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Abstract: This study aimed to investigate the effect of priming with plant-
derived smoke solutions (SS) on the germination, seedling growth and chemical
content of three turfgrass species (Lolium perenne, Festuca arundinacea, Poa
pratensis). SS was applied at six concentrations (0, 0.5, 1, 5, 10 and 20%) in
petri and pot conditions. In petri condition, SS did not stimulate the germination
speed, and the highest concentrations (20%) led to lower values than control. In
the pot conditions, seedling growth and chemical content were significantly
stimulated by the SS. The effect of the SS varied depending on the species and
concentrations. Shoot and root length in grass species were improved by the SS,
except in P. pratensis for shoot length. Compared to control, higher shoot dry
weight in F. arundinacea (1%) and higher root dry weight in L. perenne (5%)
and F. arundinacea (0.5%) were determined at certain concentrations. These
results showed that priming with SS at appropriate concentrations may lead to
healthy and vigorous seedlings. When seedling vigor and visuality are evaluated
together, it has been determined that priming with low concentrations of SS such
as 0.5 and 1% can produce vigorous seedling.

Duman Soliisyonlarina Maruz Kalan Bazi Cim Tiirlerinin Cimlenme ve Fide Biiyiimesi

Makale Bilgileri

Gelis: 05.05.2021

Kabul: 13.10.2021

Online Aralik 2021

DOI: 10.53433/yyufbed.932611

Anahtar Kelimeler
Cim tiirleri,

Duman soliisyonu,
Cimlenme,

Fide gelisimi

Oz: Bu galismada, bitki kaynakli duman soliisyonlari ile priming uygulamasinin
ti¢ farkli ¢im tiirtinde (Lolium perenne, Festuca arundinacea ve Poa pratensis)
¢imlenme, fide biiylimesi ve kimyasal igerigi lizerindeki etkisinin arastirilmasi
amaclanmigtir. Duman soliisyonlar1 petri ve saksit kosullarinda alti
konsantrasyonda (%0, 0.5, 1, 5, 10 ve 20) uygulanmistir. Petri kosulunda, duman
soliisyonlart ¢imlenme hizini tegvik etmemis ve en yiiksek konsantrasyonlar
(%20) kontrolden daha diigiik degerlere yol agmustir. Saksi kosullarinda ise fide
biiylimesi ve kimyasal igcerik duman soliisyonlari tarafindan 6nemli dl¢ilide tegvik
edilmistir. Duman soliisyonunun olumlu etkisi tiire ve konsantrasyonlara bagh
olarak degisiklik gostermistir. P. pratensis’ nin siirgiin uzunlugu hari¢ tim
tirlerde siirgiin ve kdk uzunlugu duman soliisyonlar: tarafindan pozitif yonde
etkilenmigtir. Kontrol ile karsilastirildiginda, belirli konsantrasyonlarda F.
arundinacea' da daha yiiksek siirglin (%1) ve kok kuru agirligi (%0.5) ve L.
perenne’ de daha yiiksek kok kuru agirligi (%5) belirlenmistir. Bu sonuglar,
uygun konsantrasyonlarda bitkisel kaynakli duman soliisyonlar: ile priming
uygulamasinin ¢im tiirlerinde saglikli ve kuvvetli fideler olusturulabilecegini
gostermistir. Fide canlilig1 ve gorselligi birlikte degerlendirildiginde %0.5 ve 1
gibi diisiik soliisyon konsantrasyonlari ile priming isleminin daha giiglii fideler
saglayabilecegi tespit edilmistir.
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1. Introduction

Fire and smoke are essential or effective factors for germination in some plants (Crosti et al.,
2006). These effects are particularly evident in seeds that respond to the physical (i.e. temperature and
light) or chemical (smoke, gas, nutrients) germination cues associated with fire. Seeds of many species
germinate in stimulate the embryo directly or in response to physical signals associated with fire, such
as fracturing or desiccation of the seed coat by heat (Jeffrey et al., 1998). Many plant species
particularly grasses rapidly germinate after the rain that followed the bush fires, indicating that plant-
derived smoke contains some bioactive metabolites that are responsible for stimulating seed
germination (Gupta et al., 2020). This is may be associated with physical and chemical results of fire.
Both smoke and smoke-water include chemical stimulants that are active on germination (Van Staden
et al., 2000). High number of the species from different families responded positively to smoke with
significantly higher seed germination (Dixon et al., 1995; Baskin & Baskin, 1998). Stimulating effect
of smoke on seed germination and seedling growth of some economically important agricultural
and horticultural crops (Sparg et al., 2006; Ghebrehiwot et al., 2009; Kulkarni et al., 2011; Basaran et
al., 2019) indicated that plant-derived smoke and agueous extracts could be useful practices in the
wide field of agriculture to improve growth and yield (Elsadek & Yousef, 2019).

Turfgrasses are commonly propagated by seeds. In some genera of turfgrasses, the presence of
low germination percentage and poor seedling vigor are the main problem in seed propagation (Salehi
& Khosh-Khui, 2005; Richardson & Hignight, 2010). A poor seedling emergence leads to a poor
turfgrass stand, and weed infestations (Shiade & Boelt, 2020) results waste of time and resources. It is
very important, particularly under sub-optimal conditions, to reduce the period between sowing and
seedling emergence in turfgrass (Krol et al., 2014).

Plant-derived smoke provided an important germination signal for a number of Poaceae
species (Ghebrehiwot et al., 2009) widely studied in Australian native grasslands for its effect in seed
germination and seedling growth (Dixon et al., 1995; Read & Bellairs, 1999; Clarke & French, 2005),
and results showed the effect of smoke on grass species was highly variable. Besides these different
results on different grass species, there is little information about smoke solution effects on turfgrass.

The objective of this study was to investigate the effects of smoke solutions on seed
germination and seedling growth of widely cultivated turfgrass species such as Lolium perenne,
Festuca arundinacea and Poa pratensis.

2. Materials and Methods

In this study, local commercial seeds of Lolium perenne (Lp), Festuca arundinacea (Fa) and
Poa pratensis (Pp) were used as the plant material. Germination and seedling growth parameters were
determined under fully controlled climate room conditions at the Agriculture Faculty of Yozgat Bozok
University. Smoke-water was produced by burning 5 kg of wheat straw using a special mechanism
(furnace, vacuum machine and large jar), and smoke generated was passed through a glass column
containing 5000 mL of tap water until the burning is complete (Basaran et al., 2019). The solution was
then filtered with filter papers and used as the stock solution. For different concentration, stock
solution was diluted with distilled water. Germination tests were performed separately in petri and pot
conditions.

2.1. Petri experiment

The seeds of each species were primed in different concentrations (0%, 0.1%, 0.5%, 1%, 5%,
10%, 20%) of smoke solution for 18 hours at room conditions (20+2 °C). Then seeds were placed in 90
mm petri dishes on filter paper as 25 seeds for Lp and Fa and 50 seeds for Pp with three replications.
After 3 ml distillate water added, petri dishes were isolated with parafilm and incubated at a constant
temperature (22 “C) under 16:8 h light/dark photoperiod. Germination characteristics of the species
were collected different times due to genetically different germination habits; for Lp, Fa and Pp on
day 8, 19 and 26 respectively. Seeds with a radicle length of >2 mm were considered germinated.
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Germination percentage (1) and speed (2) were determined with the following formulas:

Number of total germinated seeds

G inati t GP) = 100
ermination percentage (GP) Total number of seeds tested x @
L Number of germinated seeds Number of germinated seeds
Germination speed(GS) = - - 2
Day of first count Day of final count

2.1. Pot experiment

The pots (30 x 40 x 7 cm) were filled with same soil to 4 cm height. Seed norm for pots were
30 gm?in Lpand Fa, and 15 g m2in Pp. After sowing the seeds were covered with approximately 1
cm of soil and irrigated with the concentrations (0.5%, 1%, 5%, 10% and 20%) of smoke solutions up
to field capacity and also with tap water (0%) as control. All the treatments were repeated three times,
resulting in a total of fifty-four pots. Then pots were taken into the climate room at 22 °C and 16:8
hour light/dark photoperiod. Subsequent irrigation was done with tap water.. In pot experiment, shoot
length, root length, shoot dry weight, root dry weight, crude protein and mineral content of shoots
were determined. These parameters were collected 21, 28 and 34 days after sowing in Lp, Fa and Pp
respectively.

Dry weight was determined separately in shoot and root samples. To determine the dry weight,
samples were weighted and then dried to constant weight at 70 *C (Chumpookam et al., 2012). Crude
protein and mineral content was determined only in shoot samples by using near infrared reflectance
spectroscopy (Foss 6500) (Foss NIRSystems, Inc., Silver Spring, MD, USA) with ICO904FE software.

All the data were subjected to SPSS 20.00 analysis and the differences between the means
were determined using Duncan’s multiple comparison tests, separately for each species.

3. Results
3.1. Petri experiment

In the petri experiment, the effect of smoke solutions (SS) on germination speed was
significant (p<0.01). The percentage of germination in turfgrass also differed significantly (p<0.01)
amongst the treatments (Figure 1). However, SS treatments did not provide any improvement
compared to control both in germination speed and percentage and even resulted with lower values,
especially at the highest SS doses (20%).
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ang B B m I BB
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AEEEHED HE HEH [ B M E
80 -8 K B B E kO B B M m BB
HEEE A HE HEH BB, HHEE
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X MEEEERB MHE BB H BoEY e E
Q B EE BB OEEE BOE o EE
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B EE BB OEEE BEEEEEE
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H K% Q%% H Kk ox*
Lolium perenne Festuca Poa pratensis Lolium perenne Festuca Poa pratensis
; o ;
arundinacea arundinacea**

Figure 1. The main effect of priming with smoke solution in different concentrations (%) on
germination speed (GS) and germination percentage (GP) in the studied turfgrasses in petri
condition (**:p<0.01).
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3.1. Pot experiment

In pot condition, the effect of the concentrations of SS on the shoot and root length of grass
species was evaluated (Figure 2). The effect of SS on grass species was different (Figure 3). The shoot
length was significantly (p<0.01) altered in Fa and Pp by SS. Shoot length promoted by SS and was
higher than control in Fa at all the concentrations. Contrarily, shoot length decreased in Pp under all
the concentrations of SS. The effect of SS on root length was significant (p<0.01) and positive in Lp.
The lowest root length of Lp (10. 17 cm) was measured in control treatment. Root length of Fa and Pp
were found to be insignificant among the treatments.

a a
ab
% ab
5 16 -
.20 -
E E — o
&) €
~ = K3 24
£ e & 812 A 4
S) o i a < ¢ =
9 15 - 2 b e
B - 5 o : &3
< (e & - o B &
n B & E o B B
: 84 &
10 n £ 4 - K [
o
Lolium perenne Festuca Poa pratensis** Lolium perenne** Festuca Poa pratensis
arundinacea** arundinacea

Figure 2. The main effect of smoke solution concentrations (%) on shoot length and root length in the
studied turfgrasses in pot condition (**:p<0.01).
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Lolium perenne

Festuca arundinacea

Poa pratensis

0% 0.5% 1% 5% 10% 20%

Doses

Figure 3. The view of turfgrasses on harvest time at different concentrations of smoke solution. Harvest times: 21 DAS for Lolium perenne, 28 DAS for

Festuca arundinacea and 34 DAS for Poa pratensis. (DAS: days after sowing)
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The effect of the treatments on shoot dry weight was significant (p<0.01) in the Fa and Pp.
(Figure 4). The highest shoot dry weight of Fa was determined at 1% of SS. But, shoot dry weight of
Pp was statistically not above control at any SS dose. The highest concentration (20%) resulted in a
significant reduction in shoot dry weight in both Fa and Pp compared to control. This result indicates
that solution concentration is crucial and has a species-specific effect. In terms of root dry weight,
significant (p<0.01) variation was observed among to treatments in the three turfgrass species (Figure
4). Doses of 5% in Lp and of 0.5% in Fa showed higher root dry weight than control, but other
concentrations were lower than control. Root dry weight in Pp was adversely affected by SS, with
lower values than control at all concentrations.
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Figure 4. The main effect of smoke solution concentrations (%) on shoot and root dry weight (g) in the
studied turfgrasses in pot condition (**:p<0.01).

The species-specific effect of SS concentrations was also evident in protein content. In terms
of crude protein content in shoot, SS showed no significant change in Lp, however, was significant in
Fa (p<0.01) and Pp (p<0.05). All the treatments in Fa and Pp were of higher values than control,
except for Pp at 5% (Figure 5). The maximum protein content was detected at concentrations of 5%
(20.28%) and 20% (20.43%) in Fa and at 20% (18.86%) in Pp.
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Figure 5. The main effect of smoke solution concentrations (%) on crude protein content (%) of shoot
in the studied turfgrasses in pot condition (**: p<0.05, p<0.01).

The results also showed that SS altered the mineral (Ca, Mg, P and P) uptake of the turf
grasses studied (Figure 6). In terms of P content, the effect of SS was significant in Lp (p<0.05) and
Fa (p<0.01), but not in Pp. It enhanced P uptake in Lp only at the highest concentration (20%) and
other concentrations were similar to control. With SS treatments, except 1%, P content was higher

than control in Fa.
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Figure 6. The main effect of smoke solution concentrations (%) on mineral content (%) of shoot in the
studied turfgrasses in pot condition.*: p<0.05 for P in Lolium perenne, Mg in Festuca
arundinacea and Ca in Poa pratensis, K in Fa and Pp **: p<0.01 for Ca in Lolium perenne
and for Ca and P in Festuca arundinacea.

Compared with the control, it did not promote the Ca content in Lp and further reduced at the
5% and 20% concentrations. The stimulating effect of SS on Ca content was detected at all
concentrations in Fa while at medium concentrations (0.5%, 1% and 5%) in Pp. The effect of SS on
the Mg content was significant (p<0.05) only in Fa, with the highest value at the 1% and 20%
concentrations. In Fa and Pp, it resulted in a significant change in K content, but not statistically
above control. The K content was lower than the control at the 1% doses in Fa and 0.5% and 5% in Pp
(Figure 6).

4. Discussion and Conclusion

Under petri conditions, the effect of SS on the germination speed and percentage of Lp, Fa and
Pp was significant but not positive. Different results have been achieved in previous studies depending
on the species studied, the plant used in the preparation of the smoke solution and the concentration of
the solution (Elsadek & Yousef, 2019). It was reported that smoke solution improved seed germination
at low concentrations while it inhibited at high concentrations (Light et al., 2002; Chumpookam et al.,
2012; Basaran et al., 2019; Gupta et al., 2020). The negative impact of SS in this study suggests that
the concentrations examined may be high.

The results in pot experiment showed that the effect of the SS on the shoot and root length
shoot and root dry weight, crude protein and mineral matters (Ca, Mg, K, P) is extremely complex and
species-specific. Additionally, these differences can be related to the source of SS (wheat straw) or
concentrations. Stimulating effect of SS on germination and seedling growth changed depend on the
plant species used to prepare of solution (Elsadek & Yousef, 2019). Ghebrehiwot et al. (2012) reported
that SS at 0.02% resulted significantly longer shoots or roots than control in six dominate species
grown South African mesic grassland, but the degree of response varied from species to species. Also,
Adkins & Peters (2001) found that the optimal concentration of SS were different for promoting the
germination of Avena fatua and Malvane glecta. It is reported that aerosol smoke treatment at
different periods (1, 2, 3 and 4 h) significantly improved root length (2.6%), shoot length (7.7%) and
leaf area (63.9%) in four wheat cultivars, and this effect was observed in short time exposures (1-2 h)
and varied amongst cultivars (Igbal et al., 2017). In addition, positive effects were determined at low
concentrations and toxic effects of high concentrations were reported almost in all the studies on
smoke solutions. Promotive effect of SS was also demonstrated on the root length of soybean treated
with 2000 ppm within 4 days (Zhong et al., 2020). It has been previously reported that SS (at 1, 5, 10,
20, 40% concentrations) differently effected shoot and root dry weight in grass pea (Lathyrus sativus
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L.); shoot dry weight was stimulated notably at moderate concentrations (5% and 10%), but root dry
weight was lower than control and also decreased in parallel to the concentrations (Basaran et al.,
2019). It was also reported by Aslam et al. (2015) that SS obtained from different plants promoted
shoot and root mass in wheat at very low concentrations (<0.001%).

The positive effect of SS on shoot protein content was valid even at high concentrations
depends on species. Similar findings were declared by Basaran et al. (2019). Proteomic analysis on 4-
day-old maize revealed that exposing 2000 ppm of SS lead significant variation in the presence of 69
proteins (Aslam et al., 2019). The increase in protein content with the SS also reported in maize
seedling by Waheed et al. (2016) and attributed to the advance in chlorophyll content. The stimulating
effect of SS on the mineral-nutrient status has been reported by different authors. Elsadek & Yousef
(2019) who investigated the effects of SS derived from five different plants on mineral content in four
crops reported that it contributed significantly to N, P, and K uptake depending on the species. Also,
the nitrogen and magnesium content in the shoots were significantly improved with SS in papaya
seedlings, but other minerals (P, K, Ca, Fe, Zn, Mn, and Cu) were similar to control (Chumpookam et
al., 2012). Similarly, priming with SS increased the level of K, Ca, N and protein content in maize
seedling while decrease Na content, and also alleviated the negative effect of salt stress (Waheed et al.,
2016).

The results revealed that SS has a negative impact on germination in petri dishes but it has
stimulated seedling growth in pot conditions in different degrees depending on the species or
concentration.

SS have different stimulative effects on root, shoot grow and mineral uptake in each species.
High concentrations did not have as much negative impact on protein and mineral content as on other
properties, even caused better results. In addition, no visual or physiological problems were observed
on plants in pot conditions at high concentrations. This indicates that high concentration increase
mineral uptake and protein synthesis but not support vegetative growth too much. In addition, the
effect of dense solutions may decrease in soil due to chemical or physical reasons. Therefore, suitable
applications of smoke solution may lead to healthy, stress-resistant and vigorous seedlings even under
lower fertilization. This is point out exciting economic and ecological advantages in turfgrass culture
but that may be possible with new studies that are specific to species or even to characteristics.
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Oz: Bu calismada, giyilebilir minyatiir atalet sensor kullanilarak insan alt
ekstremite aktivitelerinin  simiflandirilmast  ¢alismasi  gergeklestirilmistir.
Calismada kullanilan atalet sensorii dokuz serbestlik dereceli olup biinyesinde ii¢
eksenli bir jiroskop, {i¢ eksenli bir ivmedlger ve ii¢ eksenli bir manyetometre
barmdirmaktadir. Goniillii kisinin sag ayak bilegine giydigi takilan bir adet atalet
sensOr vasitastyla kisin yiirime, kogma, merdiven ¢ikma, oturma hareketleri
esnasinda hareket verileri toplanmis ve kaydedilmistir. i1k olarak kaydedilen bu
i sensOr verisi sentezlenerek bacagin hareket esnasindaki kinematik yonelim
acilart (yunuslama, yuvarlama, yalpa) hesaplanmistir. Sonrasinda bu yonelim
acilarina ait iki adet 6zellik (enerji ve maksimum deger) matrisi hesaplanmistir.
Hesaplanan bu 6zellik matrisleri hareket smiflandirma algoritmalarina girdi
olarak verilmistir. Calisma kapsaminda dort adet hareket smiflandirma
algoritmasi kullanilmistir. Bunlar Karar agaci, k-en yakim komsu, destek vektor
makinasi ve rastgele orman smiflandirma algoritmalaridir. Tiim alt ekstremite
hareket tiplerinde en yiiksek siniflandirma basarisi en yakin komsu siniflandiricist
ile elde edilmis olup yiiriime, kosma, oturma, merdiven ¢ikma hareketleri igin
strast ile hareket siniflandirma dogrulugu %83.3, %100, % 83.3ve %91.6°dir.
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Abstract: In this study, a classification study of human lower extremity activities
was carried out using a wearable miniature inertial sensor. The inertial sensor
used in the study has nine degrees of freedom and includes a three-axis gyroscope,
a three-axis accelerometer and a three-axis magnetometer. Movement data were
collected and recorded during the walking, running, climbing stairs and sitting
movements of the volunteer by means of an inertial sensor worn on the right ankle
of the volunteer. Firstly, these three recorded sensor data were synthesized and
the kinematic orientation angles (pitch, roll, yaw) of the leg during the movement
were calculated. Then, two property (energy and maximum value) matrices of
these orientation angles were calculated. These calculated feature matrices are
given as input to motion classification algorithms. Within the scope of the study,
four motion classification algorithms were used. These are decision tree, k-
nearest neighbor, support vector machine and random forest classification
algorithms. The highest classification success in all lower extremity motion types
was obtained with the nearest neighbor classifier, and the motion classification
accuracy was 83.3%, 100%, 83.3%, and 91.6% for walking, running, sitting, and
climbing stairs, respectively.
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1. Giris

Diinya Saglik Orgiitii diinyada bir milyardan fazla kisinin fiziksel engelli veya hareket
yetenegini kisitlayici hastaliklara sahip oldugunu rapor etmistir. Artan yasli niifusu ile birlikte toplumun
azimsanamayacak kadar biiyiik bir bolimii alt ekstremite motor fonksiyonlarimin azalmasindan
sikayete¢idir (Chen ve ark. 2021; Wei ve ark. 2021; Lariviere ve ark 2018). Insan alt ekstremite hareketlerinin
izlenmesi ve takip edilmesine yonelik yontemlerin gelistirilmesi rehabilitasyon alaninda oldukca
popliler arastirama konular1 arasinda yer almaktadir. Bu calismalar hem kisilerin fonksiyon
yeteneklerinin uzmanlar tarafindan dogru tespiti ve takibini saglamak agisindan hem de robotik
rehabilitasyon cihazlarmin tasarimina yonelik alt yapi olusturmasi agisindan son derece onemlidir.
Kisilerin alt ekstremite hareketlerini tespit etmek amaci ile kullanilan iki temel yaklagim s6z konusudur.
Bunlar bilgasayarli gorme tabanli yontemler ve giyilebilir sensorler tabanli yontemlerdir (Barshan &
Yurthan,2020).

Bilgisayarla gorme tabanli yontemde bir veya birka¢ kameradan alinan goriintiiler izerinden
video isleme yontemleri kullanarak insan alt ekstremite aktivitelerinin tespiti yapilir. Baz1 aragtirmacilar
uzunlarin konumlarini belirlemede isaret¢i tabanli sistemler (Aristidou & Lasenby, 2013) ve derinlik
6l¢tim kameralarinin (LaBelle, 2011; Hondori & Khademi, 2014) kullanim1 veya ¢oklu kamera kullanimini
onermislerdir (Moeslund & Granum, 2001; Moeslund ve ark., 2006; Wang ve ark., 2003; Aggarwal &
Cai, 1999). Ancak pek ¢ok dezavantaja sahiptirler. Kamera sistemlerinin kurulumu ve kullanimi
faaliyetlerin bir ev, laboratuvar veya ofis ortami iginde olusturulmasini gerektirmektedir ve ¢aligma
alanin1 sinirlamaktadir. Ayrica kamera verisinin kalitesini aydinlatma, 11k, titresim, ¢evre kosullarina
vs. gibi faktorlerden etkilemektedir. Bir diger dezavantaji ise kayit esnasinda tek bir kamera
kullanildiginda, 3 boyutlu sahneye ait 6nemli bilgilerin kaybiyla goriintiiniin 2 boyuta indirgenmesi ile
sonuclanmaktadir. Insan hareketlerini izlemek i¢in kameralarin kullanimi ydnteminde ise insan
uzuvlarina 151kl veya reflektorlii marker (isaretci) yerlestirilerek ilgi noktalarin konumlarindaki
degisimin goriintii temelli izlenmesi, hesaplanmasi ve hareketin takip edilmesi prensibine dayanir. Insan
viicudunun pargalar1 veya ¢evrelerindeki nesneler tarafindan markerlerin (isaretgilerin) kapanmasi
gorlintirliigiiniin engellenmesi veya golgelenmesi gibi durumlar s6z konusudur ve hareketin takibini
zorlastirir. Smursiz bir 3B alanda invaziv olmayan sensorlerle hareketi dogru bir sekilde tahmin etmek
biiyiik bir zorluktur (Chen ve ark. 2021).

Giyilebilir sensorler, bilgisayarli gorme temelli yontemler ile karsilastirildiginda 151k ve ses gibi
cevresel faktorlerden etkilenmezler. Ayrica gérme temelli sistemlere nazaran daha yiiksek yiiksek
hareket tanima dogruluguna sahiptirler. Hareket takibinde en yaygin kullanilan sen sor tipi atalet
sensorleridir (Wei ve ark. 2021). Atalet Sensérleri (MIMU) temel olarak ti¢ sensor grubunun birlesimidir.
Bunlar ivmedlger, jiroskop ve manyetometreyi biinyesinde barmdirir. Jiroskop, bir hassasiyet ekseni
etrafinda acisal oran bilgisini, ivmeolcerler dogrusal veya acisal hiz oranin1 ve manyetometreler ise
manyetik alan yogunlugunu verirler (Hyeon-Kyu & Kim, 1999; Junker ve ark., 2008; Lementec &
Bajcsy, 2004).Mevcut atalet sensoOrlerinin boyutu, agirligi ve maliyeti de mikroelektromekanik
sistemlerin (MEMS) hizli gelisimi ile 6nemli 6lclide azalmis ve giyilebilir sensor yapisina ulasilmistir.
Boylece viicudun istenilen 6n ve arka uzuv yiizeyine konumlandirilabilirler. (Titterton & Weston, 2004).
Atalet 6l¢tim birimleri (IMU'lar) sensdrlerinin, bir 6znenin hareketini izlerken ve 6lgerken kiigiik, hafif
ve giyilebilir olacak sekilde tasarlanmalar1 ve 6zellikle diisiik maliyet ve diisiik gii¢ tiiketimi ile veri
kaydetme yetenegine sahip olmalar1 biiyiik avantajdir (Chen ve ark., 2021). Giyilebilir MEMS atalet
sensorler ile insan hareket aktivitesini izleme, tanima ve siniflandirma alaninda pek ¢ok yeni ¢alisma
mevcuttur (Roetenberg ve ark, 2009; Struzik ve ark. 2015; Yu ve ark, 2016; Zijlstra & Aminian, 2007;
Mathie ve ark., 2004; Wong ve ark., 2007; Tungel ve ark., 2009; Sabatini, 2006). Arastirmacilar
biyomekanik (Sabatini, 2006; Audigie” ve ark.; 2002), ergonomi (Parkka ve ark., 2006), fiziksel ya da
zihinsel engellilerin, yashilarin ve ¢ocuklarin uzaktan izlenmesi(Mathie, 2004), diismelerin tespiti ve
siniflandirilmast (Hauer ve ark., 2006; Noury ve ark., 2007; Kangas ve ark., 2008) tibbi tan1 ve tedavi
(Wu ve ark., 2007), ev-temelli iyilestirme yani fizik tedavi (Jovanov ve ark., 2005), spor bilimi (Ermes
ve ark., 2008), bale ve diger danslarda hareket takibinde (Aylward v& Paradiso, 2007), animasyon ve
film yapimu, bilgisayar oyunlari (Lee ve Ha, 2001; Shiratori ve Hodgins, 2008), profesyonel simiilatorler
tasarimi, sanal gerceklik ve hareket dengeleme yoluyla ekipmanin stabilizasyonudur.

Yonelim hesaplamasi i¢in Jiroskopun tek basina kullanimi miimkiin olsa da uzun vadedeki
kayma yani drift hatalar1 olugsmakta ve dogruluk azalmaktadir. Aragtirmacilar bu problemi ¢6zmek i¢in
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atalet sensor ve manyotemetre sensor verilerinin birlikte degerlendirilmesi yontemini 6nermislerdir. Ve
pek ¢ok galismalar yapmiglardir (Roetenberg ve ark., 2007; Bao ve Intille, 2004; Zhu ve Zhou, 2004;
Yun ve ark., 2007).

Bu makalenin de konusunu olusturan alt ekstremite hareketlerinin tanimlanmas: alanindaki
calismalar analiz edilecek olursa pek ¢ok arastirmaci temel giinliik hareketlere oturma, kalkma ve
yiiriime, merdiven inme ve ¢ikma odaklanmistir. (Mathie ve ark., 2004; Bao & Intille, 2004; Veltink ve
ark., 1996; Kiani ve ark., 1997; Foerster ve ark., 1999). Arastirmacilarin ¢alismalarinda kullandiklari
sinyal isleme ve hareket algilama teknikleri ve sensor Konfiglirasyonu, sensor sayist ve serbestlik
derecesi (DoF) bilgileri calismadan ¢alismaya farklilik gostermektedir (Mathie ve ark., 2004; Karantonis
ve ark., 2006; Allen ve ark., 2006). Bu konuda genel kabul gérmiis bir protokol mevcut degildir (Bao
& Intille, 2004). Bu alandaki en ayrintili ¢alisma 19 adet giinliik viicut ve spor aktivitelerinin X-sens
firmasmin rettigi MIMU sensorler vasitasi ile siniflandirilmasma iliskin Barshan & Altun’un
gergeklestirdigi laboratuvar ¢aligmalarinin sonuglarini sunduklart yayin dizisidir (Kern ve ark., 2003;
Altun ve ark., 2010; Barshan ve Yiiksek, 2014; Altun ve Barshan, 2010). Altun ve Barshan,2010
calismalarinda yirime, kosma, merdiven inme, sandalyeye oturma kalkma hareketlerini
siiflandirmaya ¢alismislardir. Goniillii kisiler sag veya sol ayak bileklerine bir adet 9 serbestlik dereceli
IMU sensor (jiroskop, ivmedlger ve manyetometre) giymis ve hareket verileri toplanmistir. Bu veriler
gelistirdikleri hareket tespit algoritmasinda degerlendirilmis ve kisinin hareket tiiriiniin tespiti
gerceklestirilmistir. Xia ve ark, 2021; yalnizca tek bir atalet 6l¢tim birimi (IMU) sensérii ile dogru ve
saglam hareket tipi siniflandirmasi i¢in derin 6grenme yontemi 6nermis maksimum %87.16 minimum
%73.80 basar1 elde etmislerdir. En spesifik hareket tanima c¢alismalar1 ise spor alaninda
gerceklestirilmektedir (Hoppe ve ark.,2018; Serpiello ve ark., 2018). Ornegin masa tenisi (Blank ve ark,
2015), beyzbol (Punchihewa ve ark., 2019), basketbol (Ma ve ark.,2018), voleybol (Kautz ve ark, 2017)
ve ylizme (Zhang ve ark, 2017) spor hareketlerinin taninmasina y6nelik ¢alismalart mevcuttur. Vleugels
ve ark. 2021; buz hokeyi sporundaki alt1 hareketi simiflandirmak i¢in CNN algoritmas1 gelistirmis ve
ortalama %76 basari ile siniflandirmislardir.

Bu ¢alisma kapsaminda tek bir atalet sensorii kullanilarak gomiilii sistem karti tizerinde gergek
zamanl olarak ¢alisan diigiik maliyetli ve yiiksek siiflandirma dogruluguna sahip bir alt ekstremite
hareket tespit uygulamasi gergeklestirilmistir. Makalenin organizasyonu ise, Bolim 2’de metot
bolimiinde atalet verisinin toplama protokolii, sentez algoritmasi ile euler agilarinin hesaplanmasi,
siiflandirma algoritmalari ve hiper parametrelerinin se¢imine ait ayrintilar yer almaktadir. Béliim 3°de
deneysel bulgular ve grafiklere yer verilmis, Bolim 4°de ise elde edilen sonuglar tablo ile 6zetlenip
yorumlanmustir.

2. Materyal ve Yontem

Alt ekstremite aktivitelerinin siniflandirilmasi amaci yapilan deneysel c¢alismaya 18-25 yas
araliginda iki erkek goniillii katilmigtir. Katilimeilar sag ayak bilegine yakin bir noktaya Thalmic
firmasinin tirettigi bir adet giyilebilir IMU sensorii giymislerdir (Sekil 1). IMU sensor tizerinde bir adet
3 eksenli ivmedlger (ax,ay,az), jiroskop (jx.jy.jz) ve manyetometre (my,my,m;) bulunmaktadir. Sensor
tizerinde yer alan bluetooth verici modiilii (2.402-2.480 GHz frekans araliginda) sayesinde toplanan
ivmelenme, jiroskop ve manyetometre verileri hareket esnasinda Raspberry Pi 3 gomiilii sistem kartina
iletilmistir (Sekil 2). Raspbery Pi 3 gémiilii sistem karti, dort ¢ekirdek 64-bit 1.4GHz A53/ARMv8
islemciye, IGB RAM’a, 40 giris ¢ikis portuna, 4 USB girigine ve harici veri depolama iinitesine sahip
bir islemci kartidir. Ayrica dahili bluetoth modiilii modiilii bulunmaktadir.

Sekil 1. Thalmic MIMU Sensor ve kullanici tizerindeki foté)gre{f;
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Deneye katilan kisilerden sirasi ile ylirlime, kosma, ayakta iken sandalyeye oturma, merdiven
cikma aktivitelerini 15 tekrarli olarak gerceklestirmeleri istenmis bu esnada hareket verileri
kaydedilmistir. Dort hareket icin iki kisiden 15 tekrarli olarak 20’ser saniyelik hareket veri seti
toplanmistir. Bu veriler Bluetooth protokolii ile Raspberry Pi 3gomiilii sistem kartina iletilmis ve 50
Hz’lik 6rnekleme frekanst ile 6rneklenerek kaydedilmistir. Caligmanin yontemsel akis semasi Sekil 2°de
yer almaktadir. Kaydedilen ivme 6Slger, jireskop ve manyetometre verileri sentezlenerek kuaternion ve
euler hareket oryantasyon vektorleri hesaplanmistir. Euler agilari kullanilarak 6zellik matrisi
hesaplanmis ve simiflandirma algoritmalarina girdi olarak verilmistir. Siniflandirma algoritmalari
sonucunda da hareket tiirii bilgisi tiretilmistir.
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Sekil 2. Calismanin donanimsal ve yontemsel blok semas.
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Sekil 3. Yiirlime hareketi esnasinda sag bacak bileginden alinan IMU verisi.
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Sekil 4. Kosma hareketi esnasinda sag bacak bileginden alinan IMU verisi.
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Sekil 5. Sandalyeye oturma esnasinda sag bacak bileginden alinan IMU verisi.
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Sekil 6. Merdiven ¢ikma esnasinda sag bacak bileginden alinan IMU verisi.

2.1. Atalet sensor verilerinin sentezi ve Euler hareket oryantasyon agilarinin hesaplanmasi

Yonelim bilgisini elde etmek i¢in jiroskoplardan, ivmedlcerlerden ve manyetometrelerden gelen
bilgiyi en uygun sekilde sentezlemek gereklidir. Sentezleme algoritmalar1 kavramsal olarak iki ayri
bloktan olusmaktadir. Bunlar 1) jiroskoplardan hesaplanan yonelim degeri ve 2) ivmedlger ve
manyetometrelerden hesaplanan yonelim degeri. Oryantasyon sentez algoritmalart bu iki bagimsiz bir
yonelim tahminini kullanarak her iki yaklasimdan elde edilen sonuglari kaynastirmakta ve tek bir
cozlime entegre etmektedir. Jiroskop ile tek basina yonelim bilgisini hesaplamak miimkiin olsa da uzun
vadede olusan kayma yani drift hatasi 6nemli bir problemdir. Bu nedenle manyetometre ile
kalibrasyonunun yapilmasi yani sonuglarin sentezlenmesi gereklidir. Bu sentezleme yaklagimi hareket
yonelim agilarinin yani Euler agilarinin (yunuslama, yuvarlama ve yalpa agilart) dogru hesaplanmasi
icin etkin bir yontemdir. Bu ¢alismada Magdwick sentez algoritmasi kullanilmistir. Bu algoritma,
gradyan inis optimizasyonuna dayanir. Her ii¢ sensoriin (ivme olger, jireskop ve manyetometre)
katkisini en uygun sekilde agirlik andirarak oryantasyon tahmin formulasyonuna birer paramete olarak
ekler. Bu algoritma ile oryantasyon verilerinin kuaternion gosterimi hesaplanir. Kuaternionlar, dort
elemanli matematiksel bir notasyondur. Kuaternion’lar, rotasyon i¢in kullanildiklarinda dort elemandan
ilki doniisiimiin miktarini kalan {i¢ii doniisiimiin ¢evresinde gergeklestigi vektori verir. Euler agilari ise
3 boyutlu uzayda nesnelerin rotasyon hareketini tanimlamak i¢in kullanilan ii¢ agtya (yunuslama, sapma
ve yuvarlanam) verilen toplu isimdir. Bir nesnenin ii¢ boyutlu uzayda rotasyonunu ifade etmek icin bu
iic acty1 birlikte kullaninz. Ancak bazi agi degerleri i¢in gimbal yonelim halkalarinda kilitlenme
problemi ortaya ¢ikmaktadir. Bazi agilar i¢in ger¢eklesen bu kitlenmeden bagka bir rotasyona gegilmek
istendiginde bu gecis direkt olarak ifade edilemez ve ancak bagka gegislerin toplami olarak ifade
edilebilerek gergeklestirilir. Bu sebepten o&tiirli i¢ boyutlu uzayda rotasyon gostermek igin
kilitlenme/¢akisma durumlarina mahal vermeyen Kuaternion sisteminin kullanimi tercih edilmektedir.
Kuaternion matrisinden euler agilarma doniisiim ise Esitlik (1) yardimi ile ¢ok kolay bir sekilde
gergeklestirilir.
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Bu c¢aligma kapsaminda atalet sensor verilerinin sentez algoritmasi ve euler agilarina doniisiim
hesaplamalart Raspberry pi 3 gomiilii sistem karti {izerinde python dilinde yazilmis kodlar ile
gergeklestirilmistir. Sekil 7 ve Sekil 8’de her bir harekete iliskin hesaplanmis kuaternion matrislerinin
ve euler agilarinin degisim grafikleri gortilmektedir.
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Sekil 7. Hareket tiiriine gore hesaplanan kuaternion matrisi.
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Sekil 8. Euler agilarinin hareket tiiriine gore degisim grafigi.
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3. Bulgular

Hareket siniflandirma algoritmasinin basarisini arttirmak i¢in ham sinyallerin kullanim1 yerine
sinyallerin 6znitelikleri ¢ikarilmis ve siniflandirma algoritmalarina bu 6zellikler girdi olarak verilmistir.
Ozellikler kiimesi olarak hesaplanan degerler yunuslama, yuvarlama, yalpa agilarmin enerjileri ve
maksimum degerleridir. Bu 6zelliklerin segilme nedeni bir sinyalin enerji ve maksimum degerinin bir
sinyali diger sinyalden ayiran en 6nemli nicelikler olmasidir. Sekil 9’da hesaplanan o6zniteliklerin
hareket tiiriine gore degisim grafigi goriilmektedir.
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Sekil 9. Hareket tiiriine gore hesaplanan sinyal 6znitelikleri.

Hesaplanan hareket 6znitelik veri setinin sayica %70’ makine 6grenmesi temelli siniflandirma
algoritmalarinin egitimi i¢in kullanilmigtir. Verilerin geri kalan %30’u ise algoritmalarin basarisini
analiz etmek igin test verisi olarak kullanilmigtir. Hareket siniflandirmasi i¢in dort tip makine 6grenme
algoritmasi kullanilmistir. Bunlar sirasi ile en yakin komsu algoritmasi (KNN), karar agaci algoritmasi
(DT), rastgele orman algoritmasi (RF) ve destek vektdr makinasi algoritmasidir (SVM). Kullanilan
algoritmalar igin segilen hiper parametreler Cizelge 1’de yer almaktadir. Kullanilan algoritmalarin test
basarilar1 Esitlik (2) yardimi ile hesaplanmis ve algoritmalarin performanslart karsilastirmali olarak

yorumlanmustir.
TP.+TN,

CACC = ,c={12,..NC} 2
TP,+TN +FP.+FN,
Cizelge 1. Siniflandirma yontemleri ve segilen hiper parametreler
En yakin Komsu Karar Agaci Rastgele Orman Destek Vektor Makinast
Algoritmasi Algoritmast Algoritmasi Algoritmast
Komsu Orman AdaBoost Metot .
Komsu sayis1 4 5 i . . Lineer
sayisi Yontemi fonksiyonu
Mesafe Boliintileme 20
_— Manuel
Gini N7 Oklit  Sayis: metot skalasi
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Kriteri cesitlilik Ogrenici 30 One-vs-
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4. Tartisma ve Sonuclar

Giyilebilir ataletsel sensor vasitasi ile alt ekstremite hareketlerinin (yiiriime, kosma, oturma,
merdiven ¢ikma) siiflandirmasi ¢alismasinda hareket tiirlerine gére % siniflandirma basarisi Cizelge
2’de sunulmustur. En yiiksek siniflandirma basarisinin tiim siniflandiricilar i¢cin kogsma hareketinde, en
diisiik basarinin ise oturma hareketini siniflandirmada ger¢eklesmis olugu goriilmektedir. Bunun nedeni
kisinin ayak bilegine yakin olarak konumlandirilan IMU sensorde, merdiven ¢ikma ve kogma aktiviteleri
esnasinda x,y ve z eksenlerinin ii¢ciinde de yiiksek oryantasyon degisimi olugmakta ve 6l¢iilmektedir.
Oturma hareketi esnasinda ise ayak bileginin hareketi ve yer degisim miktar1 sinirli olup IMU sensoriin
algiladigi dl¢iilen euler agilarinin enerjisi ve maksimum degeri kiiciiktiir. Bu da hareketin siniflandirma
basarisini diisiirmektedir.

Cizelge 2. Hareket tiiriine gore siniflandirma basarisi

Hareket Tipi Siniflandirma Algoritmasi Tiirii
En yakin Komsu Karar Agact Rastgele Orman Destek Vektor
Algoritmasi Algoritmasi Algoritmasi Makinast Algoritmasi
Yiiriime 83.3 86.1 91.6 80.5
Kosma 100 95.8 100 100
Oturma 83.3 75.0 70.8 66.6
Merdiven Cikma 91.6 87.5 91.6 75.0

Cizelge 3’de ise tiim hareket tiirleri i¢in siniflandiricilarin ortalama basart degerleri yer
almaktadir. Ortalama smiflandirma basarisi en yiiksek algoritma %~89.555 ile en yakin komsu
algoritmasi, basarisi en diigiik algoritma ise %81.5 ile destek vektdr makinasi algoritmasidir. Bu basari
katilimcilara giydirilen IMU sensor sayist arttirilarak (her bacagin femur ve tibia kemiklerinde birer
tane) yiikseltilebilir olsa da sensor sayisinin arttirilmasinin hesaplama karmasikligini ve hesaplama
stiresini arttiracagl da unutulmamalidir. Ayrica ¢aligmanin bilgisayar ortaminda degil gomiilii sistem
kart1 iizerinde gergek zamanh ¢alistig1 analiz edilirse, sensor sayisinin kabul edilebilir diizeyde olan
(%80 basar1 ile) minimumda tutulmasi hesaplama yiikiiniin ve kod karmasiklifinin engellenmesi
acisindan da 6nemlidir.

Cizelge 3. Tim hareket tiirleri i¢in ortalama siniflandirma basarisi

En yakin Komsu Karar Agact Rastgele Orman Destek Vektor
Algoritmasi Algoritmasi Algoritmasi Makinas1 Algoritmasi
89.55 82.9 88.5 81.5
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Bu ¢alismada Cyclo(Phe-Phe) dipeptidinin 3-Boyutlu yapisi teorik konformasyon
analizi (TKA) metodu ile belirlenmistir. Konformasyon analizinde, Ramachandran
haritalarindan yararlanilarak ve yan-zincir dihedral agilari () yardimiyla tiim olasi
konformasyonlar belirlenmigtir. Bu haritalar kullanilarak programa girilen
baslangi¢c dihedral agilarla, konformasyon analizi sonunda hesaplanan dihedral
acilar karsilagtirmali olarak verilerek tablolagtirilmigtir.  Hesaplama sonucunda
dipeptidin en kararli bes konformasyonunun toplam enerjileri ve toplam
enerjilerine katki saglayan van der Waals, elektrostatik, hidrojen bag ve torsiyon
enerjileri ayr1 ayr1 hesaplanmistir. Ek olarak, en minimum enerjili konformasyon
Gaussian03 programi ile DFT metodu kullanilarak optimize edilmistir. Belirlenen
optimize geometri ile konformasyon analizi sonrasinda elde edilen geometri
karsilagtirilmistir.
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Abstract: Cyclo (Phe-Phe) dipeptide is an effective dipeptide in the treatment of
Alzheimer's disease. In this study, the 3-dimensional structure of the Cyclo (Phe-
Phe) dipeptide was determined using the theoretical conformation analysis method.
All possible conformations were calculated by conformation analysis, using
Ramachandran maps and with the aid of side-chain dihedral angles (y). By using
these maps, the initial dihedral angles entered into the program and the dihedral
angles calculated as a result of conformational analysis are given comparatively
and tabulated. As a result of the calculation, the total energies of the five most stable
conformations of the dipeptide and van der Waals, electrostatic, hydrogen and
torsion energies contributing to the total energies were calculated separately. In
addition, the lowest energy conformation was optimized by using DFT method with
Gaussian03 program. The determined optimized geometry was compared with the
geometry obtained after conformational analysis.

135



YYU FBED (YYU JNAS) 26 (3): 135-142
Celik ve ark., / Alzheimer Hastaligi Tedavisinde Etkili Cyclo(Phe-Phe) Dipeptidinin Konformasyon Analizi

1. Giris

Amino asitlerden tiiretilen 2-5-Diketopiperazinler (DKP) ayrica ¢esitli gida ve organizmalarda
bulunan bilesiklerin bir snifidir (Kelley ve ark., 2017). Lineer amino asitlerden yapisal olarak daha
kararli olmalar1 nedeniyle DKP i¢eren materyaller ¢ok daha gelismis 6zelliklere sahip olabilmektedir
(Gao, 2013). Ayrica biyo-uyumluluklar1 sayesinde DKP' ler, ila¢ tasima ve diger tibbi amaglar icin
farmakoloji endiistrisinde basartyla kullanilmistir (Kelley ve ark., 2017; Gao, 2013; Sun ve ark., 2017;
Gellerman ve ark., 2008; Zhang & Wang, 2018). DKP’ lerin ¢esitli yiyeceklerin tadina katkida
bulunabilecek bir dizi kimyasal etki sergiledigi bulunmustur. Bu en kii¢iik halka peptidler, antibakteriyel
ve antifungal etkilere kadar cesitli biyoaktiviteler sergiledikleri ve yeni fonksiyonel gidalarin
gelistirilmesinde kullanilma potansiyeline sahip olduklari bulunmustur (Borthwick & Da Costa, 2017).
Kaur ve ark. (2020) tarafindan bazi1 dogrusal ve halka peptitler iizerine antienflamatuar aktivite
caligmalar1 yapilmistir. Analiz sonucunda incelenen halka peptitlerin, dogrusal peptitlere gére daha
yiiksek antienflamatuar aktivite gosterdigi bulunmustur. Yiiksek kararlilik, diisiik sentez maliyeti, diisiik
toksisite ve yiiksek aktivite, yeni ilaglar tasarlamak ve gelistirmek i¢in halka peptitleri daha ¢ekici hale
getirmektedir. Mikroorganizmalara karsi yiiksek oOzgiillik ve Okaryotik hiicreler igin minimum
toksisiteye sahip halka antimikrobiyal peptidleri tasarlamak miimkiindiir. Yapilacak ¢aligmalar
antibiyotige direncli enfeksiyonlarla savasmaya yardimci olacak yeni ilaglarin gelistirilmesine
saglayacaktir (Falanga ve ark., 2017). Dogal kaynaklardan izole edilen halka peptitler, ¢cok c¢esitli
biyolojik profiller géstermektedir. Bu peptitler, 6zel uzaysal veya konformasyonel yapilar1 ve gesitli
amino asitleri icermesi nedeniyle biyokimyasal etkilesimleri incelemek i¢in 6nemli ilag adaylaridir. Bu
molekiillerin biyolojik yeterliligi, kanser, bakteriyel, mantar ve viral hastaliklar gibi gesitli tibbi
hastaliklar1 kapsamaktadir (Rahman, 2019). Cyclo(phe-phe) dipeptidi iizerine yapilan bir ¢aligmada
antelmintik aktiviteye sahip oldugu raporlanmistir (Walchshofer ve ark., 1997).

Yapilan hayvan testlerinde, tavuk 6zlii bazi1 gidalarda bol miktarda bulunan cyclo(phe-phe)’ in
depresyonun baglangicini ortadan kaldirabildigi ve boylece Alzheimer hastaliginin gelisimini 6nlemeye
katkida bulunabilecegi gosterilmistir (Tsuruoka ve ark., 2012). HT-29 and Caco-2 hiicre kiiltiirleri
tizerine yapilan ¢alismada Cyclo(phe-phe) dipeptidinin karsinomun bilyiimesini engelledigi ve bu
nedenle kanser tedavisi sunan bir ajan olarak kullanilabilecegi raporlanmistir (Graz ve ark., 2000).

Cyclo(phe-phe) dipeptidinin sahip oldugu bu aktiviteleri agiklayabilmek i¢in yapi-aktivite
iligkisi kapsaminda bu dipeptidin aktivite gdsterdigi en diisiik enerjili konformasyonun belirlenmesi kilit
Ooneme sahiptir. En olas1 konformasyonlar, aminoasitlerin ¢, y ve y dihedral agilar1 ile belirlenen
Ramachandran haritalarindan (Mills ve ark., 1988) yararlanarak molekiiler mekanik yaklasima dayali
hesaplama yapan teorik konformasyon analizi programiyla belirlenmistir.

Konformasyon analizi sonrasinda cyclo(phe-phe) dipeptidinin olast en kararli bes
konformasyonu belirlenmistir. Bu bes konformere ait molekiiler geometri, fenilalanin aminoasitinin yan
zincirine ait dihedral agidaki degisim ve her konformerin enerjisi Maksumov vd. tarafindan yazilan
teorik konformasyon analizi programi kullanilarak hesaplanmistir (Maksumov ve ark., 1983). Ayrica
toplam enerjiye katki saglayan van der Waals, elektrostatik ve torsiyon enerjileri hesaplanmistir.
Cyclo(Phe-Phe) dipeptidi, kuantum kimyasal ab-initio hesaplama ile optimize edilmistir. Optimize
geometri, konformasyon analizi ile bulunan geometri ile karsilastirilmagtir.

2. Materyal ve Yontem

Teorik konformasyon analizi (TKA) hesaplamalar1 van der Waals etkilesimleri, elektrostatik
etkilesimleri, hidrojen baglar1 ve tekli baglar etrafinda smirli donii hareketlerini kapsamaktadr. T1k terim
Scott ve Scheraga tarafindan belirlenen parametrelerle Lennard-Jones 6-12 potansiyeli ile
tanimlanmistir (Popov, 1985).

Elektrostatik enerji, Scott ve Scheraga tarafindan onerilen kismi yiikler ile Coulomb yasasina
karsilik gelen monopol yaklasimla hesaplanmistir (Popov, 1985). Momany ve arkadaslar tarafindan
verilen i¢ rotasyon bariyerlerinin degeri kullanilarak torsiyon enerjisi hesaplanmistir (Mills ve ark.,
1988).

Hidrojen bag enerjisi, Morse potansiyeline dayali olarak hesaplanmistir. Bag uzunluklarn ve
acilar i¢in Corey ve Pauling tarafindan belirlenen degerler kullanilmistir ve sabit tutulmustur (Popov,
1979).
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Dihedral donii agilari IUPAC-IUB’ a gore belirlenmistir (Mills ve ark., 1988). Toplam enerji,
Maksumov ve ark. (1983) tarafindan yazilan program kullanilarak hesaplanmistir. Konformasyon
analizi ile x yan zincir dihedral agilarma bagli olarak olasi kararli bes konformasyon belirlenmistir.
Belirlenen en diisiik enerjili konformer Gaussian03 programi (Frisch ve ark., 2003), DFT metodu
(Becke, 1993), B3LYP fonksiyoneli ve 6-31++G(d,p) baz seti kullanilarak optimize edilerek mulliken
yiikleri hesaplanmigtir. Ayrica optimize geometri ile en diisiik enerjili konformasyon karsilastirilmistir.

3. Bulgular

Diketopiperazinin (DKP) kristal yapisi {izerine yapilan ¢alismalarda halka yapinin diizlemsel
oldugu belirlenmistir (Corey, 1938; Degeilh & Marsh, 1959; Dorset, 2010). Bu nedenle c¢aligma da
cyclo(phe-phe) dipeptidine ait halka yapinin diizlemsel oldugu varsayilmistir ve konformasyonlarin
toplam enerjisi 11, x12, 21 ve 22 dihedral agilarina bagli olarak hesaplanmistir.

Bes konformasyona ait konformasyon analizi 6ncesi ve sonrasi dihedral agilari, toplam enerjileri
ve van der Waals, elektrostatik, torsiyon enerji katkilar1 Cizelge 1 ve 2' de gosterilmistir. Kararli beg
konformasyona ait molekiiler geometriler Sekil 1 de verilmistir. DFT/B3LYP/6-31++G(d,p) teori
seviyesinde dipeptide ait optimize geometri, x11, x12, 21 ve ¥22 dihedral agilarinin gosterimi ve yiik
dagilimlar1 Sekil 2 ve Sekil 3° de gosterilmistir. Konformasyon analizi ve optimizasyon sonrasi yan
zincir dihedral agilarindaki degisim Cizelge 3’ de verilmistir.

Cyclo(phe-phe) dipeptidinin konformasyon analizi sonucunda belirlenen en kararli bes
konformasyona ait toplam enerjiler sirasiyla -6.56,-4.77,-3.99,-2.45 ve -0.90 kcal/mol hesaplanmigtir.
Bu bes konformasyonda toplam enerjiye olan en yiiksek katkinin van der Waals enerjisinden oldugu
bulunmustur. Literatiirde peptitler lizerine yapilan ¢alismalarla bu sonug son derece uyumludur (Demir
& Godjaev, 2002; Alieva ve ark., 2006; Celik & Kecel-Gunduz, 2017). En kararli konformasyona (I)
van der Waals enerjisinden olan katki -6.49 kcal/mol” diir. TKA ve DFT/B3LYP/6-31++G(d,p) teori
seviyesi kullanilarak belirlenen konformasyonlar incelendiginde (Sekil 4), fenilalanin amino asitine ait
halka kisimlarinin birbirlerine yaklastigi ve katlanmis formda oldugu belirlenmistir. Cizelge 3° de TKA
ve DFT/B3LYP/6-31++G(d,p) teori seviyesinde hesaplanan yanzincire ait dihedral a¢i degerleri
karsilastirildiginda birbirlerine olduk¢a yakin sonuglar hesaplandigi bulunmustur. Ancak TKA
analizinde diizlemsel olarak kabul edilen DKP halkasinin, DFT/B3LYP/6-31++G(d,p) teori seviyesi
hesab1 sonucunda DKP halkas: {izerindeki wl(N1-C39), w2(C19-N21), ¢1(N1-C3), ¢2(N21-C23),
Y1(C3-C19) ve W2(C23-C39) dihedral acilarin sirasiyla -6.9°, -5.3°, 13.8°, 12.3°, -7.3° ve -5.9°
hesaplanarak bu halkanin gaz fazinda yapilan hesaplamalarda tamamen diizlemsel olmadig1 ancak
diizlemsele yakin oldugu bulunmustur (Sekil 5). Cyclo(His-Phe) dipeptidinin optimize geometrisi
tizerine DFT/B3LYP/6-31++G(d,p) teori seviyesinde yapilan hesaplamalarda bu dihedral agilar sirasiyla
-4.31°,-9.86°, 12.40°, 7.05°, -4.82° ve -0.11° hesaplanmustir (Celik ve ark., 2012). c[L-Pip-Gly] iizerine
yapilan optimize geometri hesabinda bu acilar sirasiyla -3.25°, -1.1°, 5°, 7.1°, -2.8° ve -4.7°
hesaplanmistir (Budesinsky ve ark., 2017).

Sonuglar, daha kisa zamanda ve daha az kapsaml bilgisayar olanaklar1 ile hesap yapilmasina
olanak sagladig1 icin TKA’ nin bir ilk yaklasiklik olarak kullanilabilecegini gostermistir. Ayrica TKA
sonuglari iizerinden yapilan DFT hesaplamalarinda, en uygun ilk giris verisi kullanildig1 i¢in daha kisa
zamanda sonug alinabilmektedir.
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V)

Sekil 1. Cyclo(Phe-Phe) dipeptidinin konformasyon analizi sonrasinda elde edilen en diisiik enerjili bes
konformasyon.

Cizelge 1. Cyclo(Phe-Phe) en diisiik enerjili bes konformasyonuna ait 11, 12, 21 ve y22 dihedral

acilart (°)
Konformer  Epagi Etoplam 11 x 12 x 21 ¥ 22
(kcal/mol)  (kcal/mol)
0] 0 -6.56 GIRIS -60.0 90.0 60.0 90.0
CIKIS -53.6 97.5 62.3 91.9
(D] 1.79 -4.77 GIRIS 180.0 90.0 60.0 90.0
CIKIS 195.8 65.5 61.6 93.2
(nn 2.57 -3.99 GIRIS -60.0 90.0 -60.0 90.0
CIKIS -57.0 99.4 -57.0 99.4
(v 4.11 -2.45 GIRIS -60.0 90.0 180.0 90.0
CIKIS -56.5 96.2 197.6 65.5
V) 5.66 -0.90 GIRIS 180.0 90.0 180.0 90.0
CIKIS 198.0 63.9 198.0 63.9

Cizelge 2. Cyclo(Phe-Phe) dipeptidinin konformerlerine ait toplam enerji ve van der Walls,
elektrostatik, torsiyon enerji katkilar1 (kcal/mol)

Konformer Epagil Etoplam E van der walls E elektrostatik Etorsiyon
0 0 6.56 6.49 0.16 0.09
(1) 1.79 -4.77 -5.13 -0.13 0.49
(i 257 -3.99 -3.87 -0.16 0.04
(v) 411 -2.45 -2.94 -0.13 0.62
) 5.66 -0.90 -2.03 -0.10 1.24
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Cizelge 3. Cyclo(Phe-Phe) dipeptidinin y11, 12, ¥21 ve %22 dihedral agilarindaki () degisim

Cyclo(Phe-Phe) y 11 112 721 7,22
TKA -53.6 97.5 62.3 91.9
DFT-B3LYP/6-31++G(d,p) -62.1 98.5 66.0 91.3

Sekil 2. Cyclo(Phe-Phe) dipeptidinin DFT/B3LYP/6-31++G(d,p) teori seviyesinde hesaplanan optimize
geometrisi.

Sekil 3. DFT/B3LYP/6-31++G(d,p) teori seviyesinde belirlenen optimize geometriye ait yiik dagilima.
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H:

-
y

(b)

Sekil 4. Cyclo(Phe-Phe) dipeptidinin TKA (a) ve DFT/B3LYP/6-31++G(d,p) teori seviyesi (b)
kullanilarak hesaplanan molekiiler geometrisi.

B4
Yy

J
(a) (b)

Sekil 5. Cyclo(Phe-Phe) dipeptidinin TKA (a) ve DFT/B3LYP/6-31++G(d,p) teori seviyesi (b)
kullanilarak hesaplanan molekiiler geometrisinde DKP halkasindaki degisim.

4. Tartisma ve Sonug

Bu calismada, Cyclo(Phe-Phe) dipeptidinin konformasyon analizi ile bulunan en kararl
konformasyonu DFT/B3LYP/6-31++G(d,p) teori seviyesinde incelenmistir. Sekil 4 ve Sekil 5’ de TKA
ve DFT/B3LYP/6-31++G(d,p) teori seviyesinde belirlenen molekiiler geometriler karsilastirmali olarak
verilmigtir. Optimizasyon sonucunda DKP halkasinin diizlemsele yakin oldugu bulunmustur.
Cyclo(Gly-Gly) dipeptidi iizerine yapilan deneysel ve teorik ¢alismalarda bu dipeptitin DKP halkasinin
da diizlemsel/diizlemsele yakin oldugu bulunmustur (Mendam ve ark., 2009; Cheam & Krimm, 1984).
Bu ¢alismada Cyclo(Phe-Phe) dipeptidinde fenilalanin amino asitine ait halka kisimlarinin birbirlerine
yaklastig1 ve bu dipeptidin katlanmis formda oldugu saptanmistir. DFT/B3LYP/6-31++G(d,p) teori
seviyesinde yan zincire ait dihedral agilar sirasiyla -62.1°, 98.5°, 66.0°, 91.3° hesaplanmistir. Cyclo(Trp-
Trp) dipeptidi iizerine ayni teori seviyesinde yapilan hesaplamalarda yan zincire ait dihedral agilar
-65.9°, -90.3°, 64.2° ve -86.4° hesaplanmistir (Celik ve ark., 2021). Cyclo(Phe-Phe) dipeptidinin en
kararli konformasyonlarmin belirlenmesi, ilag aktivitesinin anlasilabilmesi bakimindan 6nemlidir.
Halka peptitlerin sentez siirecinde de bu belirlenen konformasyonlardan yararlanilabilinir.
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yalanct birinci derece reaksiyon modelinin ise kinetik agidan en uygun model
oldugu (R? =0,99) tespit edilmistir. Calisma, YNK atiginin belli bir biyosorplama
kapasitesinin oldugunu ve bu ati§in diigiilk maliyetli ¢cevreci bir alternatif olarak
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Abstract: In this study, removal of lead Pb(ll) ion known as a toxic heavy metal
from the aqueous media using green chickpea shell (YNK) as a new alternative
has been investigated. Biosorption studies were carried out according to the batch
method. The necessary conditions for optimum Pb(ll) removal have been
determined and temperature dependent kinetic and isotherm studies have been
carried out. The kinetic data obtained as a result of the studies have been
evaluated in pseudo-first, pseudo-second and intra-particle diffusion models to
determine kinetic model. Isotherm data have been evaluated in Langmuir and
Freundlich isotherm models. Optimum conditions have been determined for
Pb(ll) ion biosorption with YNK as 0.1 g biosorbent dose and at 40 °C
temperature . In the study, the maximum biosorption capacity has been found to
be 30.8 mg/g for Pb(ll) ion. In addition, the isotherm data have been found to be
favorable to Langmuir isotherm model (R? = 0.99) and the most appropriate
kinetic model has been determined to be the pseudo first order reaction model (R?
=0.99). The study showed that YNK waste, has a certain biosorption capacity and
this waste can be used as a low-cost and environmentally friendly alternative.
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1. Giris

Birgok endiistride (gida endiistrisi, tekstil endiistrisi vb.) hammaddelerin islenmesi sirasinda
atiklar olugmaktadir. Olusan atiklarin giderilmesi hem ciddi ¢evre sorunlarina hem de isletmeler icin
maddi kayiplara neden olmaktadir. Bu nedenle atiklarin yonetimi ve degerlendirilmesi yoniinde
yapilan ¢alismalar giiniimiizde hiz kazanmistir (Sener, 2008; Yagc1, 2006).

Alict ortama bosaltilan atiklarin kimyasal ve fiziksel nitelikleri kirliligin tiiriine dair bir fikir
verse de boyutu agisindan Ongoriilebilir sonuglar dogurmayabilir. Dolayisiyla atik sularin,
kaynaklandig1 isletmedeki sistemlerde kontrol edilmesi ve siirdiiriilebilir atik su yoOnetiminin
saglanmasi gerekmektedir.

Atik sularda siklikla rastlanan agir metaller ciddi Kirlilik unsuru olmaya devam etmektedir.
Yaygin bir 6rnek olarak kursun ise hava, su, toprak, solunum ve besinler yoluyla biyolojik sistemlere
giren zehirleyici ozelliklere sahip agir bir metaldir. Bircok ortamda istenmeyen konsantrasyonlarda
kursun kirliligine rastlanmaktadir. Akii ve pil fabrikalar1, kursun maden ve metal endiistrileri, petrol
rafinerileri, patlayici sanayi atik sular1 bunlardan sadece birkagina 6rnek olarak verilebilir.

Inorganik kursun bilesikleri solunum ve sindirim gibi yollarla insan viicuduna girer. Kan
dolagimina giren kursunun insan sagligi lizerine pek ¢ok zarari oldugu bilinmekle beraber anemi,
yiiksek tansiyon, gelisim ¢agindaki c¢ocuklarda zihinsel fonksiyon bozukluklari, immiinolojik
bozukluklar, bobrek fonksiyon bozukluklari ve tireme fonksiyon bozukluklart en dikkat g¢ekici
olanlaridir (Jaishankar ve ark., 2014).

Atik sulardan agir metal gideriminde kimyasal ¢oktiirme ve filtrasyon, kimyasal oksidasyon ve
indirgeme, iyon degisim filtrasyonu, elektrokimyasal prosesler, ters osmoz, membran teknolojileri ve
buharlastirma, adsorpsiyon gibi geleneksel yontemler yer almaktadir ve bu yontemlerin bazi avantaj
ve dezavantajlari ¢izelge 1’de verilmistir (Ahluwalia ve Goyal, 2007; Hanif ve ark., 2007).

Cizelge 1. Atik sulardan geleneksel metal giderme yontemlerinin avantaj ve dezavantajlari

Metot Avantaj Dezavantaj

Kimyasal ¢6ktlirme ve Basit ve ucuz bir teknik Yiiksek konsantrasyonlarda giigliikle

filtrasyon olmasi ayrilma, atik ¢gamur olusumu

Kimyasal oksidasyon ve  Inaktivasyon Ortam hassasiyeti

indirgeme

Iyon degisim filtrasyonu  Etkili aritim ve atik Kullanilan re¢inelerin kontaminasyon
metalin geri kazanimi hassasiyeti, pH duyarlilig1 ve maliyet

Elektrokimyasal Atik metalin geri kazamimi  Etkinliginin yiiksek konsantrasyonlarda

prosesler ve geri donlisiim olmasi ve maliyet

Ters osmoz Atik metalin geri kazanim1  Yiiksek basing, maliyet
ve geri doniigiim

Buharlastirma Atik metalin geri Yiiksek enerji ihtiyaci, maliyet ve atik
dontistimii ¢amur olusumu

Adsorpsiyon Etkili aritim, ekonomik Performans arttirmak i¢in fazla miktarda

aktif karbon kullanma gerekliligi

Cizelge 1’de gorildiigii gibi bu tekniklerin kiyaslandiginda bazi avantaj ve dezavantajlari
olmakla beraber son yillarda agir metal iyonlarmin sulu ¢ozeltiden adsorpsiyon metoduyla
uzaklastirilmasinda tarimsal atiklarin kullanimi y6niindeki ¢alismalar artmustir. Biyosorpsiyon olarak
adlandirilan bu yontemin geleneksel aritma prosesleri ile kiyaslandiginda temini kolay ve uygun
maliyetli olan biyokiitlelerin kullanimma olanak saglamasi, yliksek verim, kimyasal madde
gereksiniminin az olmasi, metallerin geri kazanim olasilig1 ile giiniimiizde ilgi géren bir aritma prosesi
haline gelmistir.
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Biyosorpsiyon, sulu ortamdan toksik metal iyonlarinin uzaklastirilmasinda biyolojik kokenli
kiitlelerin kullanildig1 bir siirectir ve biyosorplanan maddenin kullanilan biyokiitle hiicreleri yiizeyine
taginmasi ve buraya tutunmasi esasina dayanir. Siiregte iyonik gii¢, pH, sicaklik, metal iyonlarmin
kimyasal ozellikleri, metal iyon konsantrasyonu, temas siiresi, biyosorbentin hiicre bilesim ve
ozellikleri gibi pek cok faktor rol oynamaktadir.

Esas olarak polisakkaritler, proteinler ve lipitlerden meydana gelen bu biyosorbent
hiicrelerinin metal iyonlarin1 baglayic1 6zelligi hiicre duvarlarindaki karboksil, hidroksil, fosfat ve
amino asit gibi fonksiyonel gruplardan kaynaklanmaktadir (Goksungur ve ark., 2005).

Literatiirde findik kabugu (Demirbas, 2003), Hindistan cevizi (Kavitha & Namasivayam,
2007), portakal kabugu (Chen & Chen, 2009), limon kabugu (Demirbas ve ark., 2004), elma posasi,
bugday samani, musir kogami ve arpa kabugu (Robinson ve ark., 2002), yenge¢ kabugu
(Vijayaraghavan ve ark., 2006), seker pancari posasi (Reddad ve ark., 2002), karpuz kabugu
(Bhattacharjee ve ark., 2020) ve daha pek ¢ok atik biyosorpsiyon metodu ile ¢esitli kirlilik etmenlerini
gidermede degerlendirilmistir.

Bu arastirmada biyosorpsiyon caligsmalarina katki saglamak amaciyla, atik sudan kursun
aritiminda dogal bir biyosorbent olarak daha oOnce calisilmamis yesil nohut kabugu atiklarinin
kullanilabilme potansiyeli incelenmistir. Biyosorpsiyon siirecini etkileyen doz, sicaklik, derisim gibi
parametreler incelenerek optimum degerler belirlenmistir. Ayrica kinetik ve izoterm verileri de
degerlendirilmis olup modellemeler yapilmistir.

2. Materyal ve Yontem
2.1. Biyosorbent ve kimyasal maddeler

Calismada biyosorbent olarak yesil nohut kabugu atiklari (YNK) kullanilmistir. Batman
ilinden evsel dlgekte toplanan biyokiitlelerden toz, kirlilik, renk bilesenleri tamamen uzaklasana kadar
saf su ile yikanmis, daha sonra kurutulan numune bitki 6gitiicii (IKA 20) ile 6giitiilmiis ve elenmistir.
1000 pm (18 mesh) elek iistii boyutundaki kisim toplanip cam siselerde stoklanarak biyosorbent
kullanima hazir hale getirilmistir. %99,5 saflik derecesindeki kursun (I1) nitrat (Pb(NOs),) ise Merck
firmasindan temin edilmistir. Bir Pb(ll) ¢ozeltisi hazirlanmis ve calismalardan 6nce bu ¢6zeltiden
istenen seyreltik ¢ozeltiler olusturulmak igin kullanilmigtir.

2.2. Biyosorbent karakterizasyonu

Biyosorbent karakterizasyonu igin nem, kiil, ugucu madde, sabit karbon tayinleri yapilarak
kimyasal Ozellikleri belirlenmistir. Yiizey fonksiyonel gruplarimi belirlemek ve biyosorpsiyondan
sonra yiizeyde tutulum mekanizmasini anlamak amaciyla FTIR spektrumlar1 (Perkin Elmer Spectrum
100) alinmustir. Ayrica, morfolojik yapilarini incelemek i¢in taramali elektron mikroskobu (SEM-
ZEISS-Supra 40 VP) analizi de yapilmustir.

2.3. Deneysel ¢calismalar
2.3.1. Biyosorbent doz etkisi

Pb(11) biyosorpsiyonuna en uygun doz etkisini belirlemek igin segilen bes noktali aralik olarak
biyosorbentten 0,1-0,5 g arasinda tartimlar alinarak 50 mL’lik erlenlere konulmustur. Biyosorbentlerin
tizerine 100 ppm konsantrasyonundaki Pb(ll) ¢ozeltisinden 50 mL eklenerek 120 rpm hizindaki
calkalayicili su banyosuna (Wisebath-WIS 30) konulmus ve 1 saat sonunda ¢ozeltilerden Grnekler
filtre edilerek alinmistir. Alevli Atomik Spektrofotometre (AAS -Perkin Elmer AAanalyst 400) ile
yapilan analizlerde elde edilen C, ve Ce degerleri, Denklem 1 de q (mg/g) degerleri hesaplanarak
maksimum uzaklastiriimanin gerceklestigi doz miktar1 belirlenmistir.

Co — C, ey
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Esitlikteki g, Ce, V ve m sirasiyla birim biyosorbent iizerine biyosorplanan madde miktari
(mg/g), denge anindaki Pb(ll) derisimini (mg/L), ¢ozelti hacmi (L) ve kullanilan biyosorbent kiitlesidir

(9).

2.3.2. Baslangic¢ derisimi ve denge temas siiresi etkisi

YNK’nin sulu ¢ozeltiden Pb(Il) iyonu gideriminde baslangi¢ derisimi ve denge temas siiresi
etkilerini incelemek i¢in, dogal pH (5,85) ve belirlenen optimum doz olan 0,1 g YNK ile Cy’lar1 100-
300 ppm araliginda olan ¢ozeltilerden 50 mL alinarak 25 °C’de ve 120 rpm g¢alkalama hizinda zamana
bagli (5-420 dk) olarak ¢aligilmigtir. AAS ile yapilan analizden elde edilen Co ve Ce degerleri Denklem
1 de degerlendirilerek q degerleri hesaplanmis ve daha sonra tiim derigimler icin elde edilen q
degerlerine kars1 t degerleri grafige gecirilmistir.

2.3.3. Kinetik calismalar

Sulu ¢ozeltiden YNK biyosorplayicisi ile Pb(Il) giderimindeki ¢alismalarda elde edilen veriler
kinetik modelleme yapmak i¢in yalanci birinci dereceden (Denklem 2), yalanci ikinci dereceden
(Denklem 3) ve partikiil i¢i difiizyon modelleri (Denklem 4) kinetik denklemlerinde degerlendirilerek
kinetik paramatreler, R? ler ve difiizyon hiz sabitleri belirlenmistir (Lagergren, 1898; Ho & Mckey,
1999; Weber & Morris, 1963).

(2
(g, —q,) =Inq, —K,qt
t 1 1 3)
— =+t
qt kadque qe
gt =ki.t!? +C (4)

Buradaki Kags, ki, t ve C sirastyla hiz sabiti (dk?), partikiil i¢i difiizyon hiz sabiti (dak?), temas
stiresi ve biyosorplanan ile biyosorbent arasinda olusan tabakanin kalinligi ile ilgili bilgi veren
parametredir ve qt’nin t2’ ye kars1 olusturulan grafigin egimi hiz sabitini verirken, kesim noktasi ise
C’ yi verir.

2.3.4. izoterm cahsmalan
Pb(Il) iyonu biyosorpsiyonu izoterm ¢alismalarinda farkli derisim (Co) ve sicakliklarda (20,25
ve 30 °C) elde edilen ge degerleri Ce’ye karsi grafige gegirilerek izoterm egrileri olusturulmustur.

Izoterm modellemesi yapmak {izere Langmuir (Denklem 5) ve Freundlich (Denklem 6) izoterm
denklemleri kullanilmigtir (Langmuir, 1918; Freundlich ,1906).

C_ 1 G (5)
de qm-b  qm
Ge= KiCl/n (6)

Burada, gm ve b sirasiyla biyosorbentin tek tabaka tutma kapasitesi (mg/g) ve adsorpsiyon
enerjisi (L/mg) ile ilgili olan bir sabittir. K ve n ise sirasiyla freundlich adsorpsiyon kapasitesi ve
siddetini gosteren sabittir.

Ayrica Hall ayirma faktorii R, Pb(I1) baslangi¢ konsantrasyonu ile ilgili olan ve biyosorpsiyon
prosesinin davranigin1 gésteren boyutsuz bir sabittir. Langmuir izoterminin temel 6zellikleri bu faktor
sayesinde tanimlanabilir.
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1 (7
Ri=1 + bC,

RL degeri izoterm tipini tanimlar. izoterm tipleri R. degeri 0 ve 1 arasindaysa (0 <R_ <1)
uygun, 1’den biiyiikse (RL >1) uygun olmayan, 1’e esitse (RL = 1) lincer ve 0’a esitse (RL = 0)
tersinmez olmak tizere 4’e ayrilir (Hall ve ark., 1966).
3. Bulgular ve Tartisma

3.1. Biyosorbent karakterizasyonu

Yesil nohut kabuklarinin karakterizasyonu amaciyla yapilan nem, kiil, ugucu madde ve sabit
karbon analizleri Cizelge 2’ de verilmistir.

Cizelge 2. YNK’nin karakterizasyon analiz sonuglari (%)

Analizler % Miktar
Nem miktar1 8,02

Kiil miktar 17,79
Ugucu madde 78,89
Sabit karbon 3,32

Biyosorbent hiicrelerindeki karboksil, hidroksil, fosfat ve amino asit gibi fonksiyonel gruplari
aydinlatmak i¢in alinan biyosorpsiyon Oncesi ve sonrast FTIR spektrumu Sekil 1’de verilmistir.
Biyosorpsiyon oncesi goriilen 3285,21 cm? pik, yiizeydeki “OH gruplarimin var oldugunu
gostermektedir. Bu deger biyosorpsiyon sonrasi 3335,36 cm™ degerine kaymustir. 2922,46 cm? pik
yiizeydeki alifatik metil (-CHs) ve metilen (-CH,) fonksiyonel gruplarina ait asimetrik ve simetrik —C-
H gerilmesinin oldugunu gdstermektedir. Bu deger ise biyosorpsiyondan sonra 2911,64 cm™
degerlerine kaymustir. 1624,20 cm™ deki pik C=N- esneme titresimleri ve amino gruplarinin var
oldugunu gostermektedir. Bu deger, biyosorpsiyondan sonra 1625,64 degerine kaymistir. 1402,86 ve
1240,03 cm ! deki bant O-H egilme ve C-O esneme titresimlerinden kaynaklanabilmektedir.1402,86
deki pik biyosorpsiyondan sonra kaybolmustur. 1240,03 cm™ deki pik alkol ve fenol gruplarinin var
oldugunu ve O-H esneme titresimlerini gostermekte ve bu deger 1238,98 degerlerine kaymustir.
1013,49 cm? deki pik halojenli bilesiklerdeki C esneme hareketlerini  gdstermektedir.
Biyosorpsiyondan sonra FTIR spektrumlarinda meydana gelen artma ve azalmalar bu aktif gruplarin
biyosorpsiyona katildiginin gostergesi olarak degerlendirilmistir (Yargig ve ark., 2015).

— o s /
YNK O\ e : ,‘ ) :
\ // \_ . X y e
/ A, )
\ N/ ‘ A ®
b 922,46 e 1402,86 1003\
328521 g 162420 |
101349
°%T
YNK-Pb
S9R 0D
7293 123898 $95.14 598,02
2911.64 172930 162564
333536
1927.49
40000 3600 3200 2800 2400 2000 1500 1600 1400 1200 1000  S00 600 4500

cm’

Sekil 1. YNK’nin Pb(Il) biyosorpsiyonu dncesi ve sonrast FTIR spektrumlar
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(a) G
Sekil 2. YNK’nin Pb(II) biyosorpsiyonu dncesi (a) ve sonrasi (b) SEM goriintiileri

Yiizey morfolojisini aydinlatmak i¢in biyosorpsiyondan 6nce ve sonra biyosorbentin SEM
goriintilleri alinmigtir. Elde edilen sonuglara gore YNK biyosorbentinin makrogézenekleri
cogunlukludur. Sekil (b) goriildiigii gibi biyosorpsiyondan once daha piiriizlii olan yiizey,
biyosorpsiyondan sonra yilizeye metal iyonlarinin baglanmasiyla daha homojen bir hale gelmistir. Bu
da Pb(II)’nin aktif bolgelere tutularak yapiyr degistirdigini gostermektedir.

3.2. Biyosorbent dozunun etkisi

Biyosorbent dozu, bu teknikle aritim siirecinde onemli bir etkiye sahiptir. Biyosorbent
dozunun bilinmesi giderilen kirleticinin konsantrasyonu i¢in gerekli olan biyosorbent kapasitesinin
belirlenmesinde 6nemli bir etken olacaktir. Bu ¢alismada, segilen araliktaki doz miktar1 0,1 g’dan 0,5
g’a arttik¢a dengede biyosorplanan Pb(Il) konsantrasyonlarinin 6,49 mg/g’dan 1,78 mg/g’a diistigii ve
buna bagli olarak biyosorpsiyon kapasitesinin azaldigi1 goriilmektedir (Sekil 3). Bu durum biyosorbent
dozunun artmasi ile biyosorplanan miktarin biyosorplayict yiizeyini timiiyle kaplamada yetersiz
olabileceginden kaynaklandig: diisiiniilmektedir. Baska bir deyis ile biyosorbent miktarindaki artis ile
biyosorbent parcaciklarinin birbirine temasi, birikmesi, topaklanmasi daha fazla olabilir ve
biyosorplanan maddelerin biyosorbent ile temas eden yiizey alanimi azaltan bu durumdan dolayi
biyosorpsiyon kapasitesini azaltmig olabilir (Kavci, 2021).

qe(mg/g)
[ N w B (9] N
L

0 0,1 0,2 0,3 0,4 0,5 0,6
Biyosorbent dozu (g)

Sekil 3. Pb(Il) gideriminde biyosorbent miktarinin etkisi (Sicaklik 25 °C, karigtirma hiz1 120 rpm,
Co =100 ppm, t=1 saat, pH=5,85)
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3.3. Baslangi¢ Pb(Il) iyonu konsantrasyonu ve denge temas siiresinin biyosorpsiyona etkilerinin
degerlendirilmesi

Atiksu aritma proseslerinde baslangi¢ kirletici konsantrasyonlarindaki degisim prosesin
basarili bir sekilde gergeklestirilebilmesi i¢in biiyilk Onem tagimaktadir. Atik sudaki Pb(Il)
konsantrasyonlarinda meydana gelebilecek farkliliklarda sistemin ne sekilde tepki verecegi iyi
bilinmelidir.

Baslangigc Pb(Il) iyonu konsantrasyonunun biyosorpsiyona etkisi incelenirken 0,1 g
biyosorbent kullanilarak Pb(Il) iyonu konsantrasyonu sirasiyla 100, 200 ve 300 ppm olarak
degistirilmistir. Baglangic Pb(ll) iyonu konsantrasyonunun 100 ppm’den 300 ppm’e yiikseldikce
biyosorpsiyon kapasitesinin de arttigi gézlemlenmektedir (Sekil 4). Bunun nedeni, baslangic metal
konsantrasyonu arttikca itici gii¢ arttigindan, biyosorpsiyon genellikle artar. Artis, ylizeyin doygunluk
konsantrasyonuna ulasmasiyla son bulur (Turan, 2012). Benzer sekilde Oztiirk ve ark. (2020)
yaptiklar1 ¢alismada ¢ay atiklart ile Ni (II) agir metal gideriminde baslangi¢ metal konsantrasyonuyla
biyosorpsiyon kapasitesinin arttigin1 belirttikleri gibi pek ¢ok ¢alisma bunu desteklemektedir.

18
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Sekil 4. Pb(ll) Baslangi¢c konsantrasyonunun etkisi (Sicaklik 25 °C, karistirma hiz1 120 rpm, m= 0,1
g, pH=5,85)

Calismada Pb(ll) biyosorplamada denge temas siiresinin artmasi ile biyosorpsiyon
kapasitesinin de arttig1 ve bu durumun dengeye gelene kadar devam ettigi gézlemlenmistir. Bu artis
durumu 180. dakikalara kadar devam etmistir. Denge siiresi biyosorbentin doygunluga ulastigi nokta
olarak belirlenmistir.

3.4. Sicakhigin biyosorpsiyon iizerinde etkisi

Sicaklik biyosorpsiyon prosesini etkileyen onemli bir faktordiir. Sicakligin YNK tarafindan
Pb(Il) giderimi iizerine etkisini incelemek igin 20 °C, 30 °C ve 40 °C c¢alisma sicakliklar1 olarak
secilmistir. Segilen bu aralikta sicakligin 20 °C’den 40 °C’ye artmasi ile biyosorpsiyon kapasitesinin
de 18,8 mg/g’dan 30,8 mg/g’a arttig1 dolayisiyla biyosorpsiyon kapasitesinin sicakliga bagl artis
gosterdigi belirlenmistir (Sekil 5). Bu durumun genellikle sicakliktaki artisin metal iyonlarinin
hareketliligi arttirdigindan kaynaklandigi diisiiniilmektedir (Wan ve ark., 2014). Yine artan sicaklikla
birlikte biyosorbent iizerindeki baglanma bolgelerinin sayisinin arttigi ve daha fazla bolgenin aktif
hale geldigi disiintilmektedir (Cruz ve ark., 2003). Dolayisiyla bu durum biyosorbentin i¢ yiizeyine
daha fazla metal iyonlarmin diflizyonunu saglayacaktir.
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Sekil 5. YNK’nin Pb(ll) biyosorpsiyonunda farkli sicakliklarin biyosorsiyon kapasitesine etkisi
(Karistirma hizi 120 rpm, t= 24 saat, m= 0,1 g, pH=5,85)

3.5. Biyosorpsiyon Kinetikleri

Biyosorpsiyon proseslerinde, kinetik caligmalar biyosorbentlerin  performanslar1  ve
mekanizmalarini anlamak i¢in gereklidir. Ayn1 zamanda biyosorpsiyon hizi tespit edilerek siireci
basariyla gergeklestirmek igin gerekli olan atik suyun alikonma siiresi belirlenmis olur (Tasar ve ark.,
2014; Gupta ve ark., 2010).

Biyosorpsiyon kinetigini belirlemek amaciyla calismada 100-300 ppm olarak segilen
derigimler i¢in yalanci birinci dereceden, yalanci ikinci dereceden ve partikiil i¢i difiizyon kinetik
modeller uygulanmistir (Cizelge 3).

Cizelge 3. Farkli ¢ozelti derisimlerinde YNK’nin Pb(ll) biyosorpsiyonu i¢in kinetik parametreler

Yalanci birinci dereceden kinetik model

Co (ppm) Qe deney (Mg g7™) Qe hesap (Mg g™%) ki1 x102 (min™) R?

100 7,32 5,04 0,031 0,9978
200 13,05 9,86 0,0241 0,9963
300 15,06 11,1 0,0177 0,9922
Yalanci ikinci dereceden kinetik model

Co (ppm) Qe deney (Mg g7) Qe hesap (MY g7) kix102 (min™) R?

100 7,32 8,15 0,095 0,9968
200 13,05 14,9 0,034 0,9868
300 15,06 15,7 0,038 0,9844
Partikiil i¢i difiizyon modeli

Co (ppm) Gedeney (MY §7) kia (mgg*min*?)  C(mgg™) R?

100 7,32 0,2231 3,8813 0,7045
200 13,05 0,451 5,5769 0,7071
300 15,06 0,5638 6,1463 0,8525

Cizelge 3’te verilen sonuglara gére YNK ile ile Pb(Il) giderimi kinetiginde biyosorbentin bu
modelden hesaplanmis denge alim kapasitesi ge(hesap) ve deneysel olarak bulunan deger qe(deney)
ile yakinlig1 ve korelasyon katsayilar1 biiyiikliigiinden de gortildiigii gibi yalanci birinci derece Kinetik
modeline daha iyi uyum saglamistir. Deneysel verilerin yalanci birinci derece kinetik modeline
uygunlugu, biyosorpsiyon kapasitesinin biyosorbentin yiizeyindeki aktif bolgelerle orantili oldugunu
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gostermektedir. Bu model biyosorpsiyon siirecinde kat1 kapasitesine dayanan sivi/kati sisteminin
adsopsiyonu esasina dayanir (Lagergren, 1898).

3.6. Biyosorpsiyon izotermleri

Kesikli biyosorpsiyon proseslerinde kullanilan biyokiitlelerin maksimum giderim kapasitesini
belirlemek i¢in izoterm ¢aligmalari olduk¢a 6nemlidir. Caligmada 50- 500 ppm olmak iizere 13 noktal
derisim ve 20,30,40 °C olmak flizere li¢ sicaklik noktasi secilmistir. Farkli derisim ve sicaklik
parametreleri 1s13inda, Izoterm modellerinden elde edilen bulgular1 degerlendirmek amaciyla
Langmuir ve Freundlich modelleri kullanilmistir (Cizelge 4).

Cizelge 4. Farkli sicakliklarda YNK’nin Pb(1l) biyosorpsiyonu i¢in izoterm parametreleri

Langmuir izotermi

Sicaklik (°C) am(mg gb) b (L mg?) KL RL R?
20 20,08 0,0493 0,9899 0,039 0,9962
30 24,51 0,0941 2,3064 0,021 0,9989
40 31,45 0,1372 4,3149 0,014 0,9994
Freundlich izotermi

Sicaklik (°C) n (L mg?) Ke R?

20 4,6339 5,6508 0,733

30 6,6845 10,3636 0,7628

40 7,1225 14,2235 0,814

Cizelge 4’deki korelasyon katsayilari incelendiginde YNK ile Pb(Il) biyosorpsiyonunun,
Langmuir izotermine Freundlich izoterminden daha iyi uyum sagladigi goriilmektedir. Genel olarak
Langmuir modeli kirleticilerin adsorbent yiizeyinde belli miktardaki aktif merkeze tek katmanl
adsorpsiyonunu kabul goéren ve bu kirleticilerin belli konsantrasyonlarinda yiizeyin doygunluga
ulastigini varsayan teorik bir modeldir (Weber, 1972).

Maksimum biyosorpsiyon kapasitesi olan gm ve Langmuir sabiti olan b, sirasiyla 31,45 mg/g
ve 0,13720 L/mg olarak bulunmustur. Langmuir izoterm sabiti b, baslangic Pb(Il)
konsantrasyonlariyla degisim gosteren ayirma faktoriinii belirlemek icin de kullanilmistir. Ayirma
faktorii (Rp), artan baglangi¢c konsantrasyonlari ile azalma gostermistir. Elde edilen 0,039-0,0140
araligindaki ayirma faktorii degerlerinin O-1 araliginda yer almasi biyosorpsiyon prosesinin yine bu
modele uygun gerceklestigini gostermektedir.

Literatiirde yapilan baz1 ¢aligmalarda cesitli biyosorbentler ile kursun gideriminde bulunan
maksimum q degerleri ¢izelge 5’te verilmistir.

Cizelge 5. Litaretiirde farkli biyosorbentlerin Pb(ll) tutma kapasiteleri

Kullanilan biyosorbent q (mg/g) Referans

Kolza tohumu 21.29 Morosanu ve ark., 2017
Salatalik kabugu 133.6 Basu ve ark., 2017

Cam kabugu 76.8 Gundogdu ve ark., 2009
Kapyabiber ¢ekirdegi 29.67 Giines, 2018

Modifiye seker pancart kiispesi 309.7 Arslanoglu & Tiimen, 2015
Karpuz kabugu 98.1 Kelly-Vargas ve ark., 2012
Yesil nohut kabugu 30.8 Bu c¢alisma
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Cizelgede Pb(Il) gideriminde farkli biyosorbentlerin farkli giderim kapasiteleri oldugu
gorlilmektedir. Bu ¢alisma ve litaratiirdeki daha pek cok calisma 6rnegi ile kiyaslandiginda kullanilan
YNK biyosorbentinin, bazi ¢aligmalardan diisiik bazi ¢alismalardan yiiksek bir giderim potansiyeli
oldugu goriiliir. Bunun yani sira, modifiye etme gibi daha farkli iglemler ve {izerine yapilabilecek yeni
caligmalar ile bu potansiyel daha da gelistirilebilir.

4. Sonuc¢

Bu ¢alismada, biyosorbent materyali olarak yesil nohut kabuk atiklar1 kullanilarak Kkesikli
yontem ile atik sulardan Pb(Il) giderimi arastirilmistir. Yapilan ¢alismalarda, Pb(1l) gideriminde etkin
olan parametreler incelenmis olup, ayn1 zamanda kinetik ve izoterm c¢aligsmalar1 da yapilmistir. En
yliksek giderim miktarinin belirlenmesi icin gerekli biyosorbent miktar1 hesaplanmistir. Baglangic
Pb(Il) konsantrasyonun artmasi ile biyosorpsiyon kapasitesi de artis gostermistir. Yine artan sicaklikla
da biyosorpsiyon kapasitesinin artmis olmasi olayin endotermik karakterde oldugunu gostermistir.
Kinetik veriler yalanci birinci derece modeline; izoterm verileri ise Langmuir izotermi modeline
uygun gerceklesmistir. Bu ¢alisma herhangi bir ticari degeri olmayan zirai bir atik olarak kullanilan
biyosorbentin Pb(ll) gidermede belli bir potansiyele sahip olabilecegini ortaya koymustur. Ayrica
farkl kirleticilerinde giderilmesinde alternatif bir kaynak olabilecegini ve bdyle bir prosesle istenen
kirlilik etmeninin geri kazanilabilecegini ifade etmekte miimkiindiir.
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Abstract: The study was conducted to determine physical and biochemical
properties of ‘Ekmek’ quince cultivar grown in Tasova (Amasya) district. Fruit
weight, fruit flesh firmness, soluble solids content, titratable acidity, vitamin C,
glucose, sucrose, fructose, total sugar, total phenolic, total flavonoid, antioxidant
activity (according to DPPH and FRAP assays) in the study were determined as
305.439,62.50 N, %11.64, %0.83, 11.60 mg/100 g, 3.10 g/100 ml, 1.87 g/100 ml,
7.62 g/100 ml, 121.8 mg/100 g, 18.4 mg/100 g, 0.46 mmol/100 g and 2.67
mmol/100 g, respectively. As a result, it was determined that 'Ekmek’ quince
cultivar is rich in terms of phenolics and antioxidants that beneficial human health,
protective effect against diseases.

1. Giris

_Ayvanin anavatani Kuzey Anadolu, Kuzey Kafkasya, Hazar Denizi kiyilari ve Kuzey-Bati fran
olup (Ozgagiran ve ark., 2014), yabanileri Giineydogu Avrupa ve Orta Asya’da dogal olarak yayilis
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gosterir (Rodriguez-Guisado ve ark., 2009). Ayva diinya tizerinde Avustralya kitasi harig, diger kita ve
iilkelerde yetistirilir. Bu meyve tiirii, kiiltiirii yapilan diger meyve tiirlerine gore ¢ok yayginlasmamais ve
tiretimi stirli kalmistir (Ozgagiran ve ark., 2014).

Diinyada ayva iiretimi yaklasik 689 bin tondur. Diinya ayva tiretimi bakimindan Tiirkiye (176
479 t) lider konumda olup, iilkemizi Cin (118 593 t), Ozbekistan (76 865 t), Iran (76 508 t), Fas (59 444
t) ve Azerbaycan (32 290 t) takip etmektedir (FAO, 2020). Diinya iizerinde ayva yetistiriciliginde
kullanilan ¢ok az sayida yabanci ¢esit bulunmaktadir (Oliveira ve ark., 2007). Bunlardan en 6nemlileri
‘Smyrna’, ‘Portugal’, ‘Spahan’, ‘Morova’, ‘Pineapple’, Van Deman’, ‘Boterno’, ‘Champion’, ‘Meeh’
ve ‘Orage’ cesitleridir (Dehbi ve ark., 2014). ‘Champion’ ¢esidi diinya {izerinde ayva yetistiriciliginde
tercih edilen 6nemli bir gesittir (Hricovsky ve ark., 2003). Ulkemizde ise ‘Ekmek’, ‘Limon’, ‘Esme’,
‘Demir’ ve ‘Bardak’ yetistiriciligi yapilan onemli ayva gesitleridir. Bunlardan ‘Ekmek’ ve ‘Limon’
yaygin olarak yetistirilen ¢esitlerdir (Soylu, 1997).

Ayva gesitleri meyve sekline gore elma ve armut bigimdeki ayvalar olarak iki gruba ayrilir
(Ozbek, 1978; Hricovsky ve ark., 2003). Ulkemizde yetistirilen gesitlerin biiyiik ¢ogunlugu armut
seklindedir (Ozbek, 1978). Bu meyve sekline sahip ayvalar daha yumusak ve daha az tas hiicresine
sahiptir. Elma seklindeki ayvalar ise kuru ve daha sert meyve etine sahip olup, armut seklindeki ayvalara
gore daha aromalidir (Hricovsky ve ark., 2003). Ayva meyvesi taze tiikketimin yaninda kurutularak ve
farkli triinlere islenerek de (marmelat, recel, jole, meyve suyu, pilire ve aromatik bilesiklerin
ekstraksiyonunda) kullanilir (Silva ve ark., 2006; Sharma ve ark., 2011; Rubinskiene ve ark., 2014).

Ayva, insan sagligini tesvik eden fenolikler ve antioksidanlar bakimindan zengin olup (Silva ve
ark., 2004), potasyum, fosfor ve kalsiyum gibi mineral maddeler, vitaminler, organik asitler ve
sekerlerin 6nemli bir kaynagidir (Fattouch ve ark., 2007; Rodriguez-Guisado ve ark., 2009). Ayva
icerigindeki antioksidanlar ve fenolik bilegiklerin yani sira (Legua ve ark., 2013; Grygorieva ve ark.,
2020), anti-kanserojen (Carvalho ve ark., 2010), anti-inflamatuar (iltihap sokiicii) (Essafi-Benkhadir ve
ark., 2012), anti-iilseratif (Hamauzu ve ark., 2006), anti-alerjik, anti-mikrobiyal (Shaida ve ark., 2020)
ve hipoglisemik (Szychowski ve ark., 2014) 6zellikleri nedeniyle ilgi ¢ekici olup, bu dzelliklerinden
dolay1 birgok hastaliga karsi koruyucu ve onleyici bir etkiye sahiptir (Sharma ve ark., 2011; Wojdylo ve
ark., 2013).

Ulkemizde ayva iizerine yapilan galismalarin biiyiik ¢ogunlugu verim ve meyve Kalite
Ozelliklerini belirlemeye yonelik olup (Ercisli ve ark., 1999; Koyuncu ve ark., 1999; Gergekcioglu ve
ark., 2014; Bolat & ikinci, 2015), biyokimyasal zelliklerin incelenmesine yonelik arastirmalar ise
sinirhi sayidadir (Karadeniz ve ark., 2005). Ayrica iilkemizde yetistirilen ayva cesitlerinin farkli
lokasyonlarda meyve 6zelliklerinin incelendigi ¢alisma sayisi da oldukga azdir. Calismanin yiritildigi
Tasova yoresi iilkemiz ayva {iretimi bakimindan 8. sirada yer alan Amasya ili ayva iiretiminin yaklagik
%48’ini karsilamaktadir. Bunun yaninda, ayva yetistiriciligi bakimindan 6nemli bir potansiyele sahip
bolgede 2016 yilindan sonra ayva iiretimi énemli miktarda artmistir (TUIK, 2021). Bu ¢alisma Tasova
yoresinde yetistirilen 6nemli bir ayva g¢esidimiz olan ‘Ekmek’ cesidinin fiziksel ve biyokimyasal
ozelliklerini belirlemek amaciyla yiiriitilmiistiir.

2. Materyal ve Yontem

Calismada materyal olarak Tagsova (Amasya) yoresinde ¢cogiir anag iizerine asili Ekmek ayva
cesidi ile kurulmus 12 yagh ayva bahgesinden alinan meyve ornekleri kullanilmistir. Calisma 2017
yilinda yiriitiilmiistiir. Calismanin yiiriitiildigi bahge sira lizeri 4 m ve sira arasi 4.5 m olarak tesis
edilmistir. Calisma stiresince kiiltiirel ve teknik uygulamalar diizenli olarak yapilmustir.

Calisma 3 tekerriirlii ve her tekerriirde 3 agag olacak sekilde planlanmigtir. Hasat zamaninda her
agactan 10 meyve derilmistir. Hasat iglemi meyve kabuk renginin sariya dondiigii ve kabuk tizerindeki
havin el ile kolayca silindigi donemde yapilmistir. Hasat edilen meyvelerde fiziksel ve biyokimyasal
ozellikler incelenmistir. Fiziksel 6zelliklerden meyve agirligi 0.01 g hassasiyetindeki dijital terazi
(Radwag, AS 220/C/2, Polonya) ile tartilarak, meyve eni, genisligi ve boyu 0.01 mm hassasiyetindeki
dijital kumpas (Mitutuyo, CD-15CP, Japonya) ile dl¢iilerek, meyve eti sertligi ise el penetrometresinin
(Effegi, FT 327, Italya) 7.9 mm’lik ucu kullanilarak belirlenmistir (Sen ve ark., 1999; Ger¢ekcioglu ve
ark., 2014). Biyokimyasal 6zellikler olarak ise pH, suda ¢ozilinebilir kuru madde, titre edilebilir asitlik,
C vitamini, seker igerigi (glikoz, sukroz, fruktoz ve toplam seker), toplam fenolik, toplam flavonoid ve
antioksidan aktivitesi (DPPH ve FRAP testlerine gore) incelenmistir.
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2.1. pH, suda co6ziinebilir kuru madde (%) ve titre edilebilir asitlik (%)

Meyve suyu ¢ikarilan o6rneklerde pH degeri dijital pH metre (Hanna, H14221, ABD) ve suda
¢oziinebilir kuru madde miktar1 dijital refraktrometre (Atago, PAL-1, ABD) ile belirlenmistir. Titre
edilebilir asitlik i¢in meyve suyu saf su ile seyreltilmis (1:1) ve elde edilen karisimin pH degeri 8.1
oluncaya kadar 0.1 N NaOH ile titre edilmistir. Sonuglar malik asit cinsinden % olarak ifade edilmistir.

2.2. C vitamini igerigi (mg/100 g)

C vitamini icerigi reflektometre (RQ flex, Plus 10, Merck, Almanya) yardimiyla meyve suyunda
belirlenmis ve mg/100 g olarak ifade edilmistir.

2.3. Seker icerikleri (g/100 ml)

Sekerlerden glukoz, sukroz, fruktoz ve toplam seker igerikleri tespit edilmistir. Seker igerikleri
reflektometre (RQ flex, Plus 10, Merck, Almanya) yardimiyla meyve suyunda belirlenmistir. Okunan
degerler g/100 ml olarak ifade edilmistir.

2.4. Toplam fenolik (mg/100 g)

Toplam fenolik icerigi Beyhan ve ark. (2010)’nin yontemine gore Folin-Ciocalteu’s kimyasali
kullanilarak belirlenmistir. Hazirlanan stok ¢ozeltiden 500 L. alinmis ve lizerine 4.1 mL saf su, 100 uL.
Folin-Ciocalteu’s ayraci ve %2’lik NaCOs ilave edilmistir. 2 saat siire ile inkiibasyona birakilan
numuneler spektrofotometre’de (Shimadzu, UVmini-1240, Japonya) 760 nm dalga boyunda
Olciilmiistiir. Sonuclar gallik asit cinsinden mg/100 g olarak ifade edilmistir.

2.5. Toplam flavonoid (mg/100 g)

Toplam falvonoid igerigi Zhishen ve ark. (1999)’nin yontemine gore belirlenmistir. Hazirlanan
stok ¢ozeltiden 1000 pL alimmmisg ve iizerine 3.3 mL methanol, 100 pL %5°lik NaNOz ve 100 pL %10’luk
AICl; ilave edilmistir. 30 dk siire ile inkiibasyona birakilan numuneler spektrofotometre’de 415 nm
dalga boyunda ol¢tilmistiir. Sonuglar kuersetin cinsinden mg/100 g olarak ifade edilmistir.

2.6. Antioksidan aktivitesi (mmol/100 g)
2.6.1. DPPH yontemi

DPPH analizi i¢in, hazirlanan stok ¢ozeltiden 200 pL alinarak iizerine 2.8 mL etil alkol ve 0.26
mM DPPH ¢ozeltisi ilave edilmistir. Hazirlanan numuneler 30 dk inkiibasyon isleminden sonra
spektrofotometre’de 517 nm dalga boyunda 6l¢iilmistiir. Sonuglar torolox cinsinden mmol/100 g olarak
ifade edilmistir (Blois, 1958).

2.6.2. FRAP yontemi

FRAP analizi i¢in, hazirlanan stok ¢dzeltiden 200 pL alinarak {izerine 1050 pL fosfat tamponu
ve 1250 pL potasyum ferrik siyanit ilave edilmistir. Hazirlanan numuneler 30 dk siire ile 50°C de
inkiibasyon islemine tabi tutulmustur. Inkiibasyon iseleminden sonra numunelerin tizerine 1250 pL
TCA ve 250 pL demir kloriir ilave edilerek, spektrofotometre’de 700 nm dalga boyunda Sl¢iilmiistiir.
Sonuglar torolox cinsinden mmol/100 g olarak ifade edilmistir (Benzie & Strain, 1996).
2.7. Istatistiki Analizler

Verilerin degerlendirilmesinde SPSS 23.0 istatistik paket programi kullanilmistir. Incelenen
ozelliklere ait standart sapma ve varyasyon katsayisi (VK) belirlenmistir.
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3. Bulgular ve Tartisma

Incelenen Ekmek ayva cesidinde, meyve iriligi iizerine etkili olan meyve agirhg 305.43 g,
meyve eni 81.27 mm, meyve genisligi 84.52 mm ve meyve boyu 86.42 mm olarak belirlenirken, nemli
bir kalite 6zelligi olan ve iriiniin muhafaza omriinii etkileyen meyve eti sertligi ise 62.50 N olarak
dlgiilmiistiir (Cizelge 1). Ulkemizde Ekmek ayva gesidi {izerine yiiriitiilen ¢calismalarda meyve agirligt
186.0-275.71 g, meyve eni 74.75-83.20 mm, meyve boyu 73.34-83.50 mm ve meyve eti sertligi 13.05-
81.03 N arasinda bildirilmistir (Ercisli ve ark., 1999; Koyuncu ve ark., 1999). Ekmek ayva ¢esidinin
meyve agirhi@i ve meyve boyu degerleri arastiricilarin bulgularindan yiiksek bulunurken; meyve eti
sertligi, meyve eni ve genisligi degerleri ise benzerlik gostermistir. Meyve agirligi ve meyve boyu
bakimimdan goriilen farkliliklarin ekolojik kosullardan, teknik ve kiiltiirel uygulamalardan kaynakli
olabilecegi diistiniilmektedir.

Cizelge 1. Ekmek ayvasimin meyve agirligi (g), meyve eni, meyve genisligi, meyve boyu (mm) ve
meyve eti sertligi degerleri

Ortalama + Standart sapma VK

Meyve agirhigi (g) 305.43+40.36 0.13
Meyve eni (mm) 81.27+8.93 0.11
Meyve genisligi (mm) 84.52+7.81 0.09
Meyve boyu (mm) 86.42+12.21 0.14
Meyve eti sertligi (N) 62.50+8.50 0.14

Meyve kalitesi iizerine etkili olan ve tiiketici albenisini etkileyen pH, suda ¢oziinebilir kuru
madde ve titre edilebilir asitlik degerleri incelenen Ekmek ayva gesidinde sirasiyla 4.16, %11.64 ve
%0.83 olarak tespit edilmistir (Cizelge 2). Bu parametreler Van ili ve Oltu (Erzurum) ilgesinde
yetistirilen Ekmek ayva g¢esidinde sirasiyla 3.25-4.06, %13.18-14.15 ve %1.58-0.56 arasinda
bildirilmistir (Koyuncu ve ark., 1999; Ercisli ve ark., 1999). Calismada 6zellikle suda ¢oziinebilir kuru
madde ve titre edilebilir asitlik icerigi bakimindan elde edilen bulgular arastiricilarin bulgularindan
farklilik gostermektedir. Bu 6zellikler bakimindan goriilen farkliliklar basta ekolojik faktorler ve bakim
kosullar1 olmak {izere meyvenin olgunluk durumuyla da ilgilidir.

Cizelge 2. Ekmek ayvasmin pH, suda ¢oziinebilir kuru madde (%), titre edilebilir asitlik (%) ve C
vitamini igerigi (mg/100 g)

Ortalama + Standart sapma VK

pH 4.16+0.01 0.00
Suda ¢6ziinebilir kuru madde (%) 11.64+0.37 0.03
Titre edilebilir asitlik (%) 0.83+0.012 0.01
C vitamini (mg/100 g) 11.60+0.08 0.01

Insan saglig {izerine 6nemli bir etkisi olan C vitamini, incelenen Ekmek ayva ¢esidinde 11.60
mg/100 g olarak belirlenirken (Cizelge 2), Oltu (Erzurum) ilgesinde ayni ayva gesidinde yiiriitiilen
arastirmada 3.68 mg/100 g olarak bildirilmistir (Ercisli ve ark., 1999). Bunun yaninda farkl iilkelerde
yetistirilen ayva ¢esit ve genotipleri ile yapilan arastirmalarda C vitamini igerigi en disiik 5.9 mg/100
g, en yiiksek ise 79.31 mg/100 g (Rop ve ark., 2011; Wojdylo ve ark., 2013; Rasheed ve ark., 2018)
olarak rapor edilmistir. Elde edilen C vitamini degeri, Oltu (Erzurum) il¢esinde yetistirilen Ekmek ayva
¢esidinden elde edilen degerden yiiksek, yabanci gesit ve genotiplerin bir¢oguna ait degerlerle ise
benzerlik gostermektedir. C vitamini igerigi bakimindan goriilen farkliliklarin genetik yapi, ekolojik
kosullar ve bakim sartlarindan kaynakli oldugu ifade edilebilir.
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Calismada incelenen Ekmek ayva ¢esidinde glikoz igerigi 3.10 g/100 ml, sukroz igerigi 1.87
9/100 ml, fruktoz igerigi 7.62 g/100 ml ve toplam seker igerigi 12.59 g/100 ml olarak tespit edilmistir
(Cizelge 3). Mevcut ¢alismada Ekmek ayva ¢esidinin seker igerikleri Tuna-Gilines & Kdoksal, (2005)’1n
Esme (glikoz 3.55 g/100 ml, sukroz 2.20 g/100 ml ve fruktoz 6.95 g/100 ml) ve Cukurgébek (glikoz
4.55 g/100 ml, sukroz 2.35 g/100 ml ve fruktoz 8.45 g/100 ml) ayva ¢esitlerinde bildirdigi seker
igerikleriyle uyumlu bulunmustur. Bunun yaninda, farkli arastiricilar tarafindan (Rodriguez-Guisado ve
ark., 2009; Leonel ve ark., 2016) yabanci ayva gesit ve klonlarinda bildirilen glikoz (4.08-5.61 g/100
ml), sukroz (1.51-2.41 g/100 ml), fruktoz (5.31-10.89 g/100 ml) ve toplam seker (9.50-17.93 g/100 ml)
degerleriyle de benzer oldugu tespit edilmistir.

Cizelge 3. Ekmek ayvasinin seker icerigi (/100 ml)

Ortalama + Standart sapma VK

Glikoz (g/100 ml) 3.10+0.08 0.03
Sukroz (g/100 ml) 1.87+0.07 0.04
Fruktoz (g/100 ml) 7.62+0.32 0.04
Toplam seker (g/100 ml) 12.59+0.38 0.03

Antioksidan aktiviteye sahip fenolikler, insan sagligini tesvik eden 6nemli bilesiklerdir (Silva
ve ark., 2004). Toplam fenolik igerigi, incelenen Ekmek ayva ¢esidinde 121.8 mg/100 g olarak
belirlenmistir (Cizelge 4). Ankara ekolojik kosullarinda benzer ayva gesidi ile yiiriitiilen aragtirmada
toplam fenolik igerigi 376.3 mg/100 g olarak bildirilmistir (Karadeniz ve ark. 2005). Bunun yaninda
yabanci ayva gesit ve genotipleri ile yiiriitiilen arastirmalarda toplam fenolik icerigi Ispanya’da 40-100
mg/100 g (Legua ve ark., 2013), Macaristan’da 3.92-12.83 mg/100 g (Papp ve ark., 2013), Sirbistan’da
71.03-158.89 mg/100 g (Stojanovic ve ark., 2017), Pakistan’da 65.73-68.13 mg/100 g (Rasheed ve ark.,
2018) arasinda tespit edilmistir. incelenen Ekmek ayva cesidinin toplam fenolik icerigi Ankara ekolojik
kosullarinda yetistirilen Ekmek ayva cesidinden diisiik, yabanci g¢esit ve genotiplerin biiyiik bir
¢ogunlugundan ise yiikksek bulunmustur. Toplam fenolik icerigi bakimindan goriilen farkliliklarin
genetik yapidan, ekolojik kosullardan, meyvenin olgunluk durumundan, teknik ve kiiltiirel
uygulamalardan kaynaklanabilecegi diistiniilmektedir.

Cizelge 4. Ekmek ayvasimin toplam fenolik (mg/100 g), toplam flavonoid (mg/100 g) ve antioksidan
aktivitesi (mmol/100 g) (DPPH ve FRAP)

Ortalama + Standart sapma VK

Toplam fenolik (mg/100 g) 121.8+7.37 0.06
Toplam flavonoid (mg/100 g) 18.4+0.75 0.04
DPPH (mmol/100 g) 0.46+0.04 0.08
FRAP (mmol/100 g) 2.67+0.04 0.02

Mevcut ¢alismada incelenen Ekmek ayva gesidinde toplam flavonoid igerigi 18.4 mg/100 g
olarak tespit edilirken (Cizelge 4), bu degerin ayni ¢esit ile Ankara ekolojik kosullarinda yiiriitiilen
arastirmada elde edilen degerden (172.3 mg/100 g) diisiik oldugu belirlenmistir (Karadeniz ve ark.,
2005). Buna karsilik, Stojanovic ve ark., (2017)’nin Sirbistan’da yetistirilen farkli ayva gesitlerinde
bildirdigi toplam flavonoid igerigi degerleriyle (17.28-44.65 mg/100 g) ise uyumlu oldugu tespit
edilmigtir. Goriilen farkliliklarin ekolojik kosullardan, meyvenin olgunluk durumundan ve kiiltiirel
uygulamalardan kaynakli oldugu ifade edilebilir.

Insan saghigmi tesvik eden antioksidanlar hastalik risklerinin azaltilmasi ve &nlenmesi
bakimindan 6nemlidir (Karadeniz ve ark., 2005). Antioksidan aktivitesi, incelenen Ekmek ayva
cesidinde DPPH testine gore 0.46 mmol/100 g, FRAP testine gore ise 2.67 mmol/100 g olarak
belirlenmistir (Cizelge 4). Antioksidan aktivitesi, Macaristan’da yetistirilen farkli ayva gesitlerinde
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FRAP testine gore 5.99-63.10 mmol/100 g arasinda bildirilmistir (Papp ve ark., 2013). Bunun yaninda
ABTS yontemi kullanilarak yapilan arastirmalarda aktioksidan aktivitesi, Ispanya’da yetistirilen farkli
ayva genotipleri ve klonlarinda 18.6-99.0 mg/100 g arasinda rapor edilmistir (Legua ve ark., 2013;
Szychowski ve ark., 2014). Ekmek ayva ¢esidinin antioksidan aktivitesi degeri ayn1 yéntemi kullanan
arastiricilarin  inceledikleri ¢esitlere ait degerlerden diisiik bulunmustur. Antioksidan aktivitesi
bakimindan goriilen farkliligin genetik yapi, ekolojik kosullar, meyvenin olgunluk durumu, teknik ve
kiiltiirel uygulamalar ile iligkili oldugu disiiniilmektedir.

4. Sonug¢

‘Ekmek’ ayva ¢esidinin fiziksel ve biyokimyasal 6zelliklerinin incelendigi ¢aligmada, bu ¢esidin
insan saghgimi tesvik eden ve hastaliklara kars1 engelleyici ve koruyucu bir etkiye sahip olan fenolik
bilesikler ve antioksidanlar bakimindan zengin oldugu belirlenmistir. Bunun yaninda ‘Ekmek’ ayva
cesidi incelenen Gzellikler bakimindan iilkemizde ve diinyada yetistirilen bir¢ok ayva ¢esidine yakin ve
hatta bazilarindan daha yiiksek degerlere sahip olmustur.
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Abstract: The purpose of this research was to study the effects of stabilization
and storage conditions on the antioxidant activity and microbiological quality of
raw wheat germ (R). For this reason, the raw germ samples were stabilized by
microwave-assisted steam drying (MWS) and freeze-drying (FD) methods, and
they were stored at different storage temperatures (-18, + 4 and 25°C) with
polyethylene bags for 90 days. The total phenolics contents (TPC), antioxidant
activities (DPPH and ABTS assay methods), and the counts of total mesophilic
aerobic bacteria (TMAB), and the total yeast-mold count (YMC) of the germ
samples were investigated. Methanol extracts of FD samples showed higher
TPC and antioxidant activity than MWS samples significantly (p<0.05).
Although MWS samples had remarkably lower microbial counts (TMAB and
YMC), their antioxidant properties were adversely affected by heat treatment.
According to obtained data samples stored at -18 °C showed the most reliable
results in terms of tested parameters.

Mikrodalga Destekli Buharli Kurutma ve Dondurarak Kurutma Tekniklerinin Ham
Bugday Ruseyminin Antioksidan Aktivitesi ve Mikrobiyolojik Kalitesi Uzerine Etkileri
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Kabul: 30.12.2021
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Anahtar Kelimeler
Dondurarak kurutma,
Mikrodalga destekli buharli
kurutma,

Bugday ruseymi,
Stabilizasyon

Oz: Bu arastirmanin amaci, farkli stabilizasyon ve depolama kosullarinin, ham
bugday ruseyminin antioksidan aktivitesi ve mikrobiyolojik kalitesi tizerindeki
etkilerini incelemektir. Bu nedenle ham ruseym &rnekleri mikrodalga destekli
buharli kurutma ve dondurarak kurutma ydntemleriyle stabilize edilmis ve farkli
depolama sicakliklarinda (-18, + 4 ve 25°C) 90 giin boyunca polietilen
torbalarda depolanmigtir. Ruseym &rneklerinin toplam fenolik igerikleri (TFM),
antioksidan aktiviteleri (DPPH ve ABTSyontemleri), toplam mezofilik aerobik
bakteri (TMAB) sayilar1 ve toplam maya-kiif sayis1 (TMK) arastirilmistir.
Dondurarak kurutulmus orneklerin metanol ekstraktlari, mikrodalga firin ile
stabilize edilmis Orneklere gore istatistiksel olarak daha yiiksek antioksidan
aktivite gostermistir (p<0.05). Mikrodalga firn ile stabilize edilmis drneklerin
mikrobiyolojik Kkalitesi olduk¢a yiiksek olmasina ragmen, antioksidan
aktiviteleri 1s1l islemden olumsuz etkilenmistir. Elde edilen verilere gore -18
°C'de depolanan numuneler, test edilen parametreler agisindan en basarili
sonuglar1 gostermistir.

" This work is a part of the doctoral thesis of Yagmur ERIM KOSE.
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1.Introduction

The purpose of the wheat-milling process is to separate the endosperm from possible by-
products such as wheat germ and wheat bran. Wheat germ is one of the main by-products or waste of
wheat due to its poor storage stability because of unsaturated fatty acids and the activity of hydrolytic
and oxidative enzymes such as lipase and lipoxygenase (Srivastava et al., 2007). Although it is usually
evaluated as waste, germ contains valuable nutritional components: 3 times as much protein, 15 times
as much sugars, 7 times as much fat, 6 times as much minerals, 6 times as much thiamine, and 15
times as much a-tocopherol when compared to wheat flour (Sudha et al., 2007; Ali et al., 2013). It is
also highly valued due to its high content of phenolic acids, flavonoids, and carotenoids and so
antioxidant activity (Zhu et al., 2011).

Some researchers have investigated that how this valuable by-product can be used as a
commercial product in the food industry by inactivation of the hydrolytic and oxidative enzymes and
they have developed several stabilization methods using heat treatments (Xu et al., 2013; Jha et al.,
2013; Marti et al., 2014; Li et al., 2016; Zou et al, 2018, Gili et al., 2018; Erim Kdse 2021 and 2022).

On the other hand, heat treatment increased the shelf life of the germ, decreased the valuable
bioactive compounds, antioxidant activity, and increased the rate of Maillard reaction.

For this reason, we investigated the effects of different heat treatments using microwave-oven
(MWS/ radiation heat transfer) and lyophilizer (FD/ freezing heat transfer) on the total phenolic
contents, antioxidant activity, and microbiological quality of the raw germ, in the present study. The
MWS and FD samples were packaged with polyethylene bags and stored under different storage
temperatures (- 18, 4, 25 °C) for 90 days. To our best knowledge, there is no previous study related to
the application of MWS and FD methods for the stabilization of the wheat germ. This work aims to
develop alternative effective stabilization techniques with the least effect on the nutritional value and
investigate the best storage conditions for stabilized germ.

2. Material and Methods

2.1. Germ stabilization

The raw and fresh wheat germ flakes were obtained from the commercial wheat mill Konya-
Turkey. The germ samples were homogeneously spread on the tray of the unheated microwave oven
(Argelik, MD554, Turkey). MWS stabilization was carried out for 5 minutes at 600 W power. As the
source of steam 50 mL of water in a glass cup was put on top of the chamber, consequently, steam was
supplied in the oven during the process. The inner temperature of the sample was 110 °C after heating.
The stabilized samples were allowed to cool to room temperature (25 °C).

The frozen R samples (-36 °C) were freeze-dried in a lyophilizer (Labconco, Model:117,
Czech Republic,) at a condenser temperature of -50 °C for 48 hours. After the MWS and FD
treatments, both stabilized samples and control groups were packed with polyethylene bags and stored
at-18, +4, and 25 °C for 90 days. The analyses were performed on days 0, 15, 30, 60 and, 90.

2.2. Preparation of extracts

Before TPC and antioxidant activity analysis, the germ extracts were prepared with methanol
(100%, by volume). 10 mL of methanol was added to 2.5 g defatted germ and the mixture was shaken
in an incubator (Heidolph Unimax 1010, Germany) for 2 h at 250 rpm. The samples were centrifuged
at 10000 rpm for 10 min at 20 °C (Hettich Zentrifugen Universal, 32 R, Germany) to obtain the
supernatant. This procedure was repeated twice to a final volume of 25 mL (Bakkalbasi et al., 2012).
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2.3. Determination of TPC

The amount of TPC of methanol-germ extracts was determined by the Folin—Ciocalteu’s
colorimetric method as described by Bae & Suh, 2007. Briefly, 150 uL Folin-Ciocalteu’s reagent (1:1,
v/v in water) was mixed with 150 pL methanol-germ extracts and 3.0 mL sodium carbonate (w/v in
water). The reaction mixture was shaken and allowed to rest for 45 min in dark at room temperature.
Finally, absorbance was measured at 765 nm in a spectrophotometer (UV Mini-1240, Shimadzu,
Japan). Gallic acid was used as the standard to calculate the calibration curve (R2=0.99). The results
were expressed as mg gallic acid equivalents (GAE) in per 100 g of wheat germ.

2.4. Determination of antioxidant activity
2.4.1.DPPH (1, 1-diphenyl-2-picrylhydrazyl) assay

The DPPH radical scavenging activity analysis was conducted according to the method of
Brand-Williams et al., (1995). Firstly, DPPH solution (2.4 mL) was mixed with 100 pL germ extract
and this mixture was vortexed and then allowed to react for 30 min. in the dark at room temperature.
Absorbance was measured at 520 nm in a spectrophotometer (UV Mini-1240, Shimadzu, Japan).
%DPPH scavenging activity or % inhibition were expressed as Equality 1 (Dudonne et al., 2009).

Inhibition % = (Abs control-Abs sample)/Abs control x 100 (D)

where Abs is the absorbance of control and sample at 520 nm.
2.4.2. ABTS (2,2'-azinobis-(3-ethylbenzthiazoline-6-sulfonate) assay

The ABTS assay was done according to the method of Kirca & Ozkan (2007). Firstly, the
ABTS radical cation solution was prepared with 7 mM ABTS + + containing 2.45 mM potassium
persulfate and then incubated in the dark at room temperature for 16 h. 30 pL of germ extract was
mixed with 2970 uL prepared- ABTS+ solution and shaken vigorously and left to stand for 6 min at
room temperature. The absorbance of the mixture was determined at 734 nm. The results were
expressed as mmol of ABTS in per 1 g of wheat germ.

2.5. Determination of microbiological analysis

Microbiological analyses of all germ samples were determined according to Harrigan (1998)
and Speck (1984). TMAB was enumerated in Plate Count Agar and Potato Dextrose Agar was used
for YMC. Results were calculated as cfu/g wheat germ.

2.6. Statistical Analysis

All data were analyzed using software SPSS 18 (SPSS Inc., Chicago, IL, USA). Statistical
analysis was performed using a one-way ANOVA and Duncan's multiple-range test. (p < 0.05).

3. Results
3.1. TPC of wheat germ samples

The TPC of R, MWS, and FD samples were 335, 295.80 and, 343 mg GAE 100g* db,
respectively, on the first day of storage (Table 1). The higher TPC of FD samples is due to the effect
of lyophilization. The ice crystals formed during lyophilization disrupt the matrix structure of the cell
wall and migration of cellular components from the material, consequently, allowing the access of
solvent thoroughly in the cell-matrix (Orphanides et al., 2013). Besides, the higher TPC of FD samples
might be due to the absence of heat-related damage.
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TPC of all samples showed a decreasing trend until the 90" day of storage due to their destruction
while an increase was observed on the 90" day. This increase in total phenolic content could be
attributed to the degradation of high molecular weight phenolics into the release of simple phenolic
compounds with increasing storage days (Amol et al., 2011) In addition others authors have previously
observed and reported that formation of new compounds of antioxidant character during storage
(Kallithraka et al., 2009; Martinez-Flores et al., 2015). It is possible to say that there is no difference
between R and FD samples after the 30th-day of all samples, but MWS samples have always lower
TPC values during 90th days of storage, statistically (Table 1). At the end of the storage period, the
highest value for TPC (342.10 mg GAE 100g?) was determined in the FD sample stored at -18 °C,
while the lowest value (304.24 mg GAE 100g?) was determined in MWS samples, kept at 25°C.
These results show that the FD method is very successful in protecting the valuable phenolic
compounds of germ.

Table 1. Total phenolic contents (mg GAE 100g* db) of wheat germ (n=3 +SD)

Storage Days

Initial 15" day 30" day 60" day 90" day

-18 °C 335.00+£7.07aA  333.17+1.40aB 325.00+.0.00bB 314.52+0.72¢cbB  337.76+2.49aB
R +4 °C 335.00£7.07aA  333.62+4.96aB 329.06+.0.74bB 310.91+3.54cB 333.50+4.48abB
+25°C 335.00+7.07aA  330.17+4.01abB  324.50+.4.24cB 304.90+4.24dB 326.69+0.13bB

-18 °C 295.80+0.00aA  305.60+0.85bA  303.55+.0.64bcA  300.91+£1.00CaA  309.07+7.08bA

MWS +4°C 295.80+0.00aA 306.39+2.71bA  300.20+.0.28bcA  300.50+0.39bcA  308.10+£3.47bA
+25°C 295.80+0.00aA  304.30+1.41abA  292.60+.3.39cA  286.91+1.92cdA  304.24+5.30bA

-18 °C 343.00+£2.83aB  341.45+£2.05abC  336.15+3.04bB 326.10+3.04cB 342.10+4.10aB

FD +4 °C 343.00£2.83aB  343.14+0.51aC 338.20+2.26bB 327.15+2.26¢cB 341.50+2.12aB
+25°C 343.00+2.83aB  342.53+1.45aC 335.80+1.13bB 320.75+1.13cC 340.60+0.85aC

&€ \Within each row, different superscript uppercase letters show differences between the storage days within the
same analysis group (p<0.05). ~E*Within each column, different superscript lowercase letters show differences
between treatments within the same analysis group (p <0.05). R: Raw wheat germ, MWS: microwave-assisted
steam drying wheat germ, FD: freeze-drying germ.

Different TPC values have been previously reported for wheat germ in the literature. The TPC
of aqueous and ethanol extracts of wheat germ were found to be 14.63 and 14.93 mg GAE ¢,
respectively (Zhu et al., 2011). Velioglu et al. (1998) noted 349 mg GAE 100g™? in methanol extract of
wheat germ, which is consistent with the finding (335 mg GAE 100g?) of this study. The TPC
reported by Bilgicli et al. (2006) and De Vasconcelos et al. (2013) in 50 and 70% methanol extracts
were 3.01 Mm GAE g and 4.07 mg GAE g, respectively.

3.2. Antioxidant activity of wheat germ samples
3.2.1. DPPH assay

DPPH values followed the same trend as those observed in TPC values, significantly. FD
samples showed higher levels of DPPH activity (81.63%) than R and MWS samples (74.49% and
78.92%) (Table 2), since antioxidant substances are not damaged by high heat treatment.The
difference between DPPH values of R and MWS samples was not significant at the initial stage
(p>0.05). Because the low temperature and short time application in the microwave oven (600 W, 5
min) minimized the loss of antioxidant substances. In addition, in the MWS method, steam was
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simultaneously introduced into the microwave oven, thus preventing the germ from burning and
serious losses in antioxidant activity (Table 1, 2, 3). A linear decrease in DPPH value was observed
during the storage period in all samples. For example, the activity of the R sample reduced from 78.92
to the lowest 70.01% while the activity of the MWS sample 74.49 to 66.26% and the FD sample from
81.63 to 75.16 % at the end of the storage period. The reasons to reduce the activity of DPPH are the
destruction of compounds with antioxidative activity such as phenolics, tocopherols, or carotenoids by
enzyme, pH, temperature, oxygen, light, etc. (Brandolini & Hidalgo, 2012). At the end of the storage
period, the MWS samples had the lowest (66.26%) and the FD samples showed the highest DPPH
values (75.84%). The result proved once again that the FD method preserved a very high rate of
natural bioactive compounds in germs.

Table 2. DPPH values (% inhibition) of wheat germ (n=3 +SD)

Storage Days

Initial 15" day 30" day 60" day 90" day

-18 °C  78.92+0.11aA 78.45+0.01bB 77.01£0.01cB 71.70+0.16dB 70.01+0.01eB

R 4°C 78.92+0.11aA 78.17+0.23bB 77.62+0.88cB 71.45+0.74dB 70.02+0.03eB
25°C  78.92+0.11aA 78.85+0.06bB 76.78+0.39¢cB 71.53+0.04dB 70.31+0.44¢eB

-18 °C  74.49+0.69aA 73.05+£0.04bA 70.44+0.00cA 67.44+0.52dA 66.26+0.51eA

MWS 4°C 74.49+0.69aA 73.63+0.04bA 70.16+0.22cA 67.35+0.49dA 66.26+0.08cA
25°C  74.49+0.69aA 73.22+0.31bA 68.59+0.59cA 67.91+0.13dA 66.59+0.09¢A

-18 °C 81.63+1.68aB 81.51+0.01bC 80.91+0.14cC 78.30+0.11dC 75.16+£2.91eC

FD 4°C 81.63+1.68aB 81.09+0.07bC 80.42+0.09cC 78.18+0.88dC 75.80+0.40eC
25°C  81.63+1.68aB 81.44+0.62bC 80.56+0.63cC 77.71£0.24dC 75.84+0.66¢C

&e\Within each row, different superscript uppercase letters show differences between the storage days within the
same analysis group (p<0.05). A€ Within each column, different superscript lowercase letters show differences
between treatments within the same analysis group (p <0.05). R: Raw wheat germ, MWS: microwave-assisted
steam drying wheat germ, FD: freeze-drying germ.

3.2.2ABTS assay

The ABTS value of the R, MWS, and FD samples were 17.22, 15.54, and 16.75 mmol troloks
g?, respectively. MWS treatment significantly reduced the ABTS values of all samples. (Table 3).
While TPC and DPPH values of the FD sample were higher than R samples, its ABTS value was
found to be lower. The lower value of ABTS in FD samples may be due to reducing the water content
during freezing, consequently, reducing the activity of ABTS used in the method which is more
reactive in aqueous media (Sanlhidere Aloglu, 2010).
There was an increase in ABTS values of R samples stored under different temperatures whereas the
MWS and FD samples did not show significant differences during storage (p>0.05). The lowest
antioxidant activity was determined in the MWS sample at 4°C (16.17 mmol trolox g?).
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Table 3. ABTS values (mmol trolox g?) of wheat germ (n=3 £SD)

Storage Temperatures

Initial 15" day 30™ day 60" day 90™ day
-18  17.2240.03aB  17.50+0.06aC  19.28+0.39bB 20.61£0.06cB  20.17+0.18cB
R 4°C 17.22+0.03aB  17.45£0.01aB  19.05+0.06bC 20.11£0.02cB  19.66+0.38cC
25°C  17.22+0.03aB  17.53£0.02bB  19.72+0.19cB 20.04+0.04dB  19.94+0.06cdB
-18  15.54+0.47aA  15.43+0.18aA  16.09+1.13aA 16.71£0.75aA  16.41+0.04aA
MWS  4°C 1554+0.47aA  1530+0.35aA  16.11£0.16abA  16.57+0.46bA  16.17+0.05abA
25°C  15.54+0.47aA  15.71£0.08aA  15.76+2.04aA 16.20£0.17aA  16.45+0.00aA
-18  16.75+0.01aB  16.99+0.04aB  17.99+0.09abAB  18.70+1.05bAB  17.15+0.67aA
FD 4°C 16.75+0.01aB  17.02£0.75aB  18.02+0.28abB  18.84+1.00bB  17.52+0.42abB
25°C  16.75+0.01aB  17.48+0.64aB  18.75+0.03aAB  18.03£1.00aA  16.67+1.58aA

&€ \Within each row, different superscript uppercase letters show differences between the storage days within the
same analysis group (p<0.05). A€ Within each column, different superscript lowercase letters show differences
between treatments within the same analysis group (p <0.05). R: Raw wheat germ, MWS: microwave-assisted
steam drying wheat germ, FD: freeze-drying germ.

3.3. Microbiological analyses of wheat germ samples

The TMAB value of the R sample was determined as 3.81 log cfu g* at the start of the storage,
and a linear increase was detected during 90 days (Table 4). At the end of the storage, R samples
which were stored at 25°C had the highest value (5.39 log-cfu g*) among all germ samples and it can
be stated that samples stored at 25°C are not suitable storage temperature for wheat germ according to
microbiological criteria. As a result of the heat treatment applied during the MWS method, the amount
of TMAB had a decreasing tendency. During microwave applications, high-frequency waves pass
quickly from the inner of food and thus heat transfer from the center to the surface takes place (Meda
et al.,, 2017). So, the amount of energy absorbed by food and microorganisms increases in the
microwave oven. Therefore, the power level of 600 W applied for 5 minutes was sufficient to reduce
the amount of TMAB in this study. On the other hand, FD samples were found to be statistically
different from R samples at the beginning of storage (3.46 log-cfu g2), this difference gradually closed
from the 30th day. In all germ samples, the lowest TMAB value was determined in samples stored at -
18°C. YMC value (Table 5) was limited completely in MWS samples because the internal temperature
of the sample reached 110 °C in the oven. Although the samples of FD are found at very low
temperatures and humidity levels at the beginning of storage, it has been reported that yeast spores
maintain their vitality at -15 ° C for 160 weeks (Cakmakg et al., 2011). In this case, it iS Seen that
yeast spores cannot be inhibited with the FD method. A linear increase was observed in R and FD
samples during storage but the rate of increase in FD samples was less than in the R samples. It was
determined that yeast-mold growth was quite rapid in samples stored at room temperature (25°C)
compared to other temperatures.At the end of the storage, the highest YMC value was observed in the
R sample stored at room temperature with a value of 3.13 log-cfu g* while the YMC value in the FD
sample under the same conditions was determined as 2.49 log-cfu g-.
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Table 4. TMAB counts (log-kob g?) of wheat germ (n=3 +SD)

Storage Temperatures

Initial 15" day 30™ day 60" day 90" day
-18°C  3.81+0.14aC 3.97+0.02abC 4.11+£0.04bB 4.21+£0.01bC 4.7240.19¢C
R 4°C 3.81+0.14aC 4.09+0.01aC 4.39+0.19bAB 4.43+0.02bB 4.94+0.07¢B
25°C 3.81+0.14aC 4.27+0.07bC 4.66+0.13cB 4.95+0.04dC 5.39+0.04¢B
-18 °C  2.75+0.05aA 3.00+0.00bA 3.334+0.04cA 3.47+0.01dA 3.64+0.06eA
MWS 4°C 2.7540.05aA  3.17+0.02bA 3.41+£0.04bcA 3.714£0.24cdA 3.88+0.13dAA
25°C 2.75+0.05aA  3.44+0.00bA 3.67+0.02cA 3.874+0.08dA 4.07£0.10eA
-18°C  3.46%0.06aB 3.72+0.07bB 4.01+0.01cB 4.14+0.01dB 4.26+0.04eB
4°C 3.49+0.01aB 3.86+0.04bB 4.23+0.04cB 4.50+0.04dB 4.75+0.04eB
i 25°C 3.46+0.06aB 4.10+0.01bB 4.39+0.08cB 4.73+0.06dB 5.20+£0.04¢eB

&€ \Within each row, different superscript uppercase letters show differences between the storage days within the
same analysis group (p<0.05). AEwithin each column, different superscript lowercase letters show differences
between treatments within the same analysis group (p <0.05). R: Raw wheat germ, MWS: microwave-assisted
steam drying wheat germ, FD: freeze-drying germ.

Table 5. Yeast-mould counts (log-kob g?) of wheat germ (n=3 +SD)

Storage Days

Initial 15" day 30" day 60" day 90™ day
-18 °C 2.3540.06aC 2.37+0.01abC 2.41+0.01abcC 2.43+0.01bcC 2.49+0.01¢cC
R 4°C 2.35+0.06aC 2.45+0.03bC 2.58+0.04cC 2.65+0.03¢cC 2.78+0.04dC
25°C 2.3540.06aC 2.60+0.14abC 2.70+0.14bC 2.83+0.04bC 3.13+0.07cC
-18 °C 0.00A 0.00A 0.00A 0.00A 0.00A
MWS 4°C 0.00A 0.00A 0.00A 0.00A 0.00A
25°C 0.00A 0.00A 0.00A 0.00A 0.00A
-18 °C 1.91£0.01aB  1.99+0.01bB 2.10+0.02cB 2.12+0.02¢B 2.17+£0.02dB
FD 4°C 1.91£0.01aB 2.04+0.06bAB 2.11+£0.01bB 2.20+0.01cB 2.28+0.02dB
25°C 1.91+0.01aB 2.11+£0.01bB 2.25+0.04cB 2.39+0.01dB 2.49+0.01eB

&€ Within each row, different superscript uppercase letters show differences between the storage days within the
same analysis group (p<0.05). A€ Within each column, different superscript lowercase letters show differences
between treatments within the same analysis group (p <0.05). R: Raw wheat germ, MWS: microwave-assisted
steam drying wheat germ, FD: freeze-drying germ

4. Discussion and Conclusion

In the present study, not commonly used methods MWS and FD were applied for stabilization
of raw wheat germ and the effects of these methods on nutritional and microbiological quality of raw
germ were discussed. While the TPC and DPPH values of samples followed the order FD>R>MWS,
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the ABTS values of samples showed descending order as R>FD>MWS. In terms of microbial counts,
MWS samples gave the lowest TMAB, and YMC was not detectable. The overall evaluation of the
results showed that FD is an excellent method to minimize losses in bioactive compounds and
antioxidant activity in wheat germ. However, it is difficult to use in industrial-scale production as it is
not suitable for microbial safety. Thanks to this study, the effects of FD using as a pretreatment can be
investigated following the same parameters for different cereal wastes like a germ. Our results also
revealed that MWS is a more preferable and safe stabilization method and -18 °C was the most
reliable temperature for the storage of stabilized wheat germ according to obtain microbially safe
productAs a result, it was observed that the bioactive compounds and antioxidant capacity did not
change much at different storage temperatures. Therefore, it seems that it is not necessary to store at -
18°C or 4°C as it increases energy consumption in the endustrial scale.

Acknowledgements

Financial support provided by Van Yuzuncu Y1l University Research Fund (FDK-2017-5582)
is gratefully acknowledged.

References

Ali, S., Usman, S., Nasreen, Z., Zahra, N., Nazir, S., Yasmeen, A., & Yaseen, T. (2013). Nutritional
evaluation and stabilization studies of wheat germ. Pakistan. Journal of Food Science, 23(3),
148-152.

Amol B, M., Kalpana, K., & Smita S, L. (2011). Effect of gamma irradiation on total phenolic content
and in vitro antioxidant activity of pomegranate (Punica granatum L.) peels. Food and
Nutrition Sciences, 2 (5), 428-433. https://doi.org/10.4236/fns.2011.25060

Bae, S. H., & Suh, H. J. (2007). Antioxidant activities of five different mulberry cultivars in Korea.
LWT - Food Science and Technology, 40, 955-962. https://doi.org/10.1016/j.lwt.2006.06.007

Bakkalbasi, E., Yilmaz, O. M., Javidipour, 1., & Artik, N. (2012). Effects of packaging materials,
storage conditions and variety on oxidative stability of shelled walnuts. LWT - Food Science
and Technology, 46, 203-209. https://doi.org/10.1016/j.1wt.2011.10.006

Bilgigli, N., Elgiin, A., Herken, E. N., SelmanTiirker, Ertas, N., & Ibanoglu, S. (2006). Effect of wheat
germ/bran addition on the chemical, nutritional and sensory quality of tarhana, a fermented
wheat flour-yoghurt product. Journal of Food Engineering, 77 (3), 680-686.
https://doi.org/10.1016/j.jfoodeng.2005.07.030

Brand-Williams, W., Cuvelier, M. E., & Berset, C. (1995). Use of a free radical method to evaluate
antioxidant activity. LWT - Food Science and Technology, 28(1), 25-30.
https://doi.org/10.1016/S0023-6438(95)80008-5

Brandolini, A., & Hidalgo, A. (2012). Wheat germ: Not only a by-product. International Journal of
Food Sciences and Nutrition, 63 (S1), 71-74. https://doi.org/10.3109/09637486.2011.633898

Cakmakg1, M.L., Karahan, A.G., & Cakar, 1. (2008). Microbiology. Food Technology Society, Ankara,
Turkey.

De Vasconcelos, M. C. B. M., Bennett, R., Castro, C., Cardoso, P., Saavedra, M. J., & Rosa, E. A.
(2013). Study of composition, stabilization and processing of wheat germ and maize industrial
by-products. Industrial Crops and Products, 42, 292-298.
https://doi.org/10.1016/j.indcrop.2012.06.007

Dudonné, S., Vitrac, X., Coutiére, P., Woillez, M., & M¢érillon, J. M. (2009). Comparative study of
antioxidant properties and total phenolic content of 30 plant extracts of industrial interest
using DPPH, ABTS, FRAP, SOD, and ORAC assays. Journal of Agricultural and Food
Chemistry, 57(5), 1768-1774. https://doi.org/10.1021/jf803011r

Erim Kose, Y. (2021). Kinetic modeling of oxidation parameters and activities of lipase-lipoxygenase
in wheat germ oil. Article e423 Grasas y Aceites, 72(3). https://doi.org/ 10.3989/gya.0554201.

Erim Kose, Y. (2022). Degradation kinetic modeling of bioactive compounds and enzyme activity in
wheat germ during stabilization. LWT, 112501, in press.

Gili, R. D., Torrez Irigoyen, R. M., Penci, M. C., Giner, S. A., & Ribotta, P. D. (2018). Wheat germ
thermal treatment in fluidised bed. Experimental study and mathematical modelling of the heat

170



YYU J INAS 26 (3): 163-171
Erim Kose et al.. / Effects of Microwave-Assisted Steam Drying and Freeze-Drying Techniques in the Raw Wheat Germ for the Antioxidant Activity and Microbiological
Quality

and mass transfer.  Journal of Food  Engineering, 4 (1), 71-81.
https://doi.org/10.1016/j.jfoodeng.2017.09.029

Harrigan, W. . (1998). Laboratory Methods in Food Microbiology (3rd edition). Gulf Proffesional
Publishing, New York.

Jha, P. K., Kudachikar, V. B., & Kumar, S. (2013). Lipase inactivation in wheat germ by gamma
irradiation. Radiation Physics and Chemistry, 86, 136-139.
https://doi.org/10.1016/j.radphyschem.2013.01.01

Kirca A, & Ozkan M. (2007). Some Test and Analysis Methods for Different Purposes, Food
Analysses. Bekir Cemeroglu (Ed.). Food Technology Society, Ankara, Turkey.

Kallithraka, S., Salacha, M.I., Tzourou, 1.(2009). Changes in phenolic composition and antioxidant
activity of white wine during bottle storage: Accelerated browning test versus bottle storage.
Food Chemistry, 113 (2) 500-505. https://doi.org/10.1016/j.foodchem.2008.07.083

Li, B., Zhao, L., Chen, H., Sun, D., Deng, B., Li, J., & Wang, F. (2016). Inactivation of lipase and
lipoxygenase of wheat germ with temperature-controlled short wave infrared radiation and its
effect on storage stability and quality of wheat germ oil. PLoS ONE, 11 (12), 1-13.
https://doi.org/10.1371/journal.pone.0167330

Marti, A., Torri, L., Casiraghi, M. C., Franzetti, L., Limbo, S., Morandin, F., &Pagani, M. A. (2014).
Wheat germ stabilization by heat-treatment or sourdough fermentation: Effects on dough
rheology and bread properties. LWT - Food Science and Technology, 59, 1100-1106
https://doi.org/10.1016/j.Iwt.2014.06.039

Martinez-Flores, H. E., Garnica-Romo, M. G., Bermtudez-Aguirre, D., Pokhrel, P. R., & Barbosa-
Canovas, G. V. (2015). Physico-chemical parameters, bioactive compounds and microbial
quality of thermo-sonicated carrot juice during storage. Food chemistry, 172, 650-656.
https://doi.org/10.1016/j.foodchem.2014.09.072

Meda, V., Orsat, V., & Raghavan, V. (2017). Microwave heating and the dielectric properties of
foods. In The Microwave Processing of Foods: Second Edition. https://doi.org/10.1016/B978-
0-08-100528-6.00002-4

Orphanides, A., Goulas, V., & Gekas, V. (2013). Effect of drying method on the phenolic content and
antioxidant capacity of spearmint. Czech Journal of Food Sciences, 31 (5), 509-510.
https://doi.org/10.17221/526/2012-cjfs

Speck M.L. (1984). Compendium of methods for the microbiological examination of foods. American
Public Healt Association, Washington.

Srivastava, A. K., Sudha, M. L., Baskaran, V., & Leelavathi, K. (2007). Studies on heat stabilized
wheat germ and its influence on rheological characteristics of dough. European Food
Research and Technology, 224(3), 365-372. https://doi.org/10.1007/s00217-006-0317-x

Sudha, M. L., Srivastava, A. K., & Leelavathi, K. (2007). Studies on pasting and structural
characteristics of thermally treated wheat germ. European Food Research and Technology,
225 (3-4), 351-357. https://doi.org/10.1007/s00217-006-0422-x

Sanlidere Aloglu H. (2010). Identification of bioactive peptides obtained from yogurt and
determination of antimicrobial and antioxidant activity of these peptides. (PhD), Suleyman
Demirel University, Isparta, Turkey.

Velioglu, Y. S., Mazza, G., Gao, L., & Oomah, B. D. (1998). Antioxidant Activity and Total Phenolics
in Selected Fruits, Vegetables, and Grain Products. Journal of Agricultural and Food
Chemistry, 46 (10), 4113-4117. https://doi.org/10.1021/jf9801973

Xu, B., Zhou, S. L., Miao, W. J., Gao, C., Cai, M. J., & Dong, Y. (2013). Study on the stabilization
effect of continuous microwave on wheat germ. Journal of Food Engineering, 117 (1), 1-7.
https://doi.org/10.1016/j.jfoodeng.2013.01.031

Zhu, K. X., Lian, C. X., Guo, X. N., Peng, W., & Zhou, H. M. (2011). Antioxidant activities and total
phenolic contents of various extracts from defatted wheat germ. Food Chemistry, 126 (3),
1122-1126. https://doi.org/10.1016/j.foodchem.2010.11.144

Zou, Y., Gao, Y., He, H., & Yang, T. (2018). Effect of roasting on physico-chemical properties,
antioxidant capacity, and oxidative stability of wheat germ oil. LWT, 90, 246-253.
https://doi.org/10.1016/j.Iwt.2017.12.038

171



Fen Bilimleri Enstitiisii Dergisi / Journal of the Institute of Natural & Applied Sciences




	01-On_Kapak
	02-FBE-Dergi Bilgileri Aralık 2021
	03-İçindekiler
	04-Germination and Seedling Growth of Some Turfgrass Species Exposed to Smoke Solutions
	05-Giyilebilir Minyatür Atalet Ve Manyetik Sensörler (MIMU) Vasıtasıyla Alt Ekstremite Aktivitelerinin Makine Öğrenmesi Algoritmaları İle Sınıflandırılması
	06-Alzheimer Hastalığı Tedavisinde Etkili Cyclo(Phe-Phe) Dipeptidinin Konformasyon Analizi
	07-Yeşil Nohut Kabuğu Atıklarının Sulu Çözeltiden Pb+2 Biyosorpsiyonunda Değerlendirilmesi
	08-Taşova (Amasya) Yöresinde Yetiştirilen ‘Ekmek’ Ayva Çeşidinin Fiziksel ve Biyokimyasal Özellikleri
	09- Effects of Microwave-Assisted Steam Drying and Freeze-Drying Techniques in the Raw Wheat Germ for the Antioxidant Activity and Microbiological Quality
	Arka_Kapak

