoniae
(MIC value was 3.1 mg/mL), the MBC was 6.3 mg/mL, respectively. The C. ob-
longa leaves ethanol extract exhibited the most significant activity against FP
with a MIC value of 3.1 mg/ml, respectively. It is also determined that the quince
extract was found to be efficacy against AF, AN and AO (MICs 12.5, MBCs 25
mg/mL). Various parts of plants (root, fruit, leaf and seed) are used in the treat-
ment of some diseases (Budriesi et al., 2010) and these parts carry secondary
metabolites (Rahmatullah et al., 2010 a, b;) (tannin, terpenoid, alkaloid) with ther-
apeutic potential (Ghanbari et al., 2012). Quince leaves have many biological
properties. Among these, hypercholesterolemia, protective effect on spermato-
genesis (Ashrafi et al., 2013), protection against fungus (Hamid et al., 2013), anti-
atherogenic, and hepatoprotective effect (Khademi et al., 2013), preventive effect
(Carvalho et al., 2010), renoprotective effect (Jouyban et al., 2011), and antioxi-
dant potential (Costa et al., 2009) is essential. Various extracts (ethanol, acetone
and agueous) obtained from fruit and seeds were tested on four bacteria (E. coli,
K. pneumonia, S. aureus and Enterobacter aerogenes). It was observed that the
results for ethanol in the extracts were the best, the results for the aqueous extracts
were less effective on bacteria (Alizadeh et al., 2013a). In addition, in results for
quince seeds, the methanolic extract was found to be effective on various bacteria
(S. aureus, S. epidermidis and K. pneumonia) (Al-khazraji, 2013). The antibacte-
rial activities result of seeds and fruits are shown in another study by Alizadeh et
al. (2013a) are similar to the results of the ethanol extract of the leaf in our study.
In addition, quince leaf extracts (ethanol and acetone) showed antifungal effects
on A. niger (Alizadeh et al., 2013b). However, in our study, the anti-fungal activ-
ity of C. oblonga was investigated and apart from A. niger, F. proliferatum A.
flavus, and A. ochraceus. We obtained in our study are consistent with the anti-
fungal activity results of Alizadeh et al., (2013b).

This study is the first report describing the anti-mycobacterial activity of C.
oblonga leaves against patient strains, MT-Ra and MT-Rv. While the lowest MIC
values determined for C. oblonga were found against MT-Ra, and MT-Rv (MICs
value were 12.5 mg/mL), ST-1 and ST-2 showed the minimum MIC values. They
have the same MIC and MBC values.
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In the ethanol extract of the sample, the major flavonoid was found to be S-A.
Other major flavonoids were, R-A, NC-A, 4-0O-C, CH-A and Na. As minor fla-
vonoids, C-A, 4-HB, P-CA, F-A, and 2-HA were obtained in C. oblonga leaves
respectively (Abbreviations in Table 4). It is thought that the presence of C-A in
acetone and aqueous extracts (peel and pulp) of quince together with other com-
ponents causes antimicrobial activity (Fattouch et al., 2007). The presence of C-
A and anti-microbial activity results in our study support this study.

While the most abundant compound in the pulp of Tunisian quince (Cydonia
oblonga Miller) was determined as chlorogenic acid (5-O-caffeoylquinic acid),
the main component in the peel was determined as rutin (quercetin 3-O-rutino-
side) (Fattouch et al., 2007).

Oliveria et al., (2007) investigated the leaves of Portuguese quince. The es-
sential phenolics were 5-O-caffeoylquinic acid, 3,5-O-dicaffeoylquinic acid, 3-
O-caffeoylquinic acid, 4-O-caffeoylquinic acid, quercitin-3-O-rutinoside,
kaempferol-3-O-rutinoside, quercitin-3-O-galactoside, kaempferol-3-O-glyco-
side, and kaempferol-3-O-glucoside.

When our HPLC results were examined, it was seen that our data were similar
to the data of Tunisian and Portuguese quince.

In this study, fabric dyeing was done with quince leaves and the anti-bacterial
activities of the fabrics were tested. In this study, we used two factors for meas-
uring the inhibition zone method: the anti-microbial activity of the samples
against the microorganism and the capability of the antimicrobial agent to diffuse
into the agar. The dyed fabric with quince leaves did not show anti-bacterial ac-
tivity against SA and KP. However, 1t was observed that the extract diffused into
the agar in the fabric samples dyed with C. oblonga leaf extract.
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5. CONCLUSION

Today, research and perspectives on natural dye applications have gone far
beyond traditional approaches. As a result of many interdisciplinary interactions
such as physics, chemistry, biology, biotechnology, engineering, design, and art,
natural dyes have gone beyond traditional applications and have been used in
different fields for purposes that were not on the agenda before uses emerged.
However, it is necessary to carry out technical analyzes such as the optimum use
of many natural dye sources with different structural properties, laboratory stud-
ies, niche markets, and small-scale production, as well as increasing systematic
research on adapting the data obtained from R&D studies to commercial and in-
dustrial production. As a result of all these studies, it can be thought that natural
dyestuff may gain more industrial meaning and importance.
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1. GLUTATHIONE (GSH) STRUCTURE

Glutathione (y-glutamylcysteine glycine), the low-molecular-weight molecule
in organisms containing a thiol group, is a major tripeptide [1, 2]. The 3 amino
acids that make up its structure are, respectively, glutamic acid, cysteine, and
glycine [3].
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Figure 1. Structure of Glutathione (GSH)

In 1921, HOPKINS discovered glutathione, a sulfurous compound found in
nature [4]. Glutathione exists in two forms, namely reduced glutathione (GSH)
and oxidized glutathione (GSSG), which are in balance with each other in tissues

[5].
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Figure 2. The cycle of glutathione (GSH-GSSG)

Glutathione, nearly all of which is synthesized in eukaryotic cells [6]. As a
result, there are high densities. Approximately 85-90% of glutathione is in the
cytoplasm, which is also available. But sometimes GSH is in the cytoplasm. After
synthesis, the nucleus, peroxisomes, and endoplasmic reticulum can also be
found [7, 8].

Glutathione is involved in the structure of the glyoxalase coenzyme. This co-
enzyme is involved in oxygen transport in tissues [9]. Glutathione has a structure
that can easily give and take hydrogen. With this feature, it contributes to various
redox events. Moreover, it inhibits the irreversible oxidation of hemoglobin in
erythrocytes. Iron from the intestines controls its absorption [3].

2. GLUTATHIONE SYNTHESIS

GSH is abundantly (0.5-10 mM) synthesized in all mammalian cells. This
synthesis consists of two sequential steps. GSH produces the enzyme y-glutami-
necysteine synthetase in the first step. It catalyzes the formation of y-glutami-
necysteine from glutamate and cysteine, its precursor amino acids. Glutathione
synthetase then converts glycine and y-glutamine cysteine into glutathione in the
second step. In this synthesis, hydrolysis of 2 molecules of ATP is required for 1
molecule of GSH. [10, 11] (Fig. 3).
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Figure 3. Formation and other mechanisms of glutathione [12].

3. THE ROLE OF GLUTATHIONE IN METABOLISM

Glutathione is responsible for DNA and protein synthesis and the regulation
of enzyme activities. In addition, glutathione has cellular functions such as intra-
and extracellular transports. One of its most important functions is to act as an
antioxidant substance. Glutathione is essential for cellular functions and protects
the brain, heart, and immune system cells, as well as the kidney, eye, liver, lung,
and skin tissues against oxidative damage. It has an anti-aging effect [1, 13, 14].

Glutathione (GSH) in cells, tissues, and organs helps to maintain system struc-
tural and functional integrity. Its role as an antioxidant molecule in the preserva-
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tion of is significant. GSH is important in terms of its involvement in the patho-
physiology of many diseases, such as cancer, aging, atherosclerosis, and neuro-
degenerative diseases [15].

GSH also subjects cells to oxidative stress, toxic chemicals, and radiation.
Some endogenous drugs, such as estrogen, prostaglandin, and leukotrienes, take
part in the metabolic processes of compounds [14, 16-18].

GSH is very important for organs such as the lungs, intestines, kidneys, and
partly the liver. Because these organs can be exposed to exogenous toxins. GSH
plays an important role in the elimination of toxins [19, 20]. GSH in the lungs
regulates the development of inflammation and oxidative/nitrosative stress. It acts
as an intracellular and extracellular protective antioxidant against stress [21].

Chronic viral infections trigger circulating immune system cells to consume
GSH. GSH is required for cell proliferation, growth, and differentiation. In pa-
tients with acute and chronic viral hepatitis, low GSH concentrations were de-
tected in erythrocytes [22]. In another study, a decrease in GSH was seen in the
plasma of patients with chronic liver disease. It has also been reported that the
levels of trace elements such as Fe, Zn, and Se are significantly reduced [23].

The brain is an oxygenated tissue with a high concentration of free unsaturated
fatty acids, making it vulnerable to oxidative damage. GSH, as both a redox mod-
ulator and an antioxidant, plays an important role in the nervous system. Various
studies have shown that the brains of Parkinson's patients have increased metal
levels, low GSH, and high lipid peroxidation compared to control groups [24,
25]. GSH and GSSG levels, which form the main thiol redox system of the cell,
are affected by nutrition, drugs, and oxidative stress [26]. The effect causes a
significant change. As the GSH level decreases, the oxidized glutathione (GSSG)
level will increase. For this reason, the GSH/GSSG balance in metabolism is dis-
turbed. Maintaining the GSH/GSSG ratio is important for its sustainability [27].
Multiple enzyme systems, including -glutamyl transpeptidase, amino acid trans-
porters, glutathione peroxidase, and glutathione reductase, keep the cellular level
of GSH stable. [28]. When the cell is exposed to a high amount of oxidant, GSSG
formation metabolically exceeds the limit, and oxidative stress occurs [29, 30].
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Glutathione plays an important role in the uptake of oxygen by plants [31].
End in the studies carried out over the years, the reactive oxygen products (ROS)
of various stress models have been determined. has been reported to accelerate
its formation. Free oxygen species also cause lipid peroxidation [30, 32]. Oxida-
tive damage caused by ROS is defined as "oxidant stress." It is known that GSH
levels decrease during oxidative stress [33, 34].

Substances that inactivate oxidants are called antioxidants. In healthy people,
free radicals/antioxidants are in equilibrium. In diabetes, this balance deteriorates
in favor of free radicals [35, 36]. Glutathione (GSH) has important roles in
providing structural and functional functions of cells, tissues, and organs. It can
fulfill this task as an antioxidant molecule. With excessive oxidative stress or an
antioxidant deficiency, the level of GSH decreases. Therefore, pathological con-
ditions arise in metabolism As a result of its deficiency, cell damage occurs in
many tissues [15]. In the metabolism, glutathione acts as an antioxidant. Moreo-
ver, it is responsible for maintaining the redox state of the cell. Glutathione is one
of the antioxidants in metabolism [37].
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1. Introduction

The human gut harbors a complex and diverse community of microorganisms,
collectively known as the gut microbiota (Tremaroli and Biackhed, 2012). Recent
advances in sequencing technologies and bioinformatics have enabled the com-
prehensive analysis of gut microbiota composition and function, revealing their
crucial role in host health and disease (Fomby and Cherlin, 2011; Sender et al.,
2016). Dysbiosis, defined as an imbalance in gut microbiota composition and
function, has been associated with a range of diseases, including inflammatory
bowel disease, obesity, and type 2 diabetes (Lloyd-Price et al., 2016; Wang et al.,
2012).

Manipulation of gut microbiota has emerged as a promising therapeutic strat-
egy for a range of diseases. Several approaches have been developed to target
specific bacterial species or functional pathways within the gut microbiota, in-
cluding prebiotics, probiotics, antibiotics, and fecal microbiota transplantation
(Béckhed et al., 2012; Kelly et al., 2015). However, the efficacy and safety of
these approaches vary widely, and further research is needed to develop targeted
and personalized microbiota-based therapies (Nieuwdorp et al., 2014).

In this chapter, we discuss the current understanding of gut microbiota com-
position and function, as well as the strategies for manipulation of gut microbiota
bacteria for therapeutic purposes. We also highlight the potential applications of
gut microbiota manipulation and the challenges and future directions in this field.
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2. Gut Microbiota and Health

The gut microbiota performs a range of important functions that are essential
for host health. These include the production of vitamins, metabolism of dietary
nutrients, and protection against pathogens (Nicholson et al., 2012). In addition,
the gut microbiota plays a crucial role in the development and function of the host
immune system, with recent evidence suggesting that the gut microbiota is in-
volved in the regulation of immune responses both locally in the gut and system-
ically throughout the body (Fomby and Cherlin, 2011; Honda and Littman, 2016).

Disruptions to gut microbiota composition and function, referred to as dysbio-
sis, have been linked to a range of diseases, including inflammatory bowel disease
(IBD), obesity, and type 2 diabetes (Longo et al., 2021; Wang et al., 2012). For
example, patients with IBD have been found to have a lower diversity of gut mi-
crobiota and a higher abundance of potentially pathogenic bacteria, suggesting a
role for dysbiosis in the development and progression of the disease (Frank et al.,
2007). Similarly, studies have shown that the gut microbiota of obese individuals
is different from that of lean individuals, with changes in the abundance of spe-
cific bacterial species associated with obesity-related metabolic disorders
(Turnbaugh et al., 2006).

Given the important role of gut microbiota in health and disease, strategies
aimed at manipulation of gut microbiota have been developed for therapeutic pur-
poses. These approaches include prebiotics, probiotics, antibiotics, and fecal mi-
crobiota transplantation, among others (Béckhed et al., 2012). While these ap-
proaches have shown promise in some cases, their efficacy and safety are still
being investigated, and further research is needed to develop targeted and person-
alized microbiota-based therapies.

3. Manipulation of Gut Microbiota

Manipulation of gut microbiota has emerged as a promising therapeutic strat-
egy for a range of diseases (Haiser and Turnbaugh, 2013). Several approaches
have been developed to target specific bacterial species or functional pathways
within the gut microbiota, including prebiotics, probiotics, antibiotics, and fecal
microbiota transplantation (Béackhed et al., 2015; Kelly et al., 2015).

Prebiotics are non-digestible food components that selectively stimulate the
growth and activity of beneficial bacteria in the gut, such as bifidobacteria and
lactobacilli (Gibson et al., 2017). These compounds include fructooligosaccha-
rides, inulin, and galactooligosaccharides, among others, and are commonly
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found in fruits, vegetables, and grains. Prebiotics have been shown to have bene-
ficial effects on gut microbiota composition and function, as well as on host
health outcomes (Roberfroid et al., 2010).

Probiotics, on the other hand, are live microorganisms that, when administered
in adequate amounts, confer a health benefit on the host (Hill et al., 2014). These
include various bacterial strains, such as Lactobacillus and Bifidobacterium, and
yeast strains, such as Saccharomyces boulardii. Probiotics have been shown to
have beneficial effects on gut microbiota composition and function, as well as on
host immune function, gut barrier function, and digestive health (Hill et al., 2014;
Sanders et al., 2016).

Antibiotics are commonly used to treat bacterial infections, but they can also
have unintended effects on gut microbiota composition and function (Langdon et
al., 2016). Antibiotics can lead to dysbiosis, with reductions in beneficial bacte-
rial species and increases in potentially pathogenic species. This can lead to a
range of negative health outcomes, such as increased risk of infection, inflamma-
tion, and metabolic disorders (Vangay et al., 2015).

Fecal microbiota transplantation (FMT) involves the transfer of fecal material
from a healthy donor to the gastrointestinal tract of a recipient, with the goal of
restoring a healthy gut microbiota (Kelly et al., 2012). FMT has been shown to
be highly effective in the treatment of recurrent Clostridium difficile infection,
and is being investigated as a potential therapy for a range of other diseases, in-
cluding inflammatory bowel disease, metabolic disorders, and neurodegenerative
diseases (Kassam et al., 2013; Saha et al., 2019).

In addition to these approaches, other strategies for manipulation of gut mi-
crobiota are also being investigated, including postbiotics, which are metabolites
produced by probiotic bacteria, and microbial biotherapeutics, which involve the
use of genetically engineered or synthetic bacteria for therapeutic purposes (Ilhan
et al., 2017; Lebeer et al., 2010). These approaches have the potential to provide
targeted and personalized therapies for a range of diseases, but further research is
needed to fully understand their efficacy and safety.

4. Strategies for Targeted Bacterial Manipulation

Targeted manipulation of specific bacterial species or functional pathways
within the gut microbiota can be achieved through a range of strategies, including
dietary interventions, use of specific bacterial strains, and bacteriophages (Barr
et al., 2013; Sonnenburg and Sonnenburg, 2014).
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Dietary interventions can be used to selectively stimulate the growth of spe-
cific bacterial species or functional pathways within the gut microbiota. For ex-
ample, a diet high in fiber has been shown to promote the growth of Bifidobacte-
rium and other beneficial bacteria in the gut, while reducing the abundance of
potentially pathogenic species (De Filippis et al., 2016). Similarly, consumption
of polyphenols, found in fruits, vegetables, and beverages such as tea and wine,
has been shown to have beneficial effects on gut microbiota composition and
function, through their prebiotic and antimicrobial properties (Selma et al., 2009).

Specific bacterial strains can also be used for targeted manipulation of gut
microbiota. For example, the probiotic strain Lactobacillus rhamnosus GG has
been shown to have beneficial effects on gut microbiota composition and func-
tion, and is used clinically for the prevention and treatment of a range of gastro-
intestinal disorders (Salminen et al., 1998). Other bacterial strains, such as Fae-
calibacterium prausnitzii and Akkermansia muciniphila, have also been shown to
have beneficial effects on gut microbiota composition and function, and are being
investigated as potential probiotic strains (Derrien et al., 2008; Sokol et al., 2008).

Bacteriophages, or viruses that infect and replicate within bacterial cells, can
also be used for targeted manipulation of gut microbiota. Bacteriophages can be
used to selectively eliminate specific bacterial species within the gut microbiota,
without affecting other beneficial bacterial species (Barr et al., 2015). Bacterio-
phages have been shown to be effective in the treatment of bacterial infections,
and are being investigated as a potential therapy for dysbiosis-related diseases
(Dabrowska, 2019).

These strategies have the potential to provide targeted and personalized ther-
apies for a range of diseases associated with dysbiosis. However, further research
is needed to fully understand their efficacy and safety, as well as the mechanisms
underlying their effects on gut microbiota composition and function.

5. Advancements in Microbiota-Based Therapies

Microbiota-based therapies are a rapidly developing area of research, with ad-
vancements in the understanding of gut microbiota composition and function
driving the development of new therapies (Gilbert et al., 2018). Some of the latest
advancements in microbiota-based therapies include the following:

Precision microbiome engineering: This involves the use of synthetic biology
to engineer bacterial strains with specific functions, such as the production of
therapeutic compounds or the elimination of pathogenic bacteria (Riglar et al.,
2017).

67



ISBN: 978-625-6971-51-6

Microbiota transplantation from elite athletes: Recent research has shown that
transplantation of fecal microbiota from elite athletes to sedentary individuals can
lead to improvements in exercise performance and metabolic health(Scheiman et
al., 2019).

Microbiota-derived metabolites: Metabolites produced by gut bacteria, such
as short-chain fatty acids and secondary bile acids, have been shown to have ben-
eficial effects on host health, including modulation of the immune system and
regulation of host metabolism. Researchers are investigating the therapeutic po-
tential of these metabolites for the treatment of a range of diseases, including
inflammatory bowel disease and metabolic disorders (Canforaetal., 2019; Ridlon
etal., 2006).

Host-microbiota crosstalk: Advances in understanding of host-microbiota
crosstalk have revealed the complex interplay between gut microbiota and host
physiology. Researchers are investigating the mechanisms underlying this cross-
talk, with the goal of developing targeted therapies that manipulate these interac-
tions for therapeutic benefit (Fomby and Cherlin, 2011).

Microbiota-targeted therapies: Novel approaches for microbiota-targeted ther-
apies are being developed, including selective targeting of specific bacterial spe-
cies or functional pathways within the gut microbiota, as well as targeted delivery
of therapeutic compounds to the gut microbiota (Feng et al., 2020).

These advancements have the potential to revolutionize the treatment of a
range of diseases associated with dysbiosis, including inflammatory bowel dis-
ease, metabolic disorders, and neurodegenerative diseases. However, further re-
search is needed to fully understand the mechanisms underlying these therapies,
as well as their efficacy and safety in clinical settings.

6. Potential Applications of Gut Microbiota Manipulation

Manipulation of the gut microbiota has the potential to be applied to a range
of diseases and disorders associated with dysbiosis. Some potential applications
include:

Inflammatory bowel disease (IBD): Dysbiosis has been implicated in the path-
ogenesis of IBD, and microbiota-based therapies have shown promise in the treat-
ment of IBD, including fecal microbiota transplantation (FMT) and use of spe-
cific bacterial strains (Eindor-Abarbanel et al., 2021).
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Obesity and metabolic disorders: Dysbiosis has been associated with obesity
and metabolic disorders, and microbiota-based therapies, including use of spe-
cific bacterial strains and prebiotics, have shown potential in the treatment of
these conditions (Bouter et al., 2017; Dao et al., 2016)(2,3).

Neurodegenerative diseases: Dysbiosis has been linked to neurodegenerative
diseases, including Parkinson's disease and Alzheimer's disease, and microbiota-
based therapies have shown promise in preclinical studies (Bonfili et al., 2017;
Sampson et al., 2016)(4,5).

Mood disorders: Dysbiosis has been implicated in mood disorders, including
depression and anxiety, and microbiota-based therapies, including use of specific
bacterial strains and FMT, have shown promise in preclinical studies (Foster et
al., 2017; Kelly et al., 2016)(6,7).

Cancer: Dysbiosis has been implicated in the pathogenesis of certain types of
cancer, and microbiota-based therapies have shown potential in cancer prevention
and treatment (Manuscript, 2012; Viaud et al., 2015). Recent studies have demon-
strated the potential for microbiota-based therapies in cancer treatment, particu-
larly in combination with immunotherapy. The gut microbiome has been found
to influence the efficacy of anti-PD-1-based immunotherapy against epithelial tu-
mors, with commensal microbiota associated with improved treatment outcomes
(Matson et al., 2018; Santoni et al., 2018). Additionally, gut microbiome modu-
lation has been shown to enhance response to anti-PD-1 immunotherapy in mel-
anoma patients (Biphenyls, 2015). Fecal microbiota transplantation has also
shown promise in the treatment of refractory immune checkpoint inhibitor-asso-
ciated colitis (Wang et al., 2018).

These potential applications demonstrate the wide-ranging therapeutic poten-
tial of gut microbiota manipulation, and highlight the need for further research to
fully understand the mechanisms underlying these therapies, as well as their effi-
cacy and safety in clinical settings.

7. Challenges and Future Directions

While the potential for gut microbiota manipulation as a therapeutic approach
is exciting, there are also significant challenges that must be addressed before
these therapies can be widely applied in clinical settings. Some of the key chal-
lenges and future directions include:

Safety and efficacy: The safety and efficacy of microbiota-based therapies
must be rigorously evaluated in clinical trials, with a focus on long-term safety
and efficacy, as well as potential side effects and adverse events.
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Personalized approaches: Gut microbiota composition and function are highly
variable between individuals, and personalized approaches to gut microbiota ma-
nipulation may be necessary for optimal therapeutic outcomes. This will require
the development of tools for rapid and accurate assessment of gut microbiota
composition and function, as well as the ability to predict individual responses to
specific microbiota-based therapies.

Mechanistic understanding: A better understanding of the mechanisms under-
lying the effects of gut microbiota manipulation is necessary for the development
of targeted and effective therapies. This will require a combination of experi-
mental and computational approaches to unravel the complex interactions be-
tween gut microbiota and host physiology.

Regulatory challenges: Microbiota-based therapies are subject to regulatory
challenges, including classification as drugs or biologics, and the need for rigor-
ous safety and efficacy evaluation. The regulatory framework for these therapies
will need to be developed to ensure patient safety and access to effective thera-
pies.

Commercialization: The commercialization of microbiota-based therapies
presents unique challenges, including the need for large-scale production of spe-
cific bacterial strains, and the development of sustainable business models for
these therapies.

Addressing these challenges and advancing our understanding of gut micro-
biota composition and function will be critical for the successful development
and implementation of microbiota-based therapies for a range of diseases and
disorders associated with dysbiosis.

Overall, the field of gut microbiota manipulation is rapidly evolving, with ex-
citing developments and potential applications emerging. While there are signif-
icant challenges that must be addressed, the potential for microbiota-based ther-
apies to transform the treatment of a range of diseases and disorders is immense,
and warrants continued research and investment.

8. Conclusion and Future Outlook

The gut microbiota is a complex and dynamic ecosystem that plays a critical
role in human health and disease. Dysbiosis, or disruption of gut microbiota com-
position and function, has been implicated in the pathogenesis of a range of dis-
eases and disorders, including inflammatory bowel disease, obesity, neurodegen-
erative diseases, and mood disorders. Manipulation of the gut microbiota has
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emerged as a promising approach for the treatment of these conditions, with po-
tential applications including the use of specific bacterial strains, fecal microbiota
transplantation, and microbiota-derived metabolites.

While the field of gut microbiota manipulation is still in its infancy, recent
advancements in our understanding of gut microbiota composition and function,
as well as new technologies for precision microbiome engineering and microbi-
ota-based therapies, offer exciting opportunities for the development of novel and
effective treatments for a range of diseases and disorders.

However, significant challenges must be addressed, including the need for rig-
orous evaluation of safety and efficacy, the development of personalized ap-
proaches to gut microbiota manipulation, and the need for a better mechanistic
understanding of the effects of gut microbiota manipulation.

In conclusion, the gut microbiota represents a promising target for the devel-
opment of novel and effective therapies for a range of diseases and disorders as-
sociated with dysbiosis. Further research and investment in this field are needed
to fully realize the potential of microbiota-based therapies, and to ensure that
these therapies are safe, effective, and accessible to patients in need.
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Introduction

There are many binary star systems in the universe. These binary star systems
made of two stars orbiting each other. During the orbital motion, both stars pass
in front of each other. A periodic variation in the total amount of light coming
from the system can be detected by an observer on Earth if the inclination is
around ~90 degree. Such binary star systems are called as eclipsing binary star
systems.

Absolute parameters, i.e. masses, radii and effective temperatures of the com-
ponents, can be obtained via spectroscopic and photometric observations. In this
way, relationships between these parameters can be investigated and the ages of
stars can be estimated (see Demircan & Kahraman 1991, Malkov et al. 2007,
Negu & Tessema 2018). As a result of sensitively determined stellar parameters,
stellar evolution models can be developed.

Light curve of V458 And obtained from the Transiting Exoplanet Sur-vey Sat-
ellite (TESS) (Ricker et al. 2015) observations is examined in this study. In clas-
sical Algol-type binary star systems, the one component (primary) star is a hot
massive star that does not fill its Roche lobe, while the other component (second-
ary) is a cold less massive star that fills its Roche lobe (see Kopal 1955, Peters
2001). Therefore, Algol-type binary star systems are classified as semi-detached
binary star systems according to their Roche geometry.

Observational Data

The TESS observations are taken from the Mikulski Archive for Space Tele-
scopes database. The light curve was constructed using the SAP_FLUX measure-
ments given in the database. QUALITY = 0 observations, which are specified as
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the most sensitive observation points in the database, were used in the solution.
TESS observations were made using broad band filters (600 nm to 1000 nm).
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Figure 1. Light curve of V458 And used in this study.

In these observations, different sky regions were observed at different time
intervals. In the TESS observations, the "sector” number is given to indicate this
situation. For example, TESS observations of V458 And were made in sector 18.
Observations made in sector 18 were carried out between 3 November 2019 and
27 November 2019. Exposure time of 1800s is given in the observations of the
V458 And. 993 of the observations have a QUALITY flag value of zero. The
light curve of V458 And is given in Figure 1.

Table 1. Minimum times of V458 And obtained from TESS observations.

Minimum time

(BJD)

Error

Minimum type

2458791.755505
2458792.889711
2458794.043286
2458795.180340
2458796.332433
2458797.470338
2458798.620724
2458799.761050
2458800.913762

0.002060 Min 1l

0.001060 Minl

0.001247 Min Il

0.000747 Min|

0.001426 Min Il

0.000971 Minl

0.000820 Min 1l

0.000865 Min |

0.001139 Min Il
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2458802.054270 0.001374 Min |
2458804.342024 0.000767 Min |
2458805.495861 0.001453 Min Il
2458806.632509 0.000624 Min |
2458807.787925 0.001681 Min Il
2458808.923195 0.000851 Min |
2458810.074408 0.001430 Min I
2458811.213477 0.001251 Min |
2458812.369204 0.002202 Min I
2458813.503930 0.000646 Min |
2458814.664870 0.003404 Min 1l

3]
==}
.
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Figure 2. O-C diagram of V458 And obtained from TESS minimum times.

The minimum times (eclipse times) obtained from these observations were
calculated using a method proposed by Kwee & van Woerden (1956) (see Table
1).

From the TESS minimum times of V458 And (see Table 1), using the light
element below, the O-C diagram was made (see Figure 2).
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C1vasg ana(Min I/Min IT) = BJD 2458802.05427(137) + 24.2902696 x
E €3]

In Equation (1), the conjunction time (2458802.05427(137) BJD) is a cal-
culated TESS minimum time (see Table 1) and the period (2.2902696 days) is
taken from the ASAS-SN database (Shappee et al. 2014, Kochanek et al. 2017).
Using the least squares method, linear fit was made to the diagram and the up-
dated light element of V458 And is derived as follows,

Ca.vass ana(Min 1/Min I1) = BJD 2458802.0561(11) + 2%.2907(4) x E

)

The TESS light curve of V458 And phased with Equation (2) is presented in
Figure 3.

o

Normalized Flux

0.98

0.96

0.94

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

Epoch

Figure 3. (a) Phased light curve of V458 And (b) Zoom of maximum levels
of light curve.
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Light Curve Solution

Light curve analysis of V458 And was performed using Wilson-Devinney
software (Wilson & Devinney, 1971; Wilson, 2012). In the solution, the wave-
length of the filter is taken as 786.5nm. According to the radiative (T>7200K)
and convective (T<7200) stellar atmospheres, the bolomeric gravitational dark-
ening coefficients (g; and g,) were taken as 1.0 and 0.32, respectively (von
Zeipel, 1924; Lucy, 1967). The bolometric albedo of the components (4, and 4,)
is fixed at 1.0 for stellar atmospheres with radiative atmospheres and 0.5 for stel-
lar atmospheres with convective atmospheres (Rucinski, 1969). The second order
limb darkening coefficients were taken from Claret (2017). The rotation parame-
ters were taken as F; = F, = 0 and the eccentricity as e = 0.

q=My/M,
0.32 0.34 0.36 0.38 0.4 0.42 0.44 0.46 0.48
0.037 | ‘ ‘ -
V458 And

0.03*&

Topp from GAIA DR2
0.025 =

Dy
O
L0.02] .
9/ *
A 0.0151 : T.;; from GAIA DR3

0.01+ ¥

0.005 - I L

0.6 0.8 1 1.2 14 1.6
Tl,eff x10?

Figure 4. Ty ¢rp-2.(0 — €)? diagram obtained for V458 And under assump-
tion of a cold spot on secondary component.

The solution is done in semi-detached configuration (mod5), where phase shift
(¢p), orbital inclination (i), effective temperature of the secondary component
(T,), surface potential of the primary component (Q,), mass ratio (q) and radia-
tion of the primary component (L) are free parameters. The third light (L3) con-
tribution was not included in the solution.
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An obvious difference between the maximum light levels can be seen in Fig-
ure 3(b). Due to this, the light curve solution was made separately by assuming
that there is a hot spot on the primary or a cold spot on the secondary. Therefore,
the spot parameters (see Table 2) were also adjusted as free parameters.

The effective temperature of V458 And is given as 6442 K and ~10237K in
the Gaia DR2 (Gaia Collaboration, 2018; Andrae et al., 2018) and Gaia DR3
(Gaia Collaboration, 2022) databases, respectively. The error of the temperature
values is about 324 K (Gaia Collaboration, 2018; Andrae et al., 2018). As can be
seen, the temperature values are given at different values in different databases.
In addition to this, there are no spectroscopic observations of the system. There-
fore, initially, an effective temperature (T;) search was made for the primary com-
ponent of V458 And. In the temperature search process, light curve solution is
made for different values of T;. The variation of T; with the sum of squares resid-
uals obtained from the model fit (¥(0 — €)?) is given in Figure 4.

The minimum value of Y;(0 — €)? is obtained under the cold spot assumption.
As can be seen in Figure 4, the minimum Y(0 — €)? value reached at the effec-
tive temperature given by Gaia DR3 is smaller than that of the value reached at
the effective temperature given by Gaia DR2. Therefore, T; is taken form Gaia
DR3 and fixed in the light curve solution. As seen from Figure 4, the minimum
value of ¥,(0 — €)? is also reached around at ¢ = 0.39 so that initial value of the
q parameter was taken as 0.39 in the analysis.

The obtained light curve parameters are given in Table 2 and the light curve
model is shown in Figure 5. The Roche geometry of the system is also shown in
Figure 6.

85



ISBN: 978-625-6971-51-6

Table 2. Parameters obtained from light curve analysis of V458 And.

Parameter Value

T, (BJD) 2458802.0561+0.0011
P (days) 2.2907+ 0.0004
[0) 0.0007+0.0001
i (deg) 85.45+0.21

T, (K) 10237

T, (K) 4559£135

q(= M,/M;) 0.394+0.008
Q, 6.300+0.007
Q, 2.665

7, (vol.) 0.170+0.006

7, (vol.) 0.331+0.007
Li/L;oc 0.750+0.010
Ly/Leot 0.250

Spot parameters

Co-latitude (deg.) 104421
Longitude (deg.) 265+10
Spot radius (deg.) 19.4£1.2
Tepot/ T 0.70+0.05
Y0 -¢)? 0.0060
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Figure 5. TESS observations of V485 And and best theoretical model fit
(yellow line) for these observations. Residuals are shown at bottom.

Phase=0.75

Secondary star Primary star

Figure 6. Roche geometry of V458 And.

Results and Discussion

The TESS light curve solution of the V458 And is given for the first time. The
absolute parameters estimated using the parameters obtained from the solution

are given in Table 5.
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Table 5. Estimated absolute parameters of V458 And.

Parameter Primary star Secondary star
A (Ro) 11.96+0.24

M (Mo) 3.15+0.31 1.24+0.24
R (Ro) 2.03+0.16 3.96+0.58
log g (cgs) 4.32+0.10 3.34+0.08
M,,, (mag) 0.73+0.10 2.79+0.36
My, (mag) 1.07+0.25 3.38+0.45
Agy @ (mag) 0.465

my (system) ® (mag) 13.114+0.274

My, (system) 0.95+0.30

d (pc) 21854273

What the parameters given in Table 5 represent and how they were calculated
are explained below.

e  Semi-major axis (A): this parameter was obtained using Kepler’s third
law, given below.
_ [(My + M;)P? Y3 3)
~ | 0.01346 (

From Equation (3), the parameter A is obtained in solar radius, when the stellar
masses (M, and M) are taken in solar mass and orbital period (P) in days.

e  Stellar masses (M, and M,): M; was calculated from the calibrations for
the main sequence stars given by Drilling & Landolt's (2000). 10 percent of the
primary mass is taken as the error value. On the other hand, M, was calculated
using the mass ratio (4 = M,/M,) given in Table 2 and the primary mass men-
tioned above.

e Stellar radii (R; and R,): The radii of the component stars that make up
V458 And were calculated using the semi-major axis length calculated by Equa-
tion (3) together with the fractional radius (r; , = R, ,/A) obtained from the so-
lution.
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e Surface gravities of the components (log g, and logg,): The surface
gravities were calculated using equation below, where go = 27423.2(7.9) cm
s2 is the surface gravity of Sun (Pecaut & Mamajek (2013)).

(4

Unit of M, , and R, , are in solar mass and solar radius, respectively.
e  Bolometric magnitudes of the components (M}, 1 »): Equation given be-
low was used in the calculation of M, 1 ».

T,
1.0
MbOl,l,Z = Mbol,O + 10 lOglO Teff 5 -5 10glO R1,2 (5)
eff.,

where My, o = 4.7554(4) mag, Terro = 5771.8(7) K are bolometric
magnitude and effective temperature of Sun, respectively, and taken from Pecaut
& Mamajek (2013).

e  Absolute visual magnitudes (My 4 ,): My ; , Were estimated using equa-
tion below, the bolometric corrections (BCy ; ,) were calculated using the effec-
tive temperature-bolometric correction calibration presented by Pecaut &
Mamajek (2013).

MV,1,2 = Mbol,l,Z - BCV,I,Z (6)

e Interstellar absorption (44 (b)): An equation given by Bahcall &
Soneira (1980) bellow was used to calculate the interstellar absorption, where
b,Asy(b),d and H represents the galactic latitude of the system, V band total
absorption of the system, the distance and the scale height of the system.

|d sin b|
Ay (B) = Ay (B) [1—exp (— - )] ™)

Ay (b) was taken from Schlafly & Finkbeiner (2011) (http://ned.ipac.cal-
tech.edu/forms/calculator.html). H was taken to be 125pc according to Marshall

et al. (2006).

e Visual magnitudes (my (system)): my (system) was taken from the
APASS database (Henden et al. 2015).
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e  Absolute visual magnitude (M, (system)): M, (system) of V458 And
was estimated using equation below.

My (system) = —2.5log;o(10704Mv.1 4 10704Mv.2) (8)

o Distance from us (d): The distance of the system is calculated from equa-
tion below, where the interstellar absorption is also taken into account.

my (system)—My (system)+5—Aq v (b)

d=10 5 )

It was concluded that the secondary completely filled its Roche lobe, while
the primary did not fill its Roche lobe (see Figure 6). Therefore, a mass transfer
from the secondary to the primary can occur. In this case, the orbital period will
increase. However, there are currently insufficient numbers of minimum times in
the literature to verify the period increase (see O-C gateway, http://var2.as-
tro.cz/ocgate/). To further clarify this situation, in the literature, only 7 minimum
times obtained from the observations of this system between 1999 and 2016 are
given (see O-C gateway). In addition to the minimum times published so far, in
this study 20 minimum times were obtained from the TESS photometric obser-
vations made in 2019 (see Table 1). Unfortunately, it is not possible to sensitively
examine the orbital period change of this system using all available minimum
times. Therefore, sensitive minimum time observations of the system that can be
observed in the future are needed to verify the expected orbital period increase.

As mentioned before, the absolute parameters (see Table 5) are estimated us-
ing the calibrations available in the literature and the light curve solution param-
eters obtained in this study. Therefore, the absolute parameter values of the sys-
tem given here should be supported by future sensitive spectral observations of
V458 And.
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