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BIOLOGY OF THE MELON WORM, DIAPHANIA HYALINATA L.
(LEPIDOPTERA: PYRALIDAE), ON CUCURBITS IN GEZIRA
STATE, SUDAN
Mohaned MOHAMMED*

1Department of Field Crops, Faculty of Agriculture, University of Ondokuz Mayis, 55200, Samsun, Turkey

Abstract: The melon worm, Diaphania hyalinata Lepidoptera: Pyralidae considered as an insect pest that infests cucurbits and causes
serious damage to them. Despite the importance of this insect, it has not received adequate study. This study was conducted under
laboratory conditions with 28+1.2 and 20-25% room temperature and relative humidity respectively, to determine melon biology of
melon worm on six species of cucurbits namely; snake cucumber, squash, pumpkin, sweet melon, watermelon, and tibish. The study
revealed that the average duration of the developmental stages i.e. egg, larva, and pupa were 2.5+0.25, 11.4+0.13, and 7+0.15 days,
respectively. The fecundity and fertility were 90.4+£7.60 eggs and %73.6+3.63, respectively. The life cycle (from egg-laying to adult
emergence) was completed in 20-23 days with a mean of 21.37+0.22 days when the larvae were fed on leaves of snake cucumber. The
sex ratio was 1:0.8 male to female. The type of food had significant effects on larval, pupal period, and life cycle. A clear impact on the
duration of the life cycle was found when larvae were fed on leaves of snake cucumber, squash, pumpkin, sweet melon, watermelon,
and tibish compared when fed on fruits of the same cucurbits above. It was found that snake cucumber and sweet melon were the most

preferred by females for egg laying compared to the other cucurbits in laboratory studies.
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1. Introduction

The family cucurbitaceae is considered as a large family
which includes about 130 genera and 900 species
(Jeffrey, 1980). Only 30 species of 9 genera under this
family are cultivated (Esquinas-Alcazar andGulick, 1983).
They are essential source of vitamins and minerals and
are useful in neutralizing the acid substances that result
from consumption of animal protein and other food.
Cucurbits constitute a major protein of vegetable source
and are grown in different regions of Sudan (Ahmed,
2000). The Sudan’ bank (2011) reported that annual
production of cucurbits Sudan increased from 607000
tones (863000 acres) in 2003, to 616000 tones (88000
acres) in 2009. The cucurbits grown in Sudan include:
snake cucumber (Cucumis melo var flexuous), squash
(Cucurbita pepo L), pumpkin (Cucurbita maxima), sweet
melon (Cucumis melo var cantaloupnesis), water melon
(Citrullus lanatus) and tibish (Cucumis melo var tibish).
Many insect pests and diseases attack cucurbits and
affect both productivity and quality and may even
destroy whole plant.

The melon worm, Diaphania hyalinata
(Lepidoptera: Pyralidae) was a minor pest but became a
major pest in last few years. The Diaphania species are

Linnaeus

serious pests of Cucurbitaceae (Capinera, 2001; Panthi et

al, 2017; McKinlay, 1992). In Sudan it prefers snake
cucumber and heavy attack had been reported from
many parts of the country (Ali, 2009). The melon worm
had been recorded earlier in the country (Medani, (1923;
Gorier, 1932). However, during the growing season of
2005/ 2006 it was encountered as a serious pest on
snake cucumber, cantaloupe, squash, and Pumpkin in the
Gezira state (Mohamed and Ali, 2006). The melon worm
moths deposit eggs as small clusters (2 - 6 eggs). On
buds, stems, and underside of leaves during the nights.
Covering the plants with a fine mesh screen can prevent
melon worm adults from laying eggs on foliage (Webb
and Linda, 1992). Eggs hatch in 2-4 d, and young larvae
initially feed close to where they hatch (Canerday and
Dilbeck, 1968; Fulton, 1947). The larva has five instars
and total larval development time is about 14 days
(Capinera, 2005). Larvae feed on lower surface of the
leaves and later move and penetrate fruits and make
them unmarketable (Ali 2006). The larvae can feed on
the surface of the fruit, or even burrow into the fruit
(Mohamed, 2012; Mohaned et al., 2013). However, melon
worm under laboratory conditions completed its life
cycle in 21-30 days at a range of temperature 18- 40 °C
and RH 10-26 % (Capinera, 2005). The melon worm is
also a serious pest of cucurbits through the southern
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United States (Valles and Capinera, 1992). Due to the lack
of scientific researches and data about this pest in Sudan,
this study aimed to determine the biology (life cycle) of
the insect on six cucurbits species,: snake cucumber
(Cucumis melo var flexuous), squash (Cucurbita pepo L),
pumpkin (Cucurbita maxima), sweet melon (Cucumis
melo var cantaloupensis), watermelon (Citrullus lanatus),
and tibish (Cuccumis melo var tibish), and to reveal host
preference of egg laying by females.

2. Materials and Methods

2.1. Identification Studies

The melon worm larvae were collected from infested
fruits and brought to laboratory of the biology of the
Faculty of
Agricultural Sciences for rearing until adult emergence.

Crop Protection Department in the
The adults have been sent to the insect collection unit
(ARC) for identification, also some pupae were sent to
prof Dominique Bordat, CIRAD, Monpellier, France for
confirmation the identification, with some adult photos.
2.2. Laboratory Studies

The biological studies were carried out under laboratory
conditions to determine the life cycle of the insect at
room temperature 28.3+1.2 and RH 20-25%. Melon
worm, small larvae were collected from snake cucumber
in the field and brought to the laboratory, they were
reared singly in cups (8cm diameter and 12cm length)
and fed on leaves of the same cultivars with collection
site. The leaves were replaced daily by new fresh leaves
of snake cucumber until pupal stage. The morphological
differences between male and female were observed and
the sex was identified. The emerged adults were
separated and each pair (male and female) were put
together in a cage (50 x50 x 50 cm), made of plastic and
covered with muslin cloth. Leaves of snake cucumber
brought from the field were washed by water to remove
any eggs on them, and then were kept inside the cage for
oviposition. A piece of cotton wool wetted with sucrose
solution (10g sugar /100 L water) was used as food for
adults and they were replaced daily with new ones. The
leaves inside the cage were examined daily to observe
the biological stages.

2.2.1.Eggs

The leaves with newly laid eggs were transferred to
Petri-dishes lined with moist filter paper. The number of
eggs in each Petri-dish was recorded. The eggs were daily
inspected until hatching; incubation period and
percentage of hatching were also recorded.

2.2.2. Larvae

After hatching, the newly emerged larvae (20 larvae)
were reared on snake cucumber leaves. The larvae were
confined in 20 plastic cups (8cm diameter and 12cm
length). A single larva was placed in each cup with fresh
leaves every day, until pupation. Duration of larvae from
egg hatching until pupation period was recorded.

2.2.3. Pupae

The duration from pupation until adult emergence was
recorded as pupal period.

2.2.4. Adults

The average of total life cycle and sex ratio for the melon
worm were recorded. Ten pairs of newly emerged adults
(male and female) were confined each into an oviposition
cage, made of plastic and covered with muslin cloth. A
piece of cotton wetted with 10 % sugar solution was
provided every day for
experiment was designed to study and evaluate the
pattern of egg lying, pre-oviposition, oviposition and
post-oviposition period in each cage and data were
recorded on daily basis. The number of eggs laid by a
single female per day and the adult longevity were also
recorded.

2.3. Effect of Type of Food on Larval, Pupal Periods
and Life Cycle

This study was carried out under laboratory conditions
(temperature 28.3+1.2 °C and RH 20-25%). One hundred
and eighty newly hatched larvae were obtained from the
laboratory and transferred to one hundred and eighty
rearing cups. The larvae were divided into two groups:

adult nourishment. The

The first group, consisted of ninety larvae divided into six
groups of fifteen replicates. Leaves of snake cucumber,
squash, pumpkin, sweet melon, water melon or tibish.
The second group, composed of ninety larvae, was also
divided into six groups of fifteen replicates. The larvae of
each group were confined to feed on one diet fruits of
snake cucumber, squash, pumpkin, sweet melon, water
melon or tibish. The diet (leaves or fruits) in each cup
was replaced daily until the larvae reached the pupal
stage. The differences in larval periods and pupal periods
according to the different foods were recorded.

2.4. Host-Plants Preference

This experiment was designed to study the impact of 6
different host plants on the oviposition preference of
Diaphania hyalinata females. The host plants tested were
15- day- old seedlings of the following crops: snake
cucumber, squash, pumpkin, sweet melon, water melon
and tibish. The host seedlings were grown in cups in the
glass house before being transferred to the oviposition
cage. The six cups were placed in rows in cage, each row
constituted a replicate, four replicates were made. The
cups in each row were randomly arranged. 4 females and
4 males were placed together in the same cage. The cups
were carefully removed from the cage, next morning and
test plants were thoroughly inspected for egg laying. The
mean number of eggs laid /4 seedlings was calculated for
each host separately.

2.5. Statistical Analysis

The cages inside greenhouse were arranged randomly
through a completely randomized design (CRD) with
three replication. The data were subjected to appropriate
transformation when necessary, and analyzed using
(ANOVA) for significant differences between treatments
and Duncan’s Multiple Range Test (DMRT) was used for
means separation.

BS] Eng Sci / Mohaned MOHAMMED
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3. Results

3.1. Identification Studies

The adults of the melon worm sent to the insect
collection unit (ARC) were identified as Diaphania
hyalinata (Lepidoptera, Pyralidae); this result was
confirmed by Dominique Bordat CIRAD, France.

3.2. Life Cycle of the Melon Worm

3.2.1. The eggs

Eggs were usually laid singly during the night, although
some egg masses were observed. They were mainly
deposited on the lower surface of the fresh leaves. They

were also observed on stems. The eggs were glued to the
lower surface of the leaves by a sticky secretion. Initially
the newly laid eggs were white or greenish, but later they
turn into yellow before hatching (Figure 1).

a) The eggs

c) The female

b) The larvae

d) The male

Figure 1. Different developmental stages of the melon worm, Diaphania hyalinata, showing the eggs (a), the larvae (b),

the female (c) and the male (d).

The eggs incubation period

The eggs incubation period was 1-4 days with an average
of 2.5+0.25 days. Hatching occurred early in the morning
and the mean percentage of hatching was 73.6% * 3.63
(Table 1).

3.2.2. The larvae

Hatching of eggs took place on the lower surface of the
leaves. The newly hatching larvae were colorless. They
moved to the upper surface of the leaves and
immediately began to feed on the tender leaves and later
on stems, buds, flowers and fruits. The two sub dorsal
white stripes extending along the length of the body are
considered the most distinctive characteristic of the
larvae (Figure 1).

Table 1. Mean egg incubation period, percent hatching,
developmental stages and adult ovipositional period of
the melon worm, Diaphani hyalinata

Stage Duration ( days)
Incubation period of egg 2.5%0.25
% hatching 73.6 +3.63
Larva 11.4£0.13
Pupa 7.0 £0.15
Pre- oviposition 1.6 £0.22
Oviposition 5.6 £0.37
Post- oviposition 3.1+0.37

BS] Eng Sci / Mohaned MOHAMMED
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Under laboratory conditions, the larval stage was
completed in a period ranging from 11-13days, with an
average of 11.4 + 0.13 days (Table 1).

3.2.3. The pupae

In the laboratory, pupation took place on cup covers,
rearing cages and also observed on the leaves. However,
under field conditions the larvae pupated on the leaves,
but no pupation was observed in the soil. The pupal
period ranged from 6-8 days with an average of 7.0+ 0.15
days (Figure 1, Table 1).

3.2.4. The Adults

Adults mostly emerged during the night. There is a tuft of
light brown "hairs" on the tip of the abdomen, vestigial in
the male but well-developed in the female. The wings
pearly are white centrally, but are edged with broad
band. Moths mainly display brushy hair pencils at the tip
of the abdomen when at rest position (Figure 1). The
average total life cycle of the insect (from egg laying to
adult emergence) was 21.37+0.22 days and sex ratio
male to female was 1: 0.8.

3.3. Oviposition, Fecundity and Longevity

The pre-oviposition period ranged between 1-3 days
with an average of 1.6+0.22 days. Whereas, the
oviposition period ranged between 4-8 days with an
average of 5.6x0.37 days. The oviposition pattern was
indicated in Figure 2. That pattern reached a peak in the
third day after egg laying had started, and then declined
sharply on the eighth day. The post-oviposition period
ranged between 1-5 days with an average of 3.1+0.37
days (Table 1). The mean number of eggs laid by a single
female was 90.4 * 7.60 with a range of 63-131
egg/female (Table 2). The longevity of males ranged from
7-10 days with an average of 8.2+0.35 days. Male caged
with female for mating generally died earlier. The
longevity of adult females ranged from 7-12 days with an
average of 10.3+ 0.47 days (Table 2).

Table 2. Fecundity and longevity of adult male and
female of melon worm, Diaphania hyalinata

90.4 +7.60
82+0.35
10.3£0.47

Fecundity
Male longevity (days)
Female longevity (days)

250 4

— — =)
=) L =1
=] < =3

Number of eggs/female/day

w
=1
L

1 2 3 4 5 6 7 8§ 9 10 11

Oviposition period (days)

Figure 2. Oviposition pattern of the melon worm,
Diaphania hyalinata, on snake cucumber.

3.4. Effect of Six Cucurbits Leaves on Larval, Pupal
Periods and Life Cycle

The results of testing the different food types including
leaves of snake cucumber, squash, pumpkin, sweet
melon, water melon and tibish on larval and pupal
development, are presented in Table 3. Table 3 shows
that the mean larval periods were 11.26+0.45,
11.460.63, 12.13+0.16, 11.80+0.17, 12.50+0.20 and
13.25+0.27, when the larvae were reared on leaves of
snake cucumber, squash, pumpkin, sweet melon, water
melon and tibish, respectively. The larvae fed on tibish
showed the longest developmental period
followed by those fed on water melon and pumpkin,
respectively. Whereas, those fed on snake cucumber
leaves showed the shortest developmental period
followed by those fed on squash and sweet melon leaves,

leaves

respectively.

The mean pupal duration was 7.07+0.23, 7.46+0.21,
7.54+0.27, 7.64+0.24, 8+0.30 and 7.62+0.26 days for the
larvae fed on snake cucumber, squash, pumpkin, sweet
melon, water melon and tibish, respectively. The pupae
developed from larvae fed on snake cucumber leaves
emerged earlier in 7.07+0.23 days. On the other hand
those of water melon showed relatively longer pupation
period of 8.0£0.30 days. The pupae developed from
larvae fed on leaves of sweet melon, tibish, pumpkin and
squash reflected no significant differences in pupation
period, which averaged 7.64+0.24, 7.62+0.26, 7.54+0.27
and 7.46+0.21 days, respectively, ( Table 3). The average
life cycle (from egg to adult emergence) was 20.38+0.22,
20.84+0.33, 21.54+0.36, 21.42+0.20, 22.33+0.32 and
22.87%0.39 days on snake cucumber, squash, pumpkin,
sweet melon, water melon and tibish leaves, respectively
. The average life cycle was shorter for those reared on
snake cucumber leaves (20.38+0.22) followed by squash
leaves (20.84+0.33) and longer for those on tibish leaves
(22.87+0.39) followed by water melon leaves
(22.33+0.32). Significant differences were found in the
average life cycle of the insects raised on pumpkin and
sweet melon (21.54+0.36) and (21.42+0.20) days
respectively (Table 3).

The percentage of pupated larvae were 100, 100, 100,
100, 93.4, and 80 for snake cucumber, squash, pumpkin,
sweet melon, water melon and tibish, respectively. The
percentages of emerged adults were 86.7, 86.7, 73.4,
93.4,85.7 and 66.7, respectively (Table 3).

3.5. Effect of Six Cucurbits Fruits on Larval, Pupal
Periods and Life Cycle of the Melon Worm

The results of testing the different six fruits of snake
cucumber, squash, pumpkin, sweet melon, water melon
and tibish on larval and pupal development, were
presented in Table 4 which shows that the mean larval
periods were 13.50+0.20, 13.35%0.13, 13.35+0.21,
13.28+0.12, 14.33+0.14 and 14.09+0.25 days for the
larvae reared on fruits of snake cucumber, squash,
pumpkin, sweet melon, water melon and tibish,
respectively.
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Table 3. Effect of six cucurbits leaves on larval, pupal periods and life cycle of the melon worm, Diaphania hyalinata

Means
Host plant Larval period Pupal period Total life cycle % Pupation % Emergence
(days) (days) (days)

Snake cucumber 11.26%0.45f 7.07+0.23b 20.38+0.22f 100 86.7
Squash 11.46+0.63¢ 7.46+0.21ab 20.84+0.33¢ 100 86.7
Pumpkin 12.13+0.16¢ 7.54+0.272b 21.54+0.36¢ 100 73.4
Sweet melon 11.80+0.17d 7.64+0.243b 21.42+0.204 100 934
Water melon 12.50+0.200 8.00+0.30a 22.33+0.32b 93.4 85.7
Tibish 13.25+0.27a 7.62+0.263b 22.87+0.39a 80 66.7
Mean 12.07+314 7.56+252 21.56+0.30 95.6 82.1
CV% 0.50 5.40 0.25

LSD 0.12 0.73 0.11

abedefMeans containing different letters are significantly different. P>0.05

Table 4. Effect of six cucurbit fruits on larval, pupal periods and life cycle of the melon worm, Diaphania hyalinata

Means
Host plant Larval period Pupal period Total life cycle % Pupation % Emergence
(days) (days) (days)

Snake cucumber 13.50+0.20bc 7.83+0.20d 23.25+0.25¢ 93.4 85.8
Squash 13.35+0.13¢ 8.08+0.19¢ 23.50+0.194 93.4 85.8
Pumpkin 13.35+0.21¢ 8.00+0.36¢ 23.60+0.494 80.0 83.4
Sweet melon 13.28+0.12¢ 8.72+0.14a 23.90+0.16¢ 93.4 78.6
Water melon 14.33+0.14a 8.00+0.01¢ 24.50+0.18 80.0 66.7
Tibish 14.09+£0.252b 8.28+0.18b 24.28+0.52b 74.4 63.7
Mean 13.65+0.18 8.15+0.18 23.84+0.30 85.8 77.3
CV% 2.35 1.05 0.38

LSD 0.58 0.15 0.17

abede Means containing different letters are significantly different. P>0.05

The larvae fed on water melon and tibish fruits showed
the longest developmental periods, respectively. While
those fed on sweet melon squash, pumpkin, and snake
cucumber fruits showed the shortest developmental
periods, respectively. The mean pupal duration was
7.83£0.20, 8.08+0.19, 8+0.36, 8.72+0.14, 8, 8.28+0.18
days for the larvae fed on fruits of snake cucumber,
squash, pumpkin, sweet melon, water melon and tibish,
respectively. The pupae developed from larvae fed on
snake cucumber leaves emerged earlier in 7.83+0.20
days. While those of developed from sweet melon, tibish,
squash, pumpkin and water melon had relatively longer
pupation periods of 8.72+0.14, 8.28+0.18, 8.08+0.19,
8+0.36 and 8 days, respectively ( Table 4).

The average life cycle (from egg to adult emergence) was
23.25+0.25, 23.50%0.19, 23.60+0.49, 23.90%0.16,
24.5040.18 and 24.28+0.52 days for insects derived from
snake cucumber, squash, pumpkin, sweet melon, water
melon and tibish fruits, respectively. The average life
cycle was shorter for those reared on snake cucumber,
squash, pumpkin and sweet melon 23.25+0.25,
23.504£0.19, 23.60x0.49 and 23.90%0.16, respectively.
While it was longer for those reared on water melon and
tibish 24.50+0.18 and 24.28+0.52 days, respectively
(Table 4).

The percentage pupated larvae were 93.4, 93.4, 80, 93.4,
80, and 74.4 for the groups fed on snake cucumber,

squash, pumpkin, sweet melon, water melon and tibish,
respectively. The percents emerged adults were 85.8,
85.8,83.4, 78.6, 66.7 and 63.7, respectively (Table 4).

3.6. Host Preference

The results of the cage experiment conducted in the
laboratory for the determination of the host preference.
The selectivity of the female for egg deposition on
different hosts expressed as number of eggs/4 plants was
the parameter used for assessment of host preference.
Observations have shown that in the caged plants the
eggs were either laid singly or in batches, mostly on the
lower surfaces of the leaves and occasionally on the
stems of the plants. Of the 6 types of cucurbits tested,
snake cucumber and sweet melon were the most
preferred with mean no. of eggs of 22.25 and 22.00 eggs
/4 plants, respectively followed by squash, Pumpkin and
water melon 21, 185 and 15.75 eggs/4 plants,
respectively. Whereas tibish was the least preferred with
a mean of 12.00 eggs/4 plants, and none of the six
cultivars was immune to infestation (Table 5).
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Table 5. Mean number of eggs deposited by four females
on six different host plants in caged experiments

Treatments Mean number of eggs/ 4 plants
Snake cucumber 22.252

Sweet melon 22a

Squash 21ab

Pumpkin 18.5ab

Water melon 15.75ab

Tibish 12b

CcVv 20

SE+ 3.5

ab Means containing different letters are significantly different.
P>0.05

4. Discussion

Laboratory studies on different developmental stages
revealed that, the egg incubation period varied from 1 to
4 days (Mean 2.5+0.25). Capinera (2005) stated that egg
hatching occurred after 3 to 4 days which agreed with
this study. The larval period of Diaphania hyalinata
varied from 10 to 13 days (Mean 11.4+0.4 days).
Mohamed and Ali, (2006) reported larval period under
temperature 18-40 and RH 10-26% was 14 to 18 days
which was slightly longer than that observed in this
study. The pupal stage duration varied between 6 to 8
days with an average of 7.1+0.7 days. The present study
agreed with Mohamed and Ali, (2006) who reported that
pupal period varied between 4 to 8 days and which was
slightly shorter than Capinera (2005) results.

For the melon worm life cycle in this study, it was 20 to
23 days. Mohamed and Ali, (2006) reported life cycle of
21 to 30. The effect of six different food types, leaves and
fruits of snake cucumber, squash, pumpkin, sweet melon,
water melon and tibish on the larval and pupal stages
was studied in the laboratory. The results have shown
some differences between the six crops, leaves of snake
cucumber were found to be the most suitable for larval
and pupal rearing. Thus, the larvae raised on it completed
their life cycle (from egg to adult emergence) in a shorter
period. While leave of tibish and water melon were found
to be least suitable for larval and pupal rearing,
respectively. The larvae reared on them completed their
life cycle in a longer period, relatively. However, fruits of
squash, pumpkin and snake cucumber were found to be
the most suitable for larval and pupal rearing
respectively. Similarly, the same results were obtained
Linares-Ramirez (2007) by who reported that resistance
to Diaphania hyalinata was observed in Cucurbita
moschata under laboratory conditions. In general, larvae,
pupae and life cycle took more time when reared on
fruits compared to the leaves that could return to high
moisture content inside the fruits. On the other hand, the
larvae reared on squash, pumpkin and snake cucumber
completed their life cycle in a shorter period. While fruits
of water melon and sweet melon were found to be least
suitable for larval and pupal rearing, respectively. The
larvae rearing on them completed their life cycle in

relatively longer period. Other study conducted by
Guillaume and Boissot (2001) also shown that Cucumis
metuliferus Meyer and Cucumis Pustulatus Naudin (wild
cucumis) were resistant to Diaphania hyalinata.

In the present study, the host preference by female
among the six types of cucurbits was studied in a cage
experiment. Snake cucumber and sweet melon were the
most preferred, and squash, pumpkin, water melon and
tibish were the least preferred. None of the test plants
was immune. This could be probably due to less number
of hairs on snake cucumber and sweet melon compared
to other cucurbits.

5. Conclusion

In this research, the biology of the melon worm,

Diaphania hyalinata L. were studied on laboratory in

order to determine and identify life cycle of insect on six

species of cucurbits, including snake cucumber, squash,
pumpkin, sweet melon, water melon and tibish. The
following conclusion and suggestions are drawn out:

1. Diaphania hyalinata females laid their eggs singly or
in batches, mostly on the lower surfaces of the
leaves and occasionally on the stems of the plant.

2. Eggs hatched after 1-4 days. The larvae have five
larval development was
completed in 11-13day. Pupation period was 6-
8days. Pre oviposition, and post
oviposition periods were found to be 1-3, 4-8 and 1-
5 days, respectively. The life cycle was completed in
20-23 days, when the insect was fed on snake

instars. The larval

oviposition,

cucumber.

3. The larval and pupal periods and life cycle of melon
worm were slightly longer when fed on fruits of
snake cucumber, squash, pumpkin, sweet melon,
water melon and tibish than when fed on leaves of
the same cucurbits.

4. Under laboratory conditions leaves of snake

cucumber and sweet melon were the most

attractive for female eggs lying.
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1. Introduction accounted for 8.8% of total exports. This ratio increases

Although its rates in Gross Domestic Production (GDP)
and exports have declining trends in the last decades,

to 14.7% with processed agricultural products and
22.4%
agricultural area in the country is 37.9 million hectares.
The number of cattle is 17.7 million cows and 184

with agriculture-based industry. The total

agriculture is still an important sector in Turkey. It keeps
millions of people living in rural areas and engaging in

agricultural activities, provides basic food needs for the thousand buffaloes. The numbers of small ruminants are

33.6 million sheep and 10.6 million goats (TURKSTAT,
2019).
Having a large potential in terms of crop and animal

increasing population, provides employment in farms as
well as in the developing agro-industry, and makes
significant contributions to national income and exports.

Agriculture and rural areas also provide labor and raw
materials for the other sectors of the economy; and
creates demand for the inputs produced by different
industries, such as chemicals, pesticides, and farm
machinery (Cinemre and Kilig, 2015).

A total of 20.4 million people live in rural areas and
engage in agricultural facilities in Turkey. It can be said
that the amount of population intertwined with
agriculture is higher if the rural areas that are within the
scope of Greater City Municipalities are included in this
population. Approximately 7.5% of the total GNP comes
from agriculture, 21% of the working population is
somehow related to agriculture. On the other hand,
agricultural exports reached USD 16.1 billion and

production, the agricultural sector in Turkey faces major
structural problems. First of all, the average farm size is
quite small as compared to developed countries and it is
far from providing a stable income to the farm population
living on it. This makes it difficult for farmers to make
long-term investments and create a sustainable farming
structure in rural areas. Given the agricultural potential,
the competitiveness of the agricultural sector, and the
contribution of agriculture to exports are low. The
Turkish government has supported the agricultural
sector for many decades. Agricultural supports are based
on productivity, quality, and rural development. The
amount of support to agriculture was increased to 14.5
billion TL in 2018. From 2003 through 2017, Turkish
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farmers received 103 billion TL cash support. National
Agricultural Project was passed to improve the welfare of
our farmers, to have a more significant say in global
competition, to leave a full warehouse for future
generations in Turkey. The two most important pillars of
the project are the Basin Based Support Model “and
Domestic Livestock Production Supporting Domestic
Model (TOB, 2018).

Various studies use the method of determining the
problems experienced in a specific population using the
perspective of individuals sampled from that target
population. Kizilaslan and Somak (2019) determined the
views and regarding
agricultural policies with an example they selected from
the central district villages of Tokat province. Another
study in Tokat province was conducted to evaluate
farmers’ point of view of agricultural activities (Gozener,
2019). Basaran and Oraman (2019) researched the
college of agriculture students’ points of view of the
future of agriculture. Kaya et al. (2016) evaluated

expectations of producers

farmers’ perspectives on cooperatives comparing Agri
and Eskisehir provinces. A study on farmers’ points of
view regarding the place and importance of agriculture in
the Turkish economy was carried out by Orug¢ et al.
(2016). A study conducted in Kirklareli province (Egri,
2014) to measure farmers’ perceptions regarding the
transformation of Turkish agricultural policy after 2000.
The study conducted in Kahramanmaras
identified main agricultural issues and their solution
recommendations using the opinions of extension agents
employed by the provincial directorate of the Ministry of
Agriculture and Rural Affairs (Boz, and Candemir, 2007).
The common characteristic of the earlier research cited
here is they all tried to identify agricultural and rural

province

issues, of them measured perceptions of
respondents on determined subjects, and came out with
recommendations considering the opinions of related
clientele.

Being one of the largest delta plains of Turkey, Carsamba

some

district is producing a significant amount of fruits,
vegetables, field crops, and animal products. Farming
commodities produced in this district are marketed not
only within the borders of Samsun province but also in
all other regions of Turkey. However, farmers in the
districts face many different problems with production
and marketing. With this study, solutions were sought for
the main problems faced by the farmers operating in
agricultural production in the district.

The overall purpose of this study was to explore
agricultural issues faced by farmers operated in the
Carsamba district of Samsun province. Specific objectives
were to determine the socio-economic characteristics of
farmers, to list the main agricultural problems farmers
facing, and develop recommendations for the solutions to
these problems. The findings of this study are aimed to
provide agriculturists,
policymakers, farmers’ organizations, and scientists.

useful  information for

2. Materials and Methods

The main material of this study was information
provided by administering a questionnaire to 350
farmers operated in different villages of Carsamba
District. To draw accurate sample size, the villages where
farming is predominated rural livelihood were selected
with the aid of agricultural engineers employed by
Carsamba district directorate of the Ministry of
Agriculture and Forestry. Lists of farmers showing their
farm sizes were provided from the directorate and these
made the accessible population from which the sample
size was determined. First of all, farmers who made the
accessible population were divided into three strata
based on their frequency distribution of land sizes they
owned. Then using the stratified sampling technique,
adequate sample size was determined as follows
(Yamane, 2001):

N Y. NySE
= s &)
Where n shows the sample size, N represents an
accessible population, Nh is the number of subjects in a
stratum, and Sh is the standard deviation in a stratum. D2
is calculated by the formula d2/Z2, where d is an
allowable error from the mean of the accessible
population and Z represents the Z value in the standard
normal distribution table. Accepting a 5% error from the
mean of the accessible population and 95% confidence
interval (t=1.645), the sample size represented the target
population of this study was calculated as 350 farmers.
Since the accessible population was divided into three
strata based on the frequency distribution of farm size,
this sample size was also proportionally divided into
three strata. Random sample numbers were used to
determine each respondent to interview for data
collection. In case of respondents could not be found or
refused to respond to the questionnaire, spare farmers
from the same stratum were predetermined and these
were replaced by the original respondents.

A well-structured questionnaire was prepared to assess
the sociodemographic characteristics of the respondent,
their points of view of rural issues in their villages, and
the possible solutions they offer for the identified issues.
Therefore, the study was carried out by utilized both
quantitative and qualitative
Quantitative questions were technically closed-ended
and qualitative ones were open-ended as they were
required from farmers to freely express their opinions
of agricultural around their
environment and possible solutions they propose for
solutions. Earlier work of (Boz and Candemir, 2007), and
(Boz and Kaynakel, 2019) was explicitly utilized to
prepare the questionnaire. It was included three sections;
the first section searched socioeconomic characteristics
of farmers, the second section included farmers' points of
view of agricultural issues in their environment and the
third

research  methods.

and views issues

section covered questions relating farmers’
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proposed solution recommendations, and other
unspecified subsects, if any. Data collection process was
completed between May and September months of 2016.
The questionnaires were mostly filled in farmers' houses
and tea shops of villages where farmers gather and
socialize, particularly during the winter season. It took
approximately half an hour to complete one
questionnaire.

Closed-ended questions were analyzed using descriptive
statistics such as means, standard deviations, minimum,
and maximum values. To analyze agricultural problems
in the locality farmers were asked to rank their problems
regarding the effect of each identified problem on their
farming. Then possible solution recommendations for
each problem were explained by farmers and noted by
researchers. The most stressed issues and farmers
proposed solutions were organized and reported by the

researchers.

Table 1. Socioeconomic characteristics of respondents

3. Results and Discussion

3.1. Socioeconomic Characteristics

The socio-economic characteristics of farmers are
presented in Table 1. A general farmer profile can be
generated from these findings as a 53 years old male
farmer having an average of 5.58 years of education and
31.93 years of farming experience. The average family
size was 3.58 persons while the number of people
working on the farm was 1.9. Since farming was not the
only livelihood in the locality the amount of off-farm
income per farmer was 2166 TL per month. The average
farmer operated 33.29 decares of agricultural land of
which 29.93 decare was property land, and farming
activities were carried out on an average of 5.19 parcels.
Most of the operational land was devoted to hazelnut
production (23.50 decares) and it was followed by maize
(4.50 decare), and tomatoes (2.58 decare) production.

Socioeconomic characteristics Min. Max. Mean Std. Dev.
Age of farmer 27 87 53.23 11.32
Schooling years 0 16 6.59 3.31
Farming experience 5 63 31.93 11.52
Family size 1 8 3.58 1.73
Number of people working at the farm 1 6 1.90 1.10
Off-farm income (monthly) 0 9000 2166.03 222911
Total operational land (decare) 0 400 33.29 37.08
Property land (decare) 0 400 29.93 34.95
Number of parcels 1 39 5.19 5.49
Area of hazelnuts 0 220 23.50 18.91
Area of maize 0 65 4.50 11.25
Area of tomatoes 0 120 2.58 10.66
Number of tractors 0 2 43 .53

The number of tractors owned per farmer was 0.43
indicating many farmers are operating their land by
rental tractors. The district has adequate climate and soil
conditions for growing many different fruits (pears,
apples, plums, peaches, mulberries, etc.) and vegetables
(tomatoes, lettuces, cabbage, peppers, eggplant, parsley,
etc.).

Considering  geographic  characteristics,
operational land, family size, family labor, and value of
farming commodities grown in the district, it can be said
that the district may offer a sustainable livelihood for
average farmers if they have the intention to continue
farming by applying proper farming practices suggested
by extension offices. This amount of land can provide
adequate income for a family of four persons, even larger.
But the problem here is there should be a consistency
with input and output prices which have been subject to
large fluctuations during the last decades. Also, a major
observation in the countryside is that young people do

average

not want to stay in these places as they want to receive
higher education and find employment other than
farming. This observation was corroborated with the
finding that farming labor per household was even less
than two persons (1.9) while the average family size was
3.58.

3.2. Farming Issues and Solution Recommendations
In this section, farmers were asked to list and explain the
main issues influencing the farming profession in the
locality and what kind of solutions they would offer to
solve these issues. Responses to this question were noted
and put in the order of importance as stressed by
farmers. The following priority issues and solution
recommendations were reported.

3.2.1. Marketing of farm products

The most preferred reason for hazelnut plants, which has
the highest production area in the region, is that it
requires less labor than other farm commodities. In
addition to this, especially the farmers who raise
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livestock obtain roughage fodders from the hazelnut
orchard and graze their animals there. Besides, firewood
is also provided from the hazelnut garden. However, the
main source of income that the hazelnut plant provides
to producers is dried hazelnuts, which are harvested and
sold once a year. The selling price of the product is
determined by the government to close to the harvest
period. The main buyers are the government through
agricultural products office, the hazelnut agricultural
sales cooperatives union (FISKOBIRLIK), and private
traders.

Hazelnut farming is the livelihood of the Black Sea Region
and it has an important place in the world market.
According to the recent data 75% of global hazelnut
production and approximately 60%
cultivation area in the world take place in Turkey
(FAOSTAT, 2020) Although hazelnuts occupy a
significant place in Turkish agriculture, the price of the
hazelnut produced by the Turkish producers is
determined in the Hamburg Hazelnut Stock Market in

of hazelnut

Germany. The government’s purchase price is also highly
influence by this price and the domestic producers have
to sell the hazelnuts at the prices determined here.
Farmers stressed that the price of hazelnuts have been
determined at low levels for years and it is far away of
providing viable income for them. Due to periodicity in
many districts, stable production cannot be achieved and
this further causes price fluctuations which make it more
difficult for farmers to earn stable income.

Beside hazelnuts marketing problems farmers also have
difficulties of marketing other farm commodities such as
fresh fruits and vegetables, as well as livestock products.
Although Carsamba’s agricultural products are consumed
not only in Samsun province but also in many other
provinces of Turkey, a value chain for farm commodities
could not be achieved. This prevents farmers and
processors to continue production and processing in a
well operated market environment.

To solve marketing problems of hazelnuts it is proposed
to set up a hazelnut stock market in Turkey. Besides, new
and alternative uses of hazelnut should be increased.
Examples of this are new types of chocolates, hazelnut
butter, hazelnut oil, muffins, and cakes. Also, the
consumption of hazelnut products should be encouraged
with various advertising campaigns. Other marketing
problems can be solved by encouraging farmers to
establish farmers’ organizations such as vegetables and
fruits growers’ cooperatives.

Although the unit cost of hazelnuts varies according to
the farms, it varies between approximately 9 TL and 17
TL in the region (Yildirim, 2018). Sales prices, on the
other hand, may sometimes fall below the cost. Especially
because the farmers have fewer storage facilities, they
quickly sell their products at lower prices without
following the market sufficiently. With the expansion of
licensed warehousing, both the need for safe storage and
the liquidity needs of farmers will be met to some extent.
Besides, by using cooperatives or similar unions in which

the producers' hands will be strengthened in determining
prices in hazelnut sales, it will be possible to reduce the
advantage of traders and companies and increase the
income of producers.

3.2.2. High-level input prices

A significant portion of the interviewed farmers
complained that input prices in agricultural production
were too high. For example, the purchase of chemical
fertilizers, pesticides, seeds, seedlings and saplings at
high prices decreases profit margins and often leaves no
additional income for producers. On the other hand, the
daily wages of off-farm labor force needed especially in
hazelnut harvest are quite high. The fact that the input
prices are so high brings many farmers to the threshold
of abandoning agricultural production.

Farmers offered three alternative suggestions to solve
this problem. First of all, they stressed the importance of
sale prices being determined at higher levels and
showing stability from year to year. The second
suggestion is that input prices should be cheaper. If this
objective cannot be provided with market forces, the
state should increase its input subsidies for agricultural
production as a precaution. Although farmers receive
many subsidies from the government (TOB, 2018), many
argue that these subsidies are not producing enough
yield and productivity in many farm commodities (Boz
and Kaynake1, 2019). This is because Turkey has been
importing many agricultural products for domestic
demand which cannot be met by domestic supply. For
these reasons, the prices are continuously increasing
which causes consumers to spend the majority of the
household budget on food consumption.

3.2.3. Lack of qualified labor

There is a lack of qualified workforce in hazelnut farmers
in the study area. In cases where the family workforce is
insufficient, the importance of the quality of the off-farm
workforce, which is used extensively, becomes evident.
As in every field of agriculture, an unqualified labor force
prefers to work and landowners do not have a chance to
choose workers due to the difficulty of finding adequate
workers in the region. Employees can be certified
through practice-based and training
programs focused on the work they will do, and a higher
wage can be provided thanks to the certificate. By

short-term

ensuring that certified workers are employed through
private companies, the adequacy of both their social
security and technical capacities can be guaranteed. By
providing incentives to employing certified workers, the
benefits of workers with high technical capacity can be
proven to farm managers and be adopted. Workers who
do not have a certificate in the region may be prevented
from entering the region for work purposes. Employers
will also be more willing to choose people who are
trained in their specific branch.

3.2.4. Fertilizing and plant protection measures
Producers lack information on the amount and timing of
chemical fertilizers and pesticides to be used in fresh
fruit and vegetable production. In some cases, it was
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stated that excessive chemical fertilizers and pesticides
were used in the region. Although this prevents plant
diseases and pests and prevents yield decreases,
sometimes unconscious chemical use causes residues in
products and reduces the market value of the product. On
the other hand, it was stated that the producers could not
control the packaging materials and residues properly
and this situation sometimes poses a health risk for the
farmer's family and the local people. This finding of the
research has been confirmed by the earlier studies
conducted in Carsamba district (Bayraktar and Boz,
2020), Tirkoglu district of Kahramanmaras province
(Alben and Boz, 2014), and Isparta province (Demircan
and Yilmaz, 2005).

Farmers should be supported by the district directorate
of agriculture, chamber of agriculture and other farmers'
organizations with regular training and extension
activities to solve the problems in chemical fertilization
and spraying. Also, good agricultural practices and
organic farming activities which ensure more sustainable
use of agricultural resources in the region should be
encouraged (Eryilmaz et al, 2019; Eryilmaz and kilig,
2018). Various demonstration activities should be
carried out with the assistance of the faculty of
agriculture operating in the region. In addition to the
proper use of chemical fertilizers and pesticides, the use
of farm manure should be encouraged. In this context,
family farmers should be encouraged, even supported to
raise at least a couple of livestock.

3.2.5. Lack of using modern agricultural technologies
Although many developments have
agriculture, in the research area it was observed that
these technologies have not been used by many farmers.
Use of pesticides and chemical fertilizers, on the other

occurred in

hand, is common. Also, farmers own adequate machinery
for cultivating fresh fruits and vegetables, as well as field
crops. However, modern irrigation technologies have not
been adopted by hazelnut farmers. Research showed that
if hazelnut is irrigated in specific periods of growing
seasons the yield and quality are directly affected
(Kiilahcilar, 2017). Results of the present study showed
that there is a lack of information on the benefits of
irrigation in the region. Although some farmers who
practice irrigation can easily observe its benefits, the rate
of irrigation is very low due to the opinion that the water
need of hazelnut is met with rainfall and the idea that it
will bring additional workload.

3.2.6. Land division and fragmentation

Both inheritance laws and the geographical features of
the region prevent farmers from being farm owners
consisting of a single parcel. Inheritance laws require
that agricultural land should be divided equally among
children, which leads to fragmentation of agricultural
assets. On the other hand, although the research area is a
plain, there are also rugged, irregularly shaped and
unsuitable lands for machine use. All these negative
features are reflected in costs by increasing both labor
and energy use. To solve this problem, land consolidation

works should be carried out in the region and the
agricultural land should be left only to the heirs who are
willing to farm.

3.2.7. Lack of land-use planning in the region

As a result of the study, the farmers especially addressed
the problem of land-use planning. In terms of agricultural
production, land and production planning depend on the
type of land use. In this respect, land-use planning in the
region should be rearranged and land consolidation
should be undertaken. It is clear that farmers will
contribute more to production as a result of the land
consolidation works. Increasing production, especially by
using modern agricultural techniques, depends on having
land parcels in proper size and shapes. Greenhouse
production in the region has a tremendous potential,
particularly in fruit and vegetable growing. However, the
scattered and fragmented lands pose an obstacle.

4. Conclusion and Recommendations

The results of this study showed that although farming in
Carsamba district offers a remarkable potential for future
developments, farmers face many different problems that
restrict their ability to reach this potential. Many argue
that the government should take the major initiative to
solve these problems, particularly by increasing farming
subsidies which they believe to have a major influence on
farmer income and welfare in the long term. However,
the results of this study showed that governmental
subsidies can only play a partial effect to solve farming
issues and offer sustainable agriculture, particularly in
terms of economic and social aspects. Except for farming
subsidies more specific attempts should be made to
develop agriculture in the district.

First of all, marketing structure of the farm commodities
produced in the district should be improved. A key
measure to be taken is the practicing of product
traceability which is applied in many developed
countries to follow-up each farm commodity from pre-
production to post consumption. If this system is applied
for farming products of the region, production plans will
be arranged accordingly and this will probably minimize
price fluctuations through marketing channels. At the
same time, effective control of government support
payments can be ensured by product traceability.

High input prices pose a problem for input use. In
addition to the contracted production of the producers in
the district, dealing with the
organizations instead of individual farmers in the region
will create more feasible results in terms of reaching

institutions and

input prices that reasonable for farmers. However, the
low-level organizational awareness of the farmers in the
region prevents the utilization of this advantage. Besides,
there is a lack of thrust among farmers to join farmers’
organizations due to many different reasons. Establishing
properly functioning farmers organizations, as well as,
the government's legal controls over these organizations
are very important at this point.

Land-use planning will offer more viable farms in the
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district. An effective and functional land-use planning
will make it possible for farmers to grow fruits and
vegetables which have easier access to markets at
suitable prices. This will probably reduce price
fluctuations and its adverse effects to farmers’ income.
Land consolidation practices; use of modern farming
technologies, particularly pressurized irrigation systems;
encouraging farmers’ organizations, and implementing
continuous extension training programs will reduce the
problems faced by farmers and make farming more
viable livelihood in the locality.
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Kankale, 2016; Daud et al, 2017), Hilbert-Huang
Transform (HHT) (Das et al, 2017; Sahani and Dash,
2018), Gabor-Wigner Transform (GWT) (Shilpa et al,,
2015) and Kalman-Filter (Abdelsalam, 2012). Several
intelligent classifiers such as Artificial Neural Networks
(ANN) (Naik and Kundu, 2014; Lopez-Ramirez et al,
2016), Fuzzy Logic Controllers (FLC) (Polat and Giines,
2007), Support Vector Machines (SVM) (Li et al,, 2016),
Rule-Based systems (Rodriguez et al, 2012) are used for

1. Introduction

In recently, the power quality issue is the subject of much
research for an increasing number of electronic and
power electronic equipment components, nonlinear
loads, solid-state
switching devices used in industrial and public sectors.
PQE is an important issue due to complicated power
distribution because of increasing in grid connection for
the new energy resources such as wind and solar energy
conversion systems. Therefore, PQE detection and
classification is extremely important for the protection of
power distribution network. This sensitivity, which

unbalanced power systems and

classification and recognition of PQE. These methods are
basic steps of pattern recognition that use signal-
processing techniques (Stoica and Moses, 2005).

The purpose of this research is to provide an artificial
intelligence assistant that can fast and accurately advise

occurred in recent years in the case of power quality, it
has forced the development of intelligent methods to
reduce the negative effects of PQEs the least (Li et al,
2016; Jamali et al., 2018).

Various approaches for the detection and classification of

the power system operators for the networks. The
critical task in developing such a system is to select the
appropriate marking analysis technique for classifying

PQE are developed in the literature. Several of papers
based on different techniques such as Fourier transform
(FT) (Polat and Giines, 2007; Ipinnimo and Chowdhury,
2013; Deokar and Waghmare, 2014; Karasu and Sarag,
2018), wavelet transform (WT) (Ucar et al, 2018), S-
transform (ST) (Saini and Kapoor, 2012; Satao and

PQE. In order to achieve this purpose, five different PQE
including voltage sag, voltage swell, flicker, transient and
voltage with harmonic and pure sine as a reference are
produced in different amplitude, beginning occurrence
time, time duration, frequency component and angle
according to a type of event. These types of PQE with
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parametric equations and event parameter variations are
given in Table I. Voltage sag and voltage swell signals are
produced with different amplitudes, lengths and time
duration. Voltage sag species the decrease in voltage
from 0.9 to 0.1 pu for a typical period from 0.5 cycles to 1
minute. Voltage swell is the increase in voltage from 1.1
to 1.8 pu for a representative period from 0.5 cycles to 1
minute. Voltage sag and voltage swell are created in
different amplitude, beginning occurrence time, time
duration, and angle. A flicker is a systematic variation of
the voltage waveform or a series of random voltage
changes. Flicker signal is created with time scale ranges
from tens of nanoseconds to steady-state and frequency
ranges from 58 Hz to 60 Hz. This frequency range is
chosen because the best-distinguished flicker frequency
by the human eye is between 8 and 10 Hz. Transient is a
sudden high peak event that raises the voltage levels in
either a positive or a negative direction. Transient is
created with different time duration, angles, frequency
and amplitude which occur in voltage from 50
nanoseconds to 50 milliseconds. Harmonic distortion is
the corruption of the fundamental sine wave at
frequencies that are multiples of the fundamental.
Voltages with harmonics are created with different
amplitudes and frequency components such as 3th, 5th
and 7th.

The organization of the paper is as follows: FFT (Fast
Fourier Transform) based feature extraction stage is
discussed in Section 2.1 in Section 2. The fundamental of
FFT is detailed in Section 2.1.1. Section 2.1.2 presents the
reduction data size with PCA. In Section 2.2, the
classification of PQE by using ANN is presented. Section
2.2.1 presents the ANN classification approach. The
results are shown in Section 3. Finally, the conclusion is
in Section 4.

2. Material and Methods

In this section, the methods used to classify the signals
produced by the types of distortion based on ANN are
described in detail.

2.1. Feature Extraction Method Based on FFT

2.1.1. Fast fourier transformation

FFT is a fast and efficient numerical algorithm that
computes the Fourier transform. The FFT does not refer
to a new or different type of Fourier transform. It refers
to a very efficient algorithm for computing the discrete
Fourier transform (DFT). The Fourier transform maps
time domain frequency domain
representations and is defined as;

functions into

X(f)=Fix(t)}= oFx(t)e—ﬂﬂffart (1)

—0o0

where x(t) is the time domain signal, and X(f) is its
Fourier Transform. DFT maps discrete-time sequences
into discrete-frequency representations and is given by;

n—-1
Xk= Z xije
i=0

k
— k=012,.,n—1. (2)

x; is the input data, X is its DFT, and n is data number in
both the discrete-time and the discrete-frequency
domains. If it is applied directly, DFT requires nearly n2
complex operations. On the other hand, computationally
efficient algorithms can require as little as nlog2(n)
operations with FFT, which is named fast Fourier
transform. It is assumed that N is a power of 2,

N=2m (3)
For some integer m=1,2,....

By splitting the sum in, from the definition of the DFT,
equation 2 into two parts, it is gotten

N/2 N/2

X(o=Y xOwtk+ 3 x)wtk (4)
t=1 t=N/2+1

Define

W=e—"zﬁn (5)

The twiddle factors are simply the sine and cosine basis
functions written in polar form. This leads to the
definition of the twiddle factors as;

WNk/Zz{ 1, forevenk} 6)

-1, foroddk

If the function that is wanted to be expanded is even: f(k)
= f(k), or odd: f{x) = -f(x). Because the Fourier modes are

trk .tk . .
also even COS(T) or odd sm(T), the Fourier expansion

can be simplified (Peacock, 2014). Using this observation
in equation 4, it is obtained:
For k=2p=0,2,...

N
X@2p)= Y[d(e)+x(t+ NP (7)
t=1

For k=2p+1=1,3,...

X(2p+1)= g:{[x(t)—x(mﬁ]wt}wtp (8)
t=1

where N=N/2 and W =2 =g~ 127N

The equation (7) and (8) are the core of the FFT
algorithm and represents DFTs for data of length equal
to N. Computation of the sequences transformed in
equations (7) and (8) requires N flops. Therefore, the
computation of an N-point transform has been reduced
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to the evaluation of two N/2-point transforms plus a

sequence computation requiring about N/2 flops. This

reduction process is continued until N = 1 (Changjie and

Buxiang, 2015).

2.1.2. Principal component analysis

PCA, which has been widely used in many applications, is

an unsupervised method for feature extraction and data

reduction. The main reasons for using this method are as

follows:

e To increase the accuracy score

e To prevent over-learning (overfitting)

e To achieve less runtime using less computing power

e To shrink data and reduce storage space

e To remove noise (unnecessary information, noise)
in the data

e To be able to analyze and visualize data effectively
cause unnecessary information and overfitting
problems in the model.

So, in this work, PCA is used to prevent over-learning,

obtain less runtime using less computing power and

reduce data and storage space. PCA analyzes a data Table

I in which observations are described by several inter-

correlated quantitative dependent variables. Its goal is to

extract the important information from the table, to

represent it as a set of new orthogonal variables called

principal components, and compress the size of the data

set by keeping only this important information. The

process steps to reduce the data size with PCA are as

follows (Tan and Ramachandaramurthy, 2010; Shen et

al.,, 2019). Firstly, data is processed to normalize its mean

and variance;

u=l 30 ©)
Mji=1

Each x® is replaced with x(® — 1. These steps zero out
the mean of the data, and may be omitted for data known
to have zero mean.

G%:%Zi(xj(i))z (10)

Each xj(i) is replaced with xj(i)/aj. These steps rescale
each coordinate to have unit variance, which ensures that
different attributes are all treated on the same “scale.”
Consider that given a unit vector u and a point x, the
length of the projection of x onto u is given by xTw. Le,, if
x®is a point in the dataset, then its projection upon u is
distance xTu from the origin. Therefore, to maximize the
variance of the projections, is chosen a unit-length u for
maximize;

%;(X(I)Tu) :uT(%;XU)XO) Y (1 1)

It is easily recognized that the maximizing this subject to
|Jul|z = 1 gives the principal eigenvector of

P NG (12)

=1

To project the data into a k-dimensional subspace (k < n),
it should be chosen uq, ..., uito be the top k eigenvectors
of ¥.. The ui’s form a new, orthogonal basis for the data.
Then, to represent x( in this basis need only compute
the corresponding vector;

Pl
uz! x(0)

Y= gk (13)

T 0]

Thus, whereas x(® € R¥, the vector y® now gives a
lower, k-dimensional, approximation/representation for
x®, PCA is therefore also referred to as a dimensionality
reduction algorithm. The vectors uy, ..., u; are called the
first k principal components of the data (Tan and
Ramachandaramurthy, 2010).

The classification accuracy depends on both extracted
features and the classifier. Selecting a robust classifier is
essential to detect and classify of PQE accurately.

In this study, six voltage waveforms including pure sine,
voltage sag, voltage swell, flicker, transient, voltage with
harmonic are produced by using mathematical models in
MATLAB. TS EN 50160 standard is used as a reference
for feature extraction based on FFT. The parametric
equations for the generated signals are shown in Table 1
(Vankatesh et al., 2010).

The healthy simulation model operates at 1 pu voltage
amplitude. Sampling frequency is 25.6 kHz. PQE is
produced as 5120 samples in 10 periods length. The
frequency components of the signals are generated by
using FFT analysis. The amplitude of the coefficients
obtained from the FFT transform can be seen in the
Power Spectrum (PS) graph visually. The PS of a signal
shows how the power of signal is distributed throughout
the frequency domain. FFT is used to get the frequency-
domain voltage data from the time domain. The PQE is
generated and the properties of PS graphs are obtained
by using FFT analysis are given in Figure 1.
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Table 1. Numerical modelling of the simulated PQE

PQE Numerical model Parameters
Pure Sine v(t) = sin(wt) w = 2150 rad/sec
Voltage Sag v(t) = [1 - a(u(t —t;) —u(t— tz))]sin(wt) 01<a<09T<t,—t;<9T
Voltage Swell v(t) = [1 + a(u(t —t) —u(t— tz))]sin(wt) 01<a<09T<t,—t;<9T
ek (0 = A(1 + a sin(B0t))sin(at 0.01 < a; <025
icker v(t) = ag sin(Brwt) )sin(wt) 2Hz < B, <8Hz
Transient v(t) = A[1 + a(u(t — t;) — u(t — t,)]sin(wt) A=5-10,0.05T <t, —t; <0.06T

. v(t) = (aq sin(wt) + a,sin(3wt)
Harmonics

+ a3 sin(5wt) + a, sin(7wt)

a; =1,a, = 0.6 — 0.06,
as = 0.2 —0.02,a, = 0.08 — 0.008

Sine Wave

Amgituss ()
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Figure 1. Sample waveforms of PQE and PS graphs.
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The pure sine signal and its PS are given in Figure 1(a).
Voltage sag and voltage swell signals contain 50 Hz
frequency component. Therefore, there is a decrease in
the component corresponding to 50 Hz for voltage sag
signal given in Figurel(b) while an increase in voltage
swell signal given in Figure 1(c) is observed. The
flickering signal is given in Figure 1(d) is generated by
adding 58-60 Hz component on a 50 Hz component. The
frequency ranges are shown in the PS graph. In transient
signal, a 4 kHz transient is generated and an increase in
the coefficient corresponding to 4 kHz component is
observed. The PS of the transient signal with a transient
frequency of 4 kHz is given in Figure 1(e). Figure 1(f)
gives the voltage with the signal obtained by adding 3th
and 5th harmonic component on the 50 Hz fundamental
frequency component. It is seen in the PS of the harmonic
signal that an increase in the component coefficients
corresponding to the 3rd and 5th harmonic is observed.
2.2. Classifying of PQE Based on ANN

2.2.1. Artificial neural network

ANNs are a new generation of information processing
systems and are good at, classification, optimization and
data clustering (Saini and Kapoor, 2012). In addition, the
ANNs are good at recognizing patterns and they are
extensively applied for the analysis of PQE (Kumar et al,,
2015; Kow et al,, 2016; Khokhar et al,, 2017; Luo et al,,
2017). Basically, an ANN consists of an input layer, one or
more hidden layers, and an output layer. The number of
neurons and hidden layers depends on the problem and
can be determined by trial and error until a target
performance is achieved (Uyar et al, 2013). In ANN,
network entries are first multiplied by weights. It is then
summed with the bias value and passed through the
transfer function to calculate the output. However, in
order for the neuron to produce the desired output, it is
necessary to set the weight values w and b. During the
learning process, the ANN weights are adapted to the
desired output vectors. The transfer function is a linear
or non-linear derivable function.

In this paper, we propose pattern recognition and
classification training methodology for the input signals.
The proposed features can be used for any classification.
The present study proposes the use of ANN for
classification. The structure of the ANN used in this study
is shown in Figure 2. The training parameters are
selected to obtain the best performance, after several
different experiments, such as the number of hidden
layers, learning rate, and type of the activation functions.

Figure 2. Two-layer neural network architecture with

feed forward.

The proposed ANN architecture is selected from MATLAB
/ Neural Network Toolbox. As seen in Figure 2, a two-
layer feed-forward network, with a hyperbolic tangent
sigmoid transfer function in the hidden layer, and a
softmax transfer function in the output layer are used as
a classifier. The hyperbolic tangent sigmoid function is
used since inputs have negative and positive values.
Multilayer feed forward ANNs are chosen because of
their ability to solve many engineering problems such as
function approach, pattern recognition and classification.
Pattern recognition and classification based on ANN is
successfully used by selecting the output that represents
the best-unknown input sample (Manjula and Sarma,
2010; Alshahrani et al., 2016; Feilatla et al., 2017). The
number of input is 480. The hidden layer has 10 nodes
while the output layer has 6 nodes. PQE that is classified
is given in Table 2.

Table 2. Class of PQE

PQE Class
Pure Sine C1
Voltage Sag C2
Voltage Swell Cc3
Flicker C4
Transient C5
Voltage with harmonics cé

3. Results

In order to detect and classification of the PQE, firstly,
five different PQE and pure sine are created in MATLAB
based on TS EN 50160 standard. Each sign in the PQE
data set is generated with different amplitude, beginning
occurrence time, time duration, frequency component
and angle according to the event. Pure sine is selected as
a reference. Then, the frequency components of the
obtained waveforms are extracted by using FFT analysis.
16384 samples are taken and reduced to 480 data by
applying PCA. The total size of the data set is 480 x 480,
where 480 is the size of the feature set and 480 is the
number of PQE with 80 samples of each class. Finally, the
feature vector of 480 x 480 is applied for training the
ANN classifier. From 480 PQE, 336 PQE are used for
training cluster, 72 for validation and the remaining 72
for testing the ANN classifier. The number of samples for
training, validation and testing is chosen at random and
given in Table 3.

Table 3. The number of samples for training, validation
and testing

Mode Samples in % Number of Samples
Training 70 336
Validation 15 72
Testing 15 72

The network reaches its best validation performance in
7.8073e-07, when generalization stops improving after
some iteration and then there is an increase in the mean
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square error of the validation samples. The smallest
error between test and validation occurred in 23
iterations. Receiver Operating Characteristic (ROC) is a
statistical method of decision making and is a graphical
representation of the relationship between sensitivity
and selectivity. For each class of classifier, the ROC
applies threshold values along with the output [0,1]
interval. For each threshold, two values are calculated:
True Positive Rate and False Positive Rate. The ROC

] Training ROC
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© C3
P 0.6
£ c4
B c5
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004 ce
@
=
|_
0.2
0

0 0.2 0.4 0.6 0.8
False Positive Rate

Test ROC
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0.6

0.4

True Positive Rate

0.2

0 0.2 0.4 0.6 0.8
False Positive Rate

Figure 3. Receiver operating characteristic.

A test with perfect discrimination (no overlap in the two
distributions) has a ROC curve that passes through the
upper left corner (100% sensitivity, 100% specificity).
Therefore, the closer the ROC curve is to the upper left
corner, the higher the overall accuracy of the test
(Atapattu et al, 2010). It is shown in Figure 3 that there is
a perfect hug in ROC curves to the left and top edges and
this test indicates that the ability of discrimination is
excellent. In addition, in Figure 4, confusion matrices for
training, testing and validation, and the six kinds of data
are combined. The green squares indicate correct
responses and red squares show incorrect responses.
The lower right blue squares illustrate the overall
accuracies So, as seen in Figure 4, the 99.8%recognition
performance shows that the training performs well. ANN
was trained with 100% accuracy and tested with 100%
accuracy. This ratio is thought to be very successful and
sensitive. Considering the effectiveness of the method
and the success of the results, the result of this study can
be deduced.

curve is created by plotting the true positive rate (TPR)
against the false positive rate (FPR) at various threshold
settings. ROC can also be expressed as the fraction of the
correct positives and the fraction of the false positives. If
the positives are perfectly separated from the negatives,
the area value under the ROC curve is 1, and if there is no
positive value, the value under the ROC curve is 0. The
larger this area, the more it has the sort of discrimination
(Zweig and Campbell, 1993).

Validation ROC
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0 0.2 0.4 0.6 0.8 1
False Positive Rate

AllROC
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False Positive Rate

4. Conclusion

A system for the recognition and classification of PQEs by
using FFT and ANN is presented in this paper. For this
purpose, five different PQE and pure sine are created in
MATLAB based on TS EN 50160 standard. 480 PQE
waveforms are generated with 80 samples for each of the
6 types of the waveform with randomly different
amplitude, beginning occurrence time, time duration,
frequency component and angle according to the event.
The sampling frequency of the waveforms is 25.6 kHz
and the power frequency is 50 Hz. PS graphs obtained
from the FFT analysis show that the 50 Hz frequency
components of voltage sag decrease while 50 Hz
frequency components of voltage swell increase. 3th, 5th
and 7th frequency components are increased in voltage
with harmonic. Corresponding to the generated transient
frequencies increase. Flicker signal is created in
frequency ranges from 58 Hz to 60 Hz. This frequency
range is chosen because the best distinguished flicker
frequency by the human eye is between 8 and 10 Hz. It is
obtained increase in flicker frequency components
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between 8 Hz to 10 Hz. It is seen that five kinds of PQE
and pure sine are distinguished visually. Totally, 16384

Training Confusion Matrix

OQutput Class
& R 8

(@]
(=2}

Cl C2 C3 C4 C5 C6
Target Class

Test Confusion Matrix

Qutput Class

Cl C2 C3 C4 C5 C6
Target Class

Figure 4. Confusion matrix

The ANN classifier is used for the classification.
Multilayer feed forward ANNs which is good at pattern
recognition and classification. From 480 PQE of each
event, 336 PQE are used for training cluster, 72 are used
for validation and the remaining 72 are used for testing.
The proposed system is capable of recognition of various
PQE with 100% accuracy. It is also shown that the overall
accuracy is 99.8 %: FFT, which is used for feature
extraction in this paper, can classify the PQE problems.
Feature extraction and classification of PQE based on FFT
and ANN gives satisfactory results. When the ANN model
proposed in this paper is applied in any power
distribution system, it can be observed that the network
can provide fast and accurate consultancy to grid power
system operators.
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GLADICYA MEYVESININ CAYIROTU SIiLAJINDA KULLANIMI
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Ozet: Bu calismada, suda ¢6ziiniir karbonhidrat (SCK) ve tanen bakimindan zengin Gladigya (Gleditsia triacanthos) meyvesinin,
cayirotu silaji yapiminda silaj katki maddesi olarak kullanim olanaklari arastirilmistir. Gladigya meyvesi, silajlarin kompozisyonlarina,
fermentasyon parametrelerine, in vitro gaz iiretim parametrelerine, in vitro organik madde sindirim derecelerine (IVOMSD) ve
metabolik enerji igeriklerine (ME) 6nemli derecede etki etmistir. Gladigya meyvesinin silajlara katilma oranina bagh olarak olusan
silajlarin kuru madde igerigi (KM), Fleig skorlar1 (FS), in vitro gaz iiretimleri, organik madde sindirim dereceleri (OMSD), metabolik
enerji icerikleri ve kuru madde sindirim dereceleri (KMSD) 6nemli derecede artarken, kil icerikleri (HK), asit deterjan fiber (ADF),
nétral deterjan fiber (NDF) ve ham protein igerikleri (HP) azalmistir. Kontrol grubuyla karsilastirildiginda, %6 oraninda Gladigya
meyvesi ilavesi ¢ayirotu silajinin amonyak igerikleri %46 oraninda, pH’sin1 ise %13,12 oraninda diisiirmiistiir. Kontrol grubuna goére,
%6 oraninda Gladigya meyvesi ilave edilen cayirotu silajimin Fleig Skoru 56,0’den 90,46’ya yiikselmistir. Kontrol grubuyla
karsilastirildiginda, %6 oraninda Gladigya meyvesi ilavesi ¢ayirotu silajinin ME igerigini %8,76 oraninda, OMSD ise %11,87 oraninda
kuru madde sindirim derecesini %20,28 artirmistir. Sonug olarak; daha kaliteli ¢cayirotu silaji elde etmek i¢in taze ¢ayirotuna en az %3
oraninda Gladigya meyvesi katilmasi tavsiye edilebilir.

Anahtar kelimeler: Cayirotu silaji, Gladigya meyvesi (Gleditsia triacanthos), Sindirim derecesi, Metabolik enerji

The Use of Honey Locust Pods as a Silage Additive for Grass

Abstract: In the current study honey locust (Gleditsia triacanthos) pods which is rich in water soluble carbohydrate (WSC) and tannin,
was used as a silage additive for grass plant. Honey locust pods had a significant effect on the chemical composition, fermentation
parameters, in vitro gas production parameters, in vitro organic matter digestibility (OMD) and metabolisable energy (ME) content of
grass silage. Although dry matter content, Fleig score, in vitro gas production, organic matter digestibility (OMD), metabolisable energy
(ME) and dry matter digestibility (DMD) of the resultant grass silage increased, crude ash, acid detergent fiber, neutral detergent fiber
and crude protein (CP) contents decreased with increasing level of honey locust pods. The inclusion of honey locust pods at %6 into
grass material resulted in a decrease in % 46 of the ammonia concentration and13.12% of pH respectively, when compared with
control group of grass silage. On the other hand, the inclusion of honey locust pods at 6% into grass material resulted in an increase in
8.76% of the metabolisable energy, 11.87% of organic matter digestibility and 20.28% of dry matter digestibility respectively, when
compared with control group of grass silage. In addition, the inclusion of honey locust pods at %6 into grass material resulted in an
increase in Fleig score from 56.0 to 90.46. It can be concluded that, at least, 3% of ground honey locust pods on fresh basis should be
included into grass forage to obtain high quality grass silage.
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suda ¢oziinebilir karbonhidrat (SCK) icermesi ve

1. Giris

Ruminant beslemesindeki en dnemli sorunlardan birisi
kaliteli kaba yem sorunudur. Yem girdilerinin igerisinde
kaba yem O6nemli bolimi olusturmaktadir.
Ruminantlarin kisin dengeli beslenmelerini saglamak ve
kaliteli kaba yem ihtiyacim1 karsilamak icin son yillarda
tilkemizde silaj liretimi olduk¢a 6nem kazanmustir. Silaj;
genellikle yesil ve suca zengin kaba yemlerin oksijensiz
ortamda kismi fermentasyonundan elde edilmektedir.
Ulkemizde musir basta olmak iizere yonca, fig, arpa,
bugday ve ¢ayir otu gibi bugdaygil ve baklagil bitkileri tek
basina veya birlikte (karisim halinde) silolanarak silaji
elde edilmektedir.

Bugdaygiller uygun zamanda hasat edildiginde yeterli

tamponlama (buffering) kapasitesi diisiik olmasindan
dolay1 kolaylikla silolanabilmektedir. Baklagillerde ise
durum olduke¢a farkhdir. Baklagillerin kuru madde
iceriklerinin  diisiik, suda ¢6ziinlir karbonhidrat
bakimdan fakir oluslar1 ve tamponlama kapasitelerinin
oldukca yiikksek olmasindan dolay1 direk veya
porsiitilmeden tek basina silolanmasi olduk¢a zordur
(Raques ve Smith, 1966; Pitt, 1990; Singh ve ark., 1996;
Davies ve ark.,1998).

Bilindigi gibi, silaj materyalinin uzun siire bozulmadan
kalabilmesi i¢in pH'nin 4 civarinda olmasi gereklidir. Silaj
materyalin pH’sinin diismesi icin laktik asit bakterileri
tarafindan laktik asit iretilmesi gerekmektedir. Ciinki
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silaj materyalinin pH’sinin diismesi tretilen laktik asit
miktarina  baghdir. Bunun igin de laktik asit
bakterilerinin kullanabilecegi yegane kaynak suda
coziinebilir karbonhidratlardir. Iyi bir silolama igin
gerekli suda ¢o6ziinebilir karbonhidrat seviyesi yas silaj
materyali kuru maddesinin %3,0’l kadar olmasi gerektigi
bildirilmistir (Chamberlain ve Wilkinson, 1996). Farkh
hasat zamaninda elde edilen ¢ayirotu ve silaji in situ ve in
vitro yontemlerle degerlendirilmis olup, hasat zamaninin
ilerlemesiyle birlikte pargalanan kisimda bir azalma
meydana gelmistir. Her iki teknigin de hasat zamaninda
meydana gelen farliliklar1 test etmede basarili oldugu
vurgulanmistir (Kis ve ark., 2005).

Cayirotunun  (Pennisetum Schumach)
bakteriyel inokiilasyonu sonucu olusan silajlarin aerobik
stabilitelerinin arttig1 bildirilmistir (Guim ve ark., 2002).
Cayirotunun, Kkaprilik ve kaprik asit ile birlikte
silolanmas1  sonucunda olusan = silajlarin
stabiliteleri kontrol grubuna gore yiikselmistir. Kaprilik
asit, laktik asit olusumunu engellemesine ragmen kaprik

purpureum,

aerobik

asit, laktik asit tiretimini engellememistir. Kaprilik ve
kaprik asit protozoa sayisini etkilememesine ragmen
organik madde sindirim derecesini biraz diistirmistiir
(Abel ve ark., 2002). Cayirotunun, Lactobacillus buchneri
ve Lactobacillus buchneri + homofermentatif laktik asit
bakterisinin (Pediococcus pentosaceus ve Lactobacillus
plantarum) karisimi ile silolanmasi sonucunda olusan
silajlarin pH’larinin baslangi¢ asamasinda hizli sekilde
diistligii, aerobik stabilitesinin de yiikseldigi gortilmiistir
(Driehuis ve ark., 2001).

Cayirotu (Pennisetum purpureum Schumach) melas ve
iire ile birlikte silolanmis olup; melas yiiksek oranda tire
kullanilan silajlarda bile pH'nin diismesine sebep olmus
ve c¢ayirotunun (Pennisetum purpureum Schumach)
giivenli bir sekilde silolanmasi i¢in en iyi kombinasyonun
%5 melas + %0,6 iire oldugu bildirilmistir (Yunus ve ark.,
2000). Silaj yapimi sirasinda bitkisel ve mikrobiyal
kokenli  enzimlerin yem materyali icerisindeki
proteinlerin asir1  bir sekilde kadar
parcalanmasina (proteolizis) neden oldugu ve c¢ogu
durumda gercek proteinlerin %80'ni amonyaga kadar
pargaladig tespit edilmistir (Winters ve ark., 2000).
Baklagil silajlarinda oldugu gibi, ¢ayir silajlarinda da
silolama sirasinda meydana gelen proteolizis énemli bir

amonyaga

sorundur. Proteinlerin silolama sirasinda  asir1
parcalanmasi proteinlerin rumende etkin kullanimini
etkilemektedir. Baklagil ve c¢aywrotu silajlarinda
proteinlerin asir1 par¢alanmasini dnlemek i¢in kullanilan
bir¢ok katki maddesi olmasina ragmen bu maddelerin
kullanimini kisitlayan faktorler vardir. Bundan dolay1 bu
calismada tamamen dogal olarak yetisen Gladigya

meyvesi kullanilmistir.

2. Materyal ve Yontem

2.1. Yemlerin Ogiitiilmesi ve Kompozisyonlarin
Belirlenmesi

Bu arastirmada ruminant hayvanlarin beslenmesinde
yogun bir sekilde kullanilan kaba yemlerden cayir otu ile

Galadigya meyvesi kullanilmistir. Arastirmada kullanilan
Gladicya meyveleri 1 mm elekten gececek sekilde
ogltiilmiis ve ogiitlilen ornekler 25 x 15 ebatlarinda
naylon torbalar igerisinde oda sartlarinda kullanilmak
lizere muhafaza edilmistir. Kahramanmaras Siitcii imam
Universitesi Kampiisii icerisinde bigme makineleri ile
bicilen cayirotu; (Festuca arundinacea (%35), Festuca
rubra (%20), Poa pratensis (%15), Lolium perenne
(%30)) porsiimesi
beklenilmeden yayillmis ve kurutulup
ogltiilmiis Gladigya meyvesiyle % 0,0, 1,5, 3,0, 4,5 ve 6,0
oranlarinda homojen bir sekilde karistirilmistir. Daha
sonra bu karisim 1,8-2 kg kapasiteli kiiciik bidonlara
hava kalmayacak sekilde elle sikistirilarak silolanmaya
birakilmistir. Her muamele g
hazirlanmistir.

Yemlerin kuru madde (KM), ham kiil (HK), ham yag (HY)
ve ham protein (HP) igerikleri AOAC (1995) metoduna
gore, NDF ve ADF icerikleri ise Van Soest (1991)
yontemine gore yapilmistir.

2.2. Yemlerin In vitro Gaz Uretimleri ve Gergek
Sindirim Derecelerinin Belirlenmesi

temiz  bir zemin {zerine

daha oOnce

tekerrirli  olarak

Silaj oérnekleri (0,2 g), 30 ml ¢ozeltiyle (10 ml rumen
sivist + 20 ml yapay tiikirik) 100 ml'lik siringalar
icerisinde 96 saat 39 °C’de inkubasyona birakilmistir
(Menke ve Steingass, 1988). Rumen sivisi {i¢ adet kaniilli
koctan alinmistir. Koglara %60 yonca kuru otu ve %40
kesif yemden olusmus rasyon verilmistir.

Bu islemler yapilmadan 6nce kullanilan siringalar 39 °C
On 1sitmaya tabi tutulmustur. Siringalar inkubasyonun
baslamasindan yarim saat sonra on dakikada bir
sallanmis. On saatlik inkubasyon sonunda her saat basi
sallanmistir.

Gaz olgiimleri 0, 3, 6, 12, 24, 48, 72 ve 96 saatlerde
yapimistir. Net toplam gaz tiretimleri kor denemeden
elde edilen gaz degerleri cikartilarak hesaplanmistir.
Biitiin gaz Ol¢iimleri li¢ tekerriirli yapilmistir. Daha
sonra elde edilen gaz degerlerinden iiretilen gaz miktari,
@rskov ve McDonald (1979) tarafindan gelistirilen model

kullanillarak  gaz  iretimiyle ilgili parametreler
hesaplanmistir.
y = a+b(1-exp-ct) 9]

a: kolay fermantasyona ugramis kisimdan elde edilen gaz
miktar1

b: yavas fermantasyona ugramis kisimdan elde edilen gaz
miktar1

c: b’nin fermente olma hiz1

t: zamani gostermektedir.

2.3. Metabolik Enerji (ME) igerikleri

Gaz Uretimi sonucu elde edilen 24 saatlik gaz ol¢iim
degerleri ve yem igerikleri kullanilarak yemin metabolize
olabilir enerji miktar1 asagidaki formiille hesaplanmistir
(Menke ve ark. 1979).

Metabolik Enerji ME (Mj/kg KM) = 2,20 + 0,136GU +
0,057HP + 0,002859HY 2)

GU: 24 saatlik gaz liretimi (ml)
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HP: Ham protein (%)

HY: Ham yag (%) ifade etmektedir.

2.4. In vitro Organik Madde Sindirilebilirlik Derecesi
(IVOMSD)

Gaz iretimi sonucu elde edilen 24 saatlik gaz 6l¢limleri
ve yem icerikleri kullanilarak yemin organik madde
sindirilebilirligi (%) asagidaki formiille belirlenmistir
(Menke ve ark., 1979).

IVOMSD = 14,88 + 0,8893GU + 0,448HP + 0,651H  (3)

IVOMSD: In vitro organik madde sindirim derecesi

GU: Gaz iiretimi (ml)

HP: Ham protein (%)

HK: Ham kiil icerigi (%) gostermektedir.

2.5. In Situ Naylon Torba Teknigi

Calismanin bu agamasi KSU Ziraat Fakiiltesi Hayvansal
Uretim Merkezinde yapilmistir. Altmis giinliik silolama
sonucunda olusan silajlarin kuru maddelerin rumende
pargalanabilirligi naylon torba teknigi kullanilarak, ¢
adet kaniil takilmis kog¢larda belirlenmistir. Bunun icin, i¢
ve dis parazitlerden arindirilmis ii¢ bas koga bizzat
arastirici tarafindan rumen kaniilii takilarak deney stiresi
boyunca saman ve konsantre yem iceren rasyonla
beslenmistir. Koclara her an ve rahatca ulasabilecekleri
sekilde temiz su ve yalama taslar1 saglanmistir. Silajlarin
rumende parc¢alanmasina ait parametreler in situ naylon
torba teknigi (@rskov ve McDonald, 1979) kullanilarak
elde edilmistir.

Kurutma sonunda kuru madde kayiplari zamana bagh
olarak biitiin silajlar i¢in hesaplanmistir. Zamana bagh
olarak elde edilen kuru madde kayiplar1t @rskov ve

McDonald (1979) tarafindan Onerilen fonksiyon
kullanilarak  her yemin yikilabilirlik  &zellikleri
saptanmistir.

Y =a+b (1-exp-ct) 4)

a: yem maddesinin rumene koyuldugu ilk anda ¢6ziinen
miktar1 (rumende kolay yikima ugrayan kisim) (%)

b: ¢o6ziinmeyen fakat zamanla yikilan kisim (%)

c¢: b’nin yikilma hiz sabiti, (% / saat)

t: Inkubasyon siiresi (saat)

Y: herhangi bir t anindaki rumende pargalanan (yikilan)
kisim(%) gostermektedir.

Daha sonra yemlerin yikilabilirlik 6zellikleri (a, b, c)
asagida belirtilen formiilde yerine konarak her yeme ait
kuru maddenin etkin yikilabilirlikleri (P) tespit
edilmistir.

P=a+()(*)crbc+ (drskovve McDonald, 1979) (5)

P: Rumende etkin yikilabilirlik %

r: Rumen igeriginin rumenden birim zamanda ¢ikis hiz
sabiti (%/saat), (r= 0,02, 0,05 ve 0,08). Rumen igeriginin
rumeni terk etme hizi (r) hayvanin yem tiiketime bagh
olarak degismektedir.

2.6. In vitro Kuru Madde Sindirim Derecesinin
(iVKMSD) Belirlenmesi

Altmis giinliik silolama sonucunda olusan silajlarin kuru
madde sindirim derecesi iki asamali in vitro sindirim

teknigi (Tilley ve Terry, 1963) ile belirlenmistir. Daha
once fistiil takilmis olan ii¢ adet koctan rumen sivisi
alinmistir. Yaklasik olarak 0,5 gram silaj 6rnekleri daha
once hazirlanisi in vitro gaz liretim tekniginde verilen 40
ml tampon soliisyonla karistirtlmis Rumen sivisiyla 38
°C'de 24 saatlik plastik tiipler icerisinde fermentasyona
tabi tutulmustur.

Daha sonra silaj 6rnekleri pepsin iceren soliisyonla 38
°C'de 24 saatlik bir inkiibasyona tabi tutulmustur.

inkiibasyon sonunda kalan &rnekler ~Whatman
kagidindan siizlilerek kuru madde hesaplanmistir.
Yemlerin in vitro kuru madde sindirim derecesi

(IVKMSD) asagidaki formiil kullanilarak hesaplanmistir.
In vitro Kuru madde Sindirim Derecesi (IVKMSD %) =
(Girenkurumadde Girenkurumadde /Kalan kuru madde )
x100.

2.7. Istatistik Analiz

Elde edilen veriler varyans analizine tabi tutulmus ve
ortalamalar  arasindaki farklar ¢oklu
karsilastirma testleri ile belirlenmistir.

Duncan

3. Bulgular ve Tartisma

3.1. Silaj Materyali Olarak Kullamilan Cayirotu ve
Katki Maddesi Olarak Kullanilan Gladigya
Meyvesinin Besin Madde Kompozisyonu

Silaj ham maddesi olarak kullanilan ¢ayirotu ve silaj katki
maddesi olarak kullanilan Gladigya meyvesinin igerigi
Tablo 1'de verilmistir. Cayirotunun kuru madde igerigi
%21,63 iken Gladigya meyvesinin kuru madde igerigi
%93,75 bulunmustur. Ham protein igerikleri kuru madde
bazinda karsilastirildiginda ise ¢ayir otunun ham protein
icerigi %21,86 iken Gladigyanin %8,60 bulunmustur.

Cayirotunun ADF icerigi %30,10 iken Gladigya
meyvesinin ~ ADF  igerigi %26,04 bulunmustur.
Cayirotunun NDF igerigi %42,10 iken Gladigya
meyvesinin  NDF  icerigi %39,07 bulunmustur.

Cayirotunda kondense tanen bulunmazken Gladigya
meyvesinde %6,84 oraninda bulunmustur.

Tablo 1. Cayir otu ve Gladigya meyvesinin besin madde
icerikleri (%)

Yemler Cayir otu Gladigya
Km (%) 21,63 93,75
HK (%KM) 12,60 4,64
HP (%KM) 21,84 8,60
NDF 42,10 39,07
ADF 30,10 26,04
WSC - 15,16

KM= kuru madde, HK= ham kiil, HP= ham protein, ADF= asit
deterjan fiber, NDF=notral deterjan, WSC= suda ¢6ziiniir CHO.

Bu c¢alismada silaj katki maddesi olarak kullanilan
Gladigya meyvesinin kompozisyonu Bruno-Soares ve ark.
(2003)'nin bildirdigi kompozisyon ile uyum icerisindedir.
Bruno-Soares ve ark., (2003) gladicya meyvesinin ham
kil, ham protein, yag, NDF, ADF ve kondense tanen
icerigini sirasiyla % 3,9, 7,0, 1,1, 31,0, 23,1 ve 5,4 olarak
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bildirmistir. Bu ¢alismada kullanilan Gladigya meyvesinin
NDF, ADF ve HP igerigi Bruno-Soares ve ark., (2003)'nin
bildirdigi degerden biraz yiiksek bulunmustur. Diger
taraftan kondense tanen igerigi ise Bruno-Soares ve
ark.,(2003)'nin bildirdigi degere ¢ok yakin bulunmustur.
3.2. Gladicya ilavesinin Cayirotu Silajinin Besin
Madde Kompozisyonuna Etkisi

Altmis giinliik silolama siiresi sonunda elde edilen

silajlarin kompozisyonlarina ait parametreler Tablo 2’de
verilmistir. Katki maddesi olarak kullanilan Gladigya
meyvesi silajlarin  kompozisyonunu o6nemli derecede
etkilemistir. Cayirotu silajlarinin KM icerikleri %21,63 ile
%26,83 arasinda degismis olup Gladigya meyvesinin
kullanim oraninin artmasiyla birlikte ¢ayirotu silajlarinin
KM icerigi 6nemli derecede yiikselmistir.

Tablo 2. Gladigya ilavesinin ¢ayirotu silajinin kompozisyonuna etkisi

Silaj gruplari (Gladigya meyvesi katkisi)

%0 %1,5 %3,0 %4,5 %6,0 SHO 0,s
KM 21,63¢ 22,674 24,58¢ 25,73b 26,832 0,178 ok
Kiil 12,602 11,23b 10,62bec 10,21¢ 10,16¢ 0,370 ok
ADF 31,082 30,24ab 29,86b 28,61c¢ 28,352 0,471 ok
NDF 42,112 40,69ab 38,72ab 37,53 37,922 1,618 o

abeAyni harflere sahip ve ayni satirda yer alan ortalamalar arasinda fark yoktur (P<0.05), SHO= Standart hata ortalamasi, 0S= énem

seviyesi, ***=P < 0.001, **= P<0.01.

KM= kuru madde, ADF= asit deterjan fiber, NDF= nétral deterjan fiber, HP= ham protein.

Bir birim Gladigya meyvesinin katilmasiyla birlikte
cayirotu silajinin KM iceriginde yaklasik olarak 0.896
birimlik artis olmustur. Cayirotu silajinin kuru madde
icerigindeki bu artisin sebebi Gladigya meyvesinin kuru
madde igeriginin taze ¢ayirotundan daha yiiksek oldugu
diistiiniilmektedir.

Bu calismada elde edilen bulgular Kamalak ve ark,
(2009)'nin bulgulari ile uyum igerisindedir. Kamalak ve
ark. (2009)nin yoncayla yaptigi c¢alismada, Gladigya
meyvesinin katilmasiyla birlikte olusan yonca silajlarinin
kuru madde icerigi 6nemli derecede yiikselmistir.
Cayirotu silajlarmin kil igerigi %10,16 ile %12,60
arasinda degismis olup Gladicya meyvesinin kullanim
oraninin artmasiyla birlikte silajlarin kil igerigi 6nemli
derecede diigmiistiir. Bir birim Gladigya meyvesinin
katilmasiyla birlikte kiil igeriginde 0,382 birimlik azalis
meydana gelmistir. Silaj kil icerigindeki bu azalisin
sebebi, Gladigya meyvesinin kiil igeriginin ¢ayirotundan
daha diisiik olmasidir.

Kamalak ve ark., (2009)'nin yoncayla yaptigi ¢calismada,
Gladigya meyvesinin katilmasiyla birlikte olusan yonca
silajlarinin kiil igeriginde 6nemli derecede diisiis oldugu
bildirilmislerdir. Bu baglamda ¢alismamizda elde edilen
bulgular Kamalak ve ark., (2009)'nin bulgular1 ile uyum
icerisindedir.

Cayirotu silajlarinin ADF igerikleri %28,35 ile %31,08
arasinda  degismis olup  Gladigya
kullanilmasiyla birlikte olusan c¢ayirotu silajlarin ADF

meyvesinin

iceriginde dnemli azalmalar meydana gelmistir. Bir birim
Gladicya meyvesinin katilmasiyla birlikte
silajinin ADF igeriginde 0,475 birimlik diisiis meydana
gelmistir. Cayirotu silajimin ADF igerigindeki bu azalisin
sebebi Gladigya meyvesinin ADF igeriginin cayirotundan
daha dusiik olmasidir.

Bu calismada elde edilen bulgular Kamalak ve ark,
(2009)nin  bulgular1 ile uyumlu bulunmamaktadir.
Gladigya meyvesinin yonca otuyla birlikte silolanmasi
sonucu olusan yonca silajinda ADF igeriginin 6nemli

caylirotu

derecede yiikseldigi bildirilmistir. Ciinkii Kamalak ve
ark, (2009)'nin yaptigi calismada kullanilan Gladigcya
meyvesinin ADF icerigi yonca otundan daha yiiksek
bulunmustur. Dolayisiyla katki oranin artmasiyla birlikte
yonca silajinin ADF igerigi yiikselmistir. Oysa bu
calismada kullanilan Gladigya meyvesinin ADF igerigi
cayirotu silajindan daha distktiir ve bundan dolay1
olusan silajlarin ADF igeriklerinin kontrol grubuna gore
daha diisiik oldugu diistintiilmektedir.

Cayirotu silajlarinin NDF icerikleri %37,53 ile %42,11
arasinda degismis olup Gladigya meyvesinin katilmasiyla
birlikte olusan ¢ayirotu silajinin NDF iceriginde 6nemli
distisler meydana gelmistir. Bir birim Gladigya
meyvesinin katilmasiyla birlikte olusan cayirotu silajinin
NDF iceriginde 0,802 birimlik bir azalma meydana
gelmistir. Cayirotu silajinin NDF igerigindeki bu
azalmanin sebebi Gladicya meyvesinin NDF iceriginin
cayirotundan biraz diisiik oldugu distiniilmektedir.

Bu calismada elde edilen bulgular Kamalak ve ark,
(2009)nin  bulgular1 ile uyumlu bulunmamaktadir.
Kamalak ve ark, (2009) yaptuigi c¢alismada, Gladigya
meyvesinin yonca otuyla birlikte silolanmasi sonucu
olusan yonca silajinin NDF igeriginde 6nemli derecede
ylukselisler oldugu bildirilmistir. Clinkii Kamalak ve ark,,
(2009)nin  yaptifi ¢alismada Gladigya
meyvesinin NDF icerigi yonca otundan daha yiiksek
bulunmustur. Dolayisiyla katki oranin artmasiyla birlikte
olusan yonca silajinin NDF icerigi yiikselmistir. Oysa bu

kullanilan

calismada kullanilan Gladigya meyvesinin NDF igerigi
cayirotu silajindan daha diistiktiir ve bundan dolay1
olusan cayirotu silajlarinin NDF igerigi kontrol grubuna
gore daha diisiik bulunmustur.

Cayirotu silajlarinin ham protein icerikleri %16,94 ile
%21,86 arasinda degismis olup, Gladicya meyvesinin
birlikte olusan c¢ayirotu
iceriginde onemli diisiisler meydana gelmistir. Bir birim
Gladigya meyvesinin katilmasiyla birlikte olusan ¢ayirotu
silajlarinin ham protein igeriginde 0,714 birimlik bir

katilmasiyla silajinin  HP
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azalis meydana gelmistir. Cayirotu silajinin ham protein
icerigindeki bu azalmanin sebebi Gladigya meyvesinin
ham protein igeriginin ¢ayirotunun HP igeriginden diisiik
olmasdir.

Bu calismada elde edilen bulgular Kamalak ve ark,
(2009)’'nin bulgular ile uyum icerisindedir. Kamalak ve
ark,, (2009) yaptiklar1 ¢alismada, Gladigya meyvesinin
katki maddesi olarak kullanildigi yonca silajinin HP
icerigini 6nemli derecede diisiirdiigiinii bildirmislerdir.
Cayirotu silajlarinin  Fleig skorlar1 56,00 ile 91,72
arasinda degismistir. Baska bir ifadeyle silajlar orta kalite
ile cok iyi kalite arasinda degismistir. Katkisiz ¢ayirotu
silaji orta kalitede iken Gladigya meyvesinin katilmasiyla
birlikte silaj kalitesi yiikselmistir. Iyi kalite cayirotu silaji
elde etmek icin Gladigya meyvesi %3,0 oraninda ¢ok iyi
kaliteli cayirotu silaji elde etmek icin %4,5 ile %6,0
oraninda Gladigya meyvesi katilmas1 gerekmektedir. Bir
birim Gladigya meyvesinin katilmasiyla birlikte silajlarin
Fleig skorunda 6,43 birimlik artis ortaya ¢ikmistir. Fleig
skorlardaki bu artisin sebebi, Gladicya meyvesinin
caywrotu silajlarimin pH'simi distirmesi ve kuru madde

icerigini yilikseltmesi oldugu diisiiniilmektedir.

Bu calismada elde edilen bulgular Kamalak ve ark,
(2009)'nin bulgulart ile uyum igerisindedir. Kamalak ve
ark, (2009) yoncayla yaptiklar1 ¢alismada, Gladigya
meyvesinin yonca silajlarinin Fleig skorlarini, baska bir
ifadeyle silaj kalitesini 6nemli derecede ytkselttigini
bildirmislerdir.

3.4. Olgiilen silaj pH’s1 ile Olmas1 Gereken pH’nin
karsilastirilmasi

“Olmas1 gereken pH degeri” Meeske (2005) tarafindan
Onerilen bir kavram olup, bu kavrama gore silajlarin pH
degerleri, silajlarin KM igerigiyle yakindan iliskilidir. Yani
bu kavrama gore her silajin KM’sine gore bir pH degerine
sahip olmasi gerektigi vurgulanmaktadir.

Olmasi gereken pH = 0,0359 x KM (g/kg) + 3,44

KM: kuru madde

Bu ¢alismada elde edilen silajlarin “Olmasi gereken pH”
degerleri asagidaki formiile gore belirlenmistir. “Olmasi
gereken pH degerleri” ile ¢alismada elde ettigimiz pH
degerleri Tablo 3’te verilmistir.

Tablo 3. Olciilen pH ile olmasi gereken pH’nin karsilastirilmasi

Silajlar pH OL pH SHO 0s
% 0,0 4,802 4,21b 0,04 Kok
% 1,5 4,62a 4,25b 0,03 *** ok
% 3,0 4,34 4,32 0,01 0D
% 4,5 4,15b 4,362 0,05 Kok
% 6,0 4,17b 4,40a 0,02 ok

abAym simgeye sahip ve ayni satirda yer alan ortalamalar arasinda fark yoktur (P<0.05), SHO= standart hata ortalamasi, 0S= énem

seviyesi, ***= P < 0.001, OD= 6nemli degil.
OL pH= olmasi gereken pH.

Kamalak ve ark, (2009) yaptiklar1 calismada yonca
silajinin giivenli bir sekilde silolanmasi i¢in en az %4,5
oraninda Gladigya katilmasi gerektigi vurgulanmistir.
Oysa bu calismada g¢ayirotunun gilivenli bir sekilde
silolanmasi i¢in %3,0 Gladigya meyvesinin yeterli olacag:
bulunmustur. Bu farkhligin sebebi, kullanilan silaj
materyalinin suda eriyen karbonhidrat igeriginden
kaynaklandigi disiiniilmektedir. Clinki silaj pH’sindan
sorumlu en Onemli asit olan laktik asit, suda eriyen
karbonhidratlardan faydalanilarak laktik asit bakterileri
tarafindan sentezlenmektedir. Genel olarak yonca suda
¢ozlinebilir karbonhidrat bakimindan ¢ayirotundan daha
fakirdir. Ayrica yoncanin tamponlama Kkapasitesi
cayirotundan daha ytksektir. Bu iki nedenden dolay1
yonca istenilen pH’ya ulagmak i¢in daha fazla Gladigya
meyvesine ihtiya¢ duymaktadir.

Bu ¢alismada kullanilan Gladigya meyvesi ilk kez yonca
silaji yapiminda katki maddesi olarak Kamalak ve ark.
(2009) tarafindan kullanilmis ve bu c¢alismayl
karsilastirllacak  benzer c¢alismaya rastlanmamistir.
Bundan dolay;, bu c¢alismada elde edilen bulgular
Kamalak ve ark., (2009)'nin bulgulariyla karsilastirilmak
zorunda kalinmistir. Bu ylizden Gladigya meyvesinin silaj
katki maddesi olarak kullanilmasini amaglayan bilimsel
¢alismalara daha fazla ihtiya¢ duyuldugu asikardir.

3.5. Gladigya ilavesinin Cayirotu Silajlarimin In vitro
Fermentasyonuna, Metabolik Enerji ve In vitro
Organik Madde Sindirim Derecesine Etkisi

Degisik oranlarda Gladigya meyvesinin katilmasiyla
olusan cayirotu silajlart in vitro gaz lretim teknigi
kullanilarak fermentasyona tabi tutulmustur. Gladigya
meyvesinin katki oraninin artmasiyla birlikte gaz tiretimi
artmistir. Ug ve alti saatlik inkiibasyon sonucunda
kontrol ve %1,5 katkili ¢ayirotu silajlarinin gaz iiretimleri
diger caywrotu silaj gruplarindan daha disiik
ragmen diger bitiin inkiibasyon
zamanlarinda Gladigya katkil silajlarda kontrol grubuna

bulunmasina

nazaran daha fazla gaz liretimi elde edilmistir.

Zamana bagli gaz liretim degerleri Fig Paket programinda
y= a+b(1-exp-ct) fonksiyonuna fit edilerek elde edilen
gaz Uretim kinetikleri Tablo 4’te verilmistir.

Gladigya katki maddesi gaz liretim hizina (c) ve kolay
fermente olan kisimdan elde edilen gaz iiretimine (a)
etkisi olmamasina ragmen, yavas fermente olabilen
kisimdan elde edilen gaz tiretimini (b) 6énemli derecede
etkilemistir. Yavas fermente olabilen kisimdan {iretilen
gaz en yliksek %6,0 oraninda Gladigya katki maddesi
kullanilan ¢ayirotu silajindan elde edilmistir.
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Tablo 4. Gladigya ilavesinin gaz iiretim kinetigi, OMSD ve ME icerigine etkisi

Silaj Gruplari (Gladigya Meyvesi Katkis1)

Parametre %0,0 %1,5 %3,0
C 0,074 0,077 0,076
a 1,65 1,53 1,75
b 58,18¢ 61,864 63,91¢
OMSD 67,644 69,65¢ 71,82b
ME 9,814 10,14¢ 10,48b
KMSD 59,30d 62,49¢ 64,19bc

%4,5 %6 SHO 0s
0,076 0,080 0,002 OD
2,01 1,72 0,341 0D
67,08b 70,472 0,469 Horck
72,97b 75,672 0,582 ok
10,67 11,112 0,087 ok
66,52b 71,332 0,799 ok

Ayni harflere sahip ve aym satirda yer alan ortalamalar arasinda fark yoktur (P<0.05), SHO= standart hata ortalamasi, 0S= énem

seviyesi, , ***= P < 0.001, **= P<0.01, OD= 6nemli degil.

c= gaz lretim hizi, a =hizli pargalanan kisimdan fliretilen gaz miktari, b= yavas parg¢alanan kisimdan iiretilen gaz miktari, OMSD=
organik madde sindirim derecesi (%), ME= metabolik enerji igerigi (Mj/kg kuru madde), KMSD= kuru madde sindirim derecesi (%).

Bir birim Gladigya meyvesinin katilmasiyla birlikte yavas
fermente olan kisimdan iiretilen gaz miktarinda 1,987
birimlik bir artis meydana gelmistir. Bir birim Gladigya
meyvesinin katilmasiyla birlikte kuru madde sindirim
derecesinde 1,291 birimlik bir artis meydana gelmistir.
Bir birim Gladigya meyvesinin katilmasiyla birlikte
metabolik enerji (ME) igeriginde 0,207 birimlik bir artis
meydana gelmistir. Bir birim Gladigya meyvesinin
katilmasiyla birlikte kuru madde sindirim derecesinde
1,871 birimlik bir artis meydana gelmistir.

Calismamizda elde edilen bulgular Kamalak ve ark,
(2009)nin yoncayla yaptigi calismada elde ettikleri
bulgularla uyum igerisindedir. Gladigya katki maddesi
gaz Uretim hizini etkilemezken hem kolay hem de yavas
parcalan kisimdan iretilen gaz miktarim artirmistir.
Ciinkli silaj katki maddesi olarak kullanilan Gladigya
meyvesi onemli miktarda fermente olabilecek 6zellikte
suda ¢oziinebilir karbonhidrat kaynagidir. Dolayisiyla
katki maddesinin artmasiyla birlikte fermentasyon
sonucunda daha fazla gaz liretilmistir.

Gladigya meyvesinin ¢ayirotu silaji ile birlikte silolanmasi
sonucu olusan silajlarin OMSD ve ME degerleri kontrol
grubuna gore daha ytliksek bulunmasinin sebebi Gladigya
meyvesinin mikroorganizmalara
faydalanabilecekleri besin maddeleri saglamasidir. Katki

rumendeki

oraninin artmasiyla birlikte fermentasyon sonucunda
daha fazla gaz iiretimi olmustur.

Gladigya meyvesinin protein igerigi agisindan ¢ayirotuna
gore diisiik olmasindan dolayr Gladicya meyvesinin
katilma oranina baglh olarak olusan silajin protein igerigi

distiigii daha once bildirilmisti. Buna ragmen HP ve 24
saatlik gaz miktar: kullanilarak hesaplanan OMSD ve ME

degerleri kontrol grubuna goére daha yiiksek
bulunmustur. Yani proteinin, enerji ve sindirim
derecesine katki payindaki azalma {lretilen gaz

miktarindaki artis ile telafi edilmistir. Hatta yiiksek gaz
iretimi OMSD ve ME degerlerinin daha da yiikselmesine
sebep olmustur.

3.6. Gladicya Meyvesinin Cayirotu Silajlarimin in Situ
Kuru Madde Parcalana Bilirligine (KMP) Etkisi
Degisik oranlarda Gladigya meyvesinin katilmasiyla
olusan c¢ayirotu silajlar1 naylon torba teknigi kullanilarak
rumende inkiibasyona birakilmis ve torbalarda meydana
gelen zamana bagl ortalama kuru madde kayiplari
belirlenmistir.  Inkubasyonun erken saatlerindeki
cayirotu silajlarinda kuru madde kayiplar1 birbirine
yakin olurken 24 saatlik inkubasyondan
olctimlerde kontrol grubu ile %1,5 Gladigya katki
maddesi kullanilan c¢ayirotu silaji bir grubu, digerleri ise
diger grubu olusturmaktadir. Diger bir ifadeyle, %3 ve
daha fazla Gladigya katki maddesi kullanarak elde edilen

sonraki

cayirotu silajinda kuru madde kayiplari azalmistir.

Zamana bagh kuru madde kayiplarinin Fig Paket
programinda y= a+b(1-exp-ct) fonksiyonuna fit edilerek
elde edilen yikilabilirlik 6zellikleri Tablo 5’de verilmistir.
Gladigya katki maddesi, kolay parcalanan kuru madde (a)
miktarina etki etmesine ragmen, yavas parcalanan kuru
madde miktar1 (b) ve bunun parcalanma hizina (c) etki

etmemistir.

Tablo 5. Gladicya ilavesinin ¢ayirotu silajinin rumende KMP’ne etkisi

Silaj Gruplar (Gladigya Meyvesi Katkisi)

Parametre %0,0 %1,5 %3,0
C 0,036 0,054 0,038
a 37,642 34,90ab 35,29ab
b 49,57 49,23 46,23
KMP1 69,642 70,132 63,49
KMP2 58,57ab 59,902 53,67b
KMP3 53,19ab 54,362 49,03b

%4,5 %6 SHO 0s
0,048 0,044 0,012 0D
34,2442b 32,88 1,361 *

38,80 47,09 4,799 0D
61,36 64,992b 1,615 ok
53,02b 54,68ab 1,692 ok
48,63b 49,40ab 1,613 ok

Ayni harflere sahip ve aym satirda yer alan ortalamalar arasinda fark yoktur (P<0.05), SHO= standart hata ortalamasi, OD= énemli

degil, * P<0.05, **= P<0.01, **=P < 0.001.

c= b’nin fermente olma hiz1 (%), a= kolay parcalan veya fermente olan kisim, b= yavas fermente olan kisim, KMP1= kuru maddenin
etkin yikilabilirlik derecesi (%)(r: 0,02), KMP2= kuru maddenin etkin yikilabilirlik derecesi (%) (r: 0,05), KMP3= kuru maddenin etkin

yikilabilirlik derecesi (%) (r: 0,08).
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4. Sonug¢

Bu c¢alismada elde edilen bulgular, daha o6nce sadece
yonca silaji yapiminda katki maddesi olarak kullanilan,
suda ¢oziinebilir karbonhidrat ve tanen bakimdan
zengin, tamamen organik Gladigya meyvesinin kurutulup,
ogutiilerek daha Kkaliteli ¢ayir silaji elde etmek icin de
kullanilabilecegini, ekonomiye katma deger saglayacagini
destekler niteliktedir. Calismamizda bahse konu olan
Gladigya katki maddesinin Cayirotu
kullanilan etkin dozu %3 olarak degerlendirilmistir. Silaj
NH3 degerlerinden yola ¢ikarak hedeflenen “proteolizisi

silolamasinda

onleme” amacina ulasildigr goriilmektedir. Bu yiizden,
Gladigya’nin gelecekte yapilacak
calismalarina dahil edilmesi ve oncelik verilmesi,
agaclandirma yapilacak olan bélge halki ve Tiirkiye
ekonomisi i¢cin yeni bir katma deger olusturacagini
soylemek miimkiindiir. Gelecekte
calismalarda, Gladigya katkili silajlarin in vivo sindirim
derecesi, yem tiiketimi, hayvansal iiretime olan etkisinin

agaclandirma

yapilacak olan

belirlenmesine 6ncelik verilmelidir.
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Ozet: Nanoteknoloji, bilimin tiim alanlarinda uygulanan umut verici teknolojilerden biri haline gelmistir. Biyoteknolojik olarak
uretilen metalik nanopartikiilller (NP), biyomedikal ve fizyokimyasal alanlardaki kapsamli uygulamalar1 nedeniyle bilimsel uygulama
ve teknoloji platformlarinda ilgi gérmektedir. Son yillarda sentetik ilaglarin kullanimi sonucu meydana gelen yan etkiler ve bunlarin
yol actig1 medikal ve ekonomik sorunlar tedavilerde bitki kullanimini tekrar popiiler hale getirmistir. Bitkilerden degisik yontemlerle
elde edilen bitki ekstraktlari ile 100 nm’den daha kiigiik boyutta, ekolojik, toksik olmayan metal esash (altin, giimiis, palladyum,
mangan, ¢inko gibi) NP’ler sentezlenebilmektedir. NP’lerin boyutlar1 ve sekilleri degistikce partikiillerin fiziksel, kimyasal, biyoaktif,
optik, elektriksel, katalitik ve toksisite 6zellikleri de degismektedir. Yesil sentez olarak da bilinen biyolojik sentez; yliksek basinca,
yiiksek sicaklik degerlerine ve toksik kimyasallara gerek duyulmadan NP’lerin kolay ve ekolojik olarak elde edilmesinde kullanilan
pratik yontemdir. NP’lerin yesil sentezi bakteri, mantar, maya, viriis, mikroalg ve bitki biyokiitlesi/6zii gibi farkli biyomateryaller
kullanilarak gerceklestirilmektedir. Metalik NP’lerin bitki aracili biyosentezi, bitkide bulunan organik fonksiyonel gruplar iceren
biyomolekiiller (proteinler, vitaminler, amino asitler, enzimler, polisakkaritler, sitratlar, organik asitler gibi) aracihigiyla gerceklesir.
Medikal alanlarda NP’lerin artan uygulamasi, NP’lerin biyolojik etkilesimlerinin mekanizmalarinin ve potansiyel toksisitelerinin daha
iyi anlasilmasini gerekli kilmaktadir. Bu derlemede, fiziksel, kimyasal ve yesil sentez dahil NP’lerin sentez yollar1 agiklanmaktadir.
Ayrica literatiirde giincel ¢alismalarda verilen partikiil karakterizasyonu yontemleri ve partikiillerin antibakteriyel, antifungal ve
antiviral aktivite gibi 6zellikleri ayrintili olarak tartisiimaktadir.

Anahtar kelimeler: Nanopartikiil, Yesil sentez, Nanopartikiillerin etki mekanizmalari, Biyoaktif 6zellikler

Bioactive Nanoparticles Synthesized By Green Method

Abstract: Nanotechnology has become one of the promising technologies applied in all fields of science. Biotechnologically produced
metallic nanoparticles (NP) attract attention in scientific application and technology platforms due to their extensive in applications
biomedical and physicochemical fields. In recent years, the side effects caused by the use of synthetic drugs the medical and economic
problems caused by them have made the use of plants in the treatment popular again. Non-toxic, ecological, metal-based and size of
less than 100 nm NPs (such as gold, silver, palladium, manganese, zinc) using obtained plant extracts from plants by different methods
can be synthesized. As the size and shape of the NPs change, the physical, chemical, bioactive, optical, electrical, catalytic and toxicity
properties of the particles also change. Biological synthesis, also known as green synthesis; It is the preferred practical method for
obtaining NPs easily and ecologically without the need for high pressure, high temperatures values and toxic chemicals. Green
synthesis of NPs is performed using different biomaterials such as bacteria, fungi, yeast, viruses, microalgae and plant biomass/extract.
Plant-mediated biosynthesis of metallic NPs occurs through biomolecules (such as proteins, vitamins, amino acids, enzymes, organic
acids, polysaccharides and citrates) containing organic functional groups in the plant. Increasing application of NPs in medical fields
requires a better understanding of the mechanisms of biological interactions and potential toxicities of their. In this review, synthesis
ways of NPs including physical, chemical and green synthesis are explained. In addition, the particle characterization methods given in
current studies in the literature and the properties of particles such as antibacterial, antifungal and antiviral activity are discussed in
detail.
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1. Giris teknolojik ilerlemeler ve ileri diizeydeki arastirmalarin

Nanoteknoloji; fizik, kimya, biyoloji, cevre, malzeme destegiyle kilit disiplinlerden biri olarak ortaya ¢ikmistir

bilimi, tip ve eczacihk gibi cesitli bilim alanlarindaki (Ciftgi ve ark, 2019). Nanoteknoloji, madde boyutunun 1-
100 nm aralifina diisecek sekilde manipiile edilmesi ve
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kontrol edilmesi olarak tanimlanabilir (Ahmed ve ark,
2017). Nanoteknoloji kavrami ilk olarak Richard
Feynman tarafindan 1959'da diizenlenen American
Physical Society'nin (APS) toplantisinda tanitilmistir
(Feynman, 1959). "Nano" terimi, ciice anlamina gelen
Yunanca nanos kelimesinden tiiretilmistir ve tek bir
yonde diizenlenmis ii¢ atomun uzunluguna esit olan
metrenin milyarda birini ifade etmektedir (Thakkar ve
ark., 2010). Nanoteknolojinin temelini olusturan NP’ler,
belirli boyutlari, sekilleri, bilesimleri, daha biiyiik yiizey
alani/hacim oranlar1 ve tek tek bilesenlerin saflig
nedeniyle dikkat cekici 6zelliklere sahiptir (Jacob ve ark.,
2017; Khan ve ark, 2019). NP’lerin kazandiklar1 bu
asamasinda farkli
yontemlerden  kaynaklanmaktadir. Bu  ozellikler;
antimikrobiyal, antikanser, antienflamatuar, ytizey aktif,
ilag tasiyic1 ve farmakolojik triinlerin hazirlanmasina
olanak saglamistir.
kimyasal sentez yontemleri olduk¢a pahali olmakla
birlikte toksik yan olusmasina
olmaktadir. Yesil yontem ise daha uygun maliyetlidir,
sentezlenmesi kolaydir, cevreye olan kimyasal yiiki
azaltir ve sentez sirasinda gereksiz islemleri ortadan
kaldirir (Kumari ve ark., 2019). Biyolojik materyallerden
tiretilen NP’ler, biyojenik NP’ler olarak bilinir ve ilgili

ozellikler  sentez kullanilan

NP’lerin sentezinde fiziksel ve

driinlerin neden

sentez siireci, yesil sentez olarak adlandirihr. NP’lerin
yesil sentezi, prokaryotik/6karyotik hiicrelerin veya
indirgeme ajanlar1 olarak gorev yapan ekstrakte edilmis
biyomolekiillerin icermektedir
(Jeevanandam ve ark., 2016). Bitki biyokiitlesi/oziitd,
cesitli biyolojik malzemelerden, NP sentezinde diger
mikroskobik organizmalara gore ¢esitli inert avantajlara
sahiptir. Metalik NP’lerin bitki aracili biyosentezi, bitki
biyokiitlesinde bulunan ve organik fonksiyonel gruplari

kullanilmasini

iceren biyomolekiiller araciligiyla gergeklesir (Iravani,
2011). Sentez yonteminin yani sira kullanilan teknikler
NP’lerin nano 6lgekli aralikta olmasini saglayan onemli
bir unsurdur. Ayrica, sicaklik, pH, indirgeyici ajanlarin
konsantrasyonu, metal iyon konsantrasyonu, etkilesim
siiresi, basing gibi ¢evresel faktorler de sentezde anahtar
rol oynamaktadir (Rana ve ark., 2020).

Bu derlemede, fiziksel, kimyasal ve yesil sentez dahil
NP’lerin sentez yontemleri agiklanmaktadir. Ayrica
partikil karakterizasyonu yoéntemleri ve partikiillerin
antibakteriyel, antifungal ve antiviral aktivite gibi
ozellikleri ayrintil olarak tartisilmaktadir.

2. Nanopartikiilller

“Nanopartikiil” terimi, nano arastirmalarda yapi taslari
olarak kullanilan ve 100 nm’ den daha kii¢iik boyuttaki
maddeleri tanimlamak i¢in kullaniir (Manivasagan ve
ark, 2016). NP’ler kiiciik boyutlarl, c¢ok miktarda
baglanma alani iceren biiylik ylizey alanlari, elektronik
yapl, ara yiizey reaktivitesi gibi belirgin seviyede farkh
fizikokimyasal ve morfolojik sahiptir
(Bogunia-Kubik ve Sugisaka, 2016). NP’lerin boyutlar1 ve
sekilleri degistikce partikiillerin fiziksel, kimyasal, optik,
elektriksel, 1s1l, Kkatalitik, biyoaktivite ve toksisite

ozelliklere

ozellikleri de degismektedir. Partikiil biiyiimesini
onleyebilmek icin ayirici ajanlar kullanilarak istenilen
boyutta NP’ler {retilebilmektedir. Bunlara ek olarak;
cesitli partikiillerden meydana gelen NP’ler tek bir cesit
partikiilden olusan NP’lere gore farkh katalitik, manyetik,
optik ozelliklere sahip olabilmektedir (He ve Shi, 2012;
Shin ve ark, 2015). NP atomlarimin yaklasik %40-
50’sinin  yiizeyde olmasindan dolay1 reaktivitesi
ylksektir (Sneed ve ark. 2015). Bu o6zellikler NP’lerin
diger malzemelere oranla dnemini artirmaktadir.

2.1. Nanopartikiillerin Sentezi
NP’ler fiziksel, kimyasal ve
kullanilarak iiretilebilmektedir.
2.1.1. Fiziksel yontemler
Metalik NP’lerin sentezine yonelik fiziksel yontemler
arasinda buharlasma-yogunlasma,
elektroliz, diflizyon, plazma arki, piiskiirtme biriktirme,
piroliz ve yiiksek enerjili bilyali 6giitme yer almaktadir
(Iravani ve ark, 2014). Buharlasma-yogunlastirma
genellikle atmosferik basingta bir tip firin kullanilarak

biyolojik  teknikler

lazer ablasyonu,

gerceklestirilir fakat bu yontemin bazi dezavantajlari
vardir; 6rnegin, tlip firin biiylik bir yer kaplar, kaynak
malzeme etrafindaki ortam sicakligini yiikseltirken
biiyiitk miktarda enerji tiikketir ve termal stabiliteye
ulasmak i¢in ¢ok zaman gerektirir (Korbekandi ve ark,
2015). Lazer ablasyon yontemi, tipik olarak, cesitli
coziiciler icinde koloidal NP’ler {retmek igin
tasarlanmistir. Lazer ablasyon islemi, vakum altinda ve
bazi inert gazlarin varhginda haznede gerceklesir
(Khodashenas ve Ghorbani, 2014). Bu teknigin diger
metal kolloid liretim ydntemlerine kiyasla onemli bir
avantaji, soliisyonlarda kimyasal
bulunmamasidir (Iravani ve ark., 2014). Yiiksek enerjili
bilyeli frezelemede, makro veya Olcekli

reaktiflerin

mikro
malzemeleri kimyasal degisiklik olmadan nano kristal
yapilara indirgemek icin yiiksek darbeli carpismalar
kullanilir. NP’lerin sentezi i¢in sprey piroliz alaninda
onemli kaydedilmistir ~ ve cesitli
arastirmacilar, farkli bilesimler, sekiller ve boyutlarda

ilerlemeler

partikiillerin
gostermistir
dezavantajlari, yogun enerji kullanimi ve maliyetli vakum
sistemleri veya ekipmani gerektirmeleridir.

2.1.2. Kimyasal yontemler

iretilmesindeki ¢ok  yonliligini
(Lines, 2008). Fiziksel yontemlerin genel

NP’lerin sentezine yonelik kimyasal yontemler arasinda;
kimyasal indirgeme, mikro emiilsiyon, elektrokimyasal
ve termal ayrisma yer alir. Inorganik ve organik ajanlar
ile gerceklestirilen kimyasal indirgemede ekipman
kullaniminin kolayligit nedeniyle metal partikiillerin
sentezinde yaygin olarak tercih edilen ydntemlerden
biridir. Sodyum, borohidrid (NaBH4) (Kim ve ark., 2007),
potasyum bitartarat (KCs4Hs0s) (Tan ve ark, 2003),
polietilen  glikol  (CH30(CH2CH20)s, 1H),
trisodyum sitrat dihidrat (Rivas ve ark., 2001), askorbat
(Iravani ve ark, 2014) ve elementel hidrojen bu
yontemde yaygin kullanilan indirgeyici ajanlardir. Bu
kimyasal maddeler metalik iyonlar1 indirger ve metalik
NP’lerin olusumuna sebep olur. Brust ve ark. (1994),

metoksi
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organik ¢oziicii icinde dagilmasi ve saf tozlar olarak
yeniden ayristirilmasi kolay olan monodispartikiiller
tretmek icin indirgeyici ajan olarak sodyum borhidriir
kullanarak altin NP’leri (AuNP) sentezlemistir (Brust ve
ark, 1994). Mikro emilsiyon yontemi ise, boyut,
morfoloji, geometri, homojenlik ve yiizey alani gibi
parc¢acik ozelliklerinin kontroliinii saglayan ¢ok yonli ve
tekrarlanabilir bir tekniktir (Ganguli ve ark, 2008;
Martinez-Rodriguez ve ark., 2014). Elektrokimyasal
sentez yonteminde, bir elektrolit icindeki anot ve katot
olarak adlandirilan iki veya daha fazla elektrot arasinda
elektrik akimi gecirme islemidir. Bu teknikte, anot
elektrolit igindeki metal iyon tiirlerine oksitlenebilir ve
metal iyonu daha sonra stabilizatér destegiyle katot
tarafindan metale indirgenir. Sentez elektrot-elektrolit
ara yiizeyinde meydana gelmektedir (Ramimoghadam ve
ark, 2014). Partikiil biyikligini kontrol etmek icin,
elektrik akimi ve voltaj beslemesinin yogunlugu
degistirilebilir (Sharma ve ark, 2018). Bu metodla
tiretilen NP’ler boyut kontroliiniin iyi olmasi nedeniyle
uniform bir boyut dagilimina ve ytiksek safliga sahip
olmakla birlikte, basit, ucuz, ¢evre dostu ve maliyet
uygundur  (Starowicz ve ark, 2011;
Ramimoghadam ve ark., 2014; Kefeni ve ark, 2017).
Rodriguez-Sanchez ve ark. (2000) 2 ila 7 nm arasinda

olarak

degisen giimlis NP’lerini (AgNP) hazirlamak icin metal
bir anodun aprotik bir ¢o6ziicii icinde ¢6ziinmesine
dayanan  elektrokimyasal prosediir  kullanmistir.
Arastirmacilar ayrica, akim yogunlugunu degistirerek
farkl Ag pargacik boyutlarinin elde edilmesinin miimkiin
oldugunu gostermislerdir (Rodriguez-Sanchez ve ark,
2000). Ma ve ark. (2004), elektrokimyasal yontemle sulu
bir ¢ozelti icinde dar boyut dagilimlarina sahip kiiresel
AgNP (10-20 nm) sentezlemislerdir (Ma ve ark., 2004).
Kimyasal sentez yolunun ¢esitli faydalari olmasina
ragmen, yiiksek miktarda
maddeler ve diger kimyasallarin
sentezlenmis NP’lerin biyoaktif uygulama alanlarini
sinirlamaktadir (Narayanan ve Sakthivel, 2010). Bu

coziiciiller, ylizey aktif

kullanilmasi

nedenle, bazi arastirmacilar NP sentezi icin temiz,
biyouyumlu, toksik olmayan ve ¢evre dostu yontemler
gelistirmeye c¢alismistir (Dauthal ve Mukhopadhyay,
2016).

3. Yesil Yontem (Biyosentez)

NP’lerin yesil sentezi bakteri (Hulkoti ve Taranath,
2014), mantar, maya (Moghaddam ve ark., 2015), viriis
(Dujardin ve ark., 2003), mikroalg (Schrofel ve ark,
2011) ve bitki biyokiitlesi/6zli (Mittal ve ark. 2013)_gibi
farkl biyomateryaller
gerceklestirilmektedir. Bu cesitli  biyolojik
organizmalarin kullanimi, artan basarilar1 ve sentez
asamasindaki kolayliklar nedeniyle hizla gelismektedir.
Yesil yontem sayesinde farkli sekil, boyut, igerik ve
fizikokimyasal sahip NP’ler
sentezlenebilmektedir. Bitkiler ve mikroorganizmalarda
bulunan proteinler, enzimler, fenolik bilesikler, aminler,
alkaloidler ve pigmentler gibi molekiiller, indirgeme

kullanilarak
alanda

ozelliklere

yaparak tek adimda NP {iretimini gerceklestirmektedir
(Karnani ve Chowdhary, 2013; Shah ve ark, 2015;
Parveen ve ark,, 2016).
Mikroorganizmalar toksik kimyasallar ve zor kosullar
olmaksizin ortam sgsartlarinda NP’leri sentezleme
yetenegine sahiptir. Bu yolla olusan NP’lerin 6zellikleri
sentezlenmis  NP’lere
mikroorganizmalar
enzim

olarak
benzemekte ve

kimyasal oldukca
sentezini
biyoekstraksiyon ve aracill  minerallerin
indirgenmesi ile gercgeklestirmektedir (Béduerlein, 2003).
Biyolojik indirgenmede proteinler, karbonhidratlar ve
biyomembranlar rol almaktadir. Mikroorganizmalardaki
rediiktazlar, 6rnegin siilfat rediiktaz NP’lerin sentezinde
bircok biyolojik indirgeme siirecinde o6nemli islevler
ustlenmektedir (Han ve ark, 2007). Diger dogal
kaynaklarla kiyaslandiginda bakteriler yesil sentez igin
nispeten kolay sekilde manipiile edilmelerinden dolay:
genis bir aragtirma alanina sahiptir. Bir¢ok bakteri, oda
sicakliginda ve  hafif kiltiir sartlarinda ¢esitli
morfolojilere sahip NP’ler iiretme potansiyeline sahiptir
(Thakkar ve ark, 2010). NP’lerin olustuklari yerler
bakterilerin indirgeyici tiirlerine gore degisiklik gosterir.
Hiicrenin icinde veya hiicre duvarinda bulunan
indirgeyici enzimler veya fonksiyonel gruplar hiicre igi
olusumda yer almaktadir. Bundan dolay1 olusturulan
NP’ler sinirh alandadir ve bazen hiicreden g¢ikarilmasi
zordur. NP'ler ekstraseliiler olarak, genellikle indirgeyici
enzimler ¢6ziicli ortamda ¢6ziindiigiinde veya bakteriler
enzimlerini hiicre disina saldiginda meydana gelirler
(Nath ve Banerjee, 2013). Husseiny ve ark. (2007),
Pseudomonas aeruginosa kullanarak AuNP’lerin hiicre
dis1 sentezini incelemistir (Husseiny ve ark., 2007). Ote
yandan Kalimuthu ve ark. (2008) belediye atik suyundan
izole edilen Bacillus licheniformis kullanilarak yaklasik 50
nm boyutunda AgNP’leri sentezlemistir (Kalimuthu ve
ark., 2008). Nair ve Pradeep (2002), ayran iginde
laktik asit bakteri
iyonlarinin reaksiyonu ile Au, Ag nanokristallerini ve
bunlarin alagimlarini sentezlemistir (Nair ve Pradeep,
2002). Olii/inaktif bakteriyel biyokiitlelerin bile, hiicre

duvarindaki belirli organik fonksiyonel gruplarin varhgi

bulunan hiicrelerindeki metal

nedeniyle metal iyonlarini NP’lere indirgeme potansiyeli
gosterdigi bilinmektedir (Sneha ve ark., 2010).

Diger yesil yontemlerde oldugu gibi alg ile NP tiretimi de
cevre dostu uygulamalardandir. Alglerin zor gevresel
sartlara dayanikli olmalar1 ve NP sentezinde rediikleyici
ajan olan fenolik bilesikler ve organik maddeleri
biinyelerinde bulundurmalar1 nedeniyle uygulamalarda
onemli yere sahiptirler (Khan ve ark. 2019). NP’lerin alg
aracili sentezi; alg 0zili, metal oncli ¢ozeltisi ve alg
Oziitlinlin metal 6ncii ¢ozeltisi ile inkiibe edilmesini icerir
(Sharma ve ark., 2016). Siv1 alg 6ziiniin metal 6ncii
cozeltisi ile karnistirilmasiyla reaksiyon baslatilir.
Karisiminin renk degisimi, reaksiyonun baslamasinin
tipik bir gostergesidir, ardindan partikiiller bir araya
gelerek NP biiylimesi meydana gelir, boylece farkli boyut
ve sekilde termodinamik olarak kararli NP'ler olusur
(Prasad ve ark., 2016; Fawcett ve ark., 2017).
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Literatiir, mikroalglerin son yillarda AgNP’lerin
biyosentezi icin yaygin olarak kullanildigini ortaya
koymaktadir. Bao ve ark. (2018),
oleoabundans'in sulu ekstraktini kullanilarak AgNP'lerin
bildirmislerdir (Bao ve ark, 2018).
Kusumaningrum ve ark. (2018), Chlorella pyrenoidosa
kullanilarak antimikrobiyal AgNP'leri sentezlemislerdir
(Kusumaningrum ve ark., 2018). Yapilan ¢alismalarda
mikroalgler tarafindan sentezlenen AgNP'lerin, tarimsal
uygulamalarda patojenleri kontrol etmede etkili
olduklari belirtilmektedir (Terra ve ark., 2019).

Mantarlarla NP iiretimi intraselliiler veya ekstraselliiler
olabilmektedir (Yadav ve ark, 2015). Ekstraseliiler yol
intraselliiler yolla karsilastirildiginda ¢ok hizhidir, ancak
ekstraseliiler yolla daha biiyik boyutta NP’ler
sentezlenebilir (Narayanan ve Sakthivel, 2010). Yadav ve
ark. (2015), boyuttaki bu farkhiligin muhtemelen mantar
icindeki pargaciklarin cekirdeklenmesinden
kaynaklanabilecegini bildirmistir (Yadav ve ark., 2015).

Funguslarin kolay tiretilmeleri, biyokiitle olusturmalari,

Neochloris

biyosentezini

iretim siirecinde ekstraselliiler enzimleri hiicre disina
salmalar1 ve biiylik olgekli liretimlerinin kolay olmasi
onemli avantajlari arasinda yer alir (Khan ve ark., 2018).
Intraseliiler iiretimde NP’ler hiicre icerisinde olusurken,
ekstraselliler tliretimde silipernatan veya filtrat
kullanilmas1 ile hiicrenin dis yiizeyinde olusur. Isin
dogasindan intraselliiler olarak iretilen NP’leri elde
etmek daha zordur (Singh ve ark, 2016). Bu da
ekstraselliller  uygulamalara ayr1  bir  avantaj
saglamaktadir. Bhardwaj ve ark. (2018), Pleurotus
citrinopileatus (sar1 istiridye mantar1) kullanarak,
antibakteriyel aktiviteye sahip yaklastk 7 nm
boyutundaki kiiresel AgNP'leri sentezlemisler (Bhardwaj
ve ark, 2018). Bagka bir ¢alismada da Ismail ve ark,
(2015), Pleurotus Ostreatus kullanarak hiicre disi
Uretimle kiiresel, 17.5 nm boyutunda antikanser
aktiviteye sahip NP basariyla
gerceklestirmisler (Ismail ve ark., 2015).
Aktinomisellerden metal NP’lerin biyojenik sentezi ve

sentezinini

bunlarin biyomedikal ve terapétik uygulamalar:
hakkinda c¢alismalarda mevcuttur (Golinska ve ark,
2014). Aktinomiseller kiiltiiriinde hiicre duvari ve hiicre
zarindan salgilanan enzimler glimiis ve altin iyonlarinin
azalmasina, proteinler ise NP olusumunun
stabilizasyonuna yardimci olur (Sukanya ve ark., 2013).

NP’lerin biyosentezinde kullanilan biyomateryallerden
bitki biyokiitlesi/dziitlerinin kullanimi daha giivenilir ve
cevre dostu bir yontem olarak kabul edilmistir. Bitki
aracili biyosentez diger biyomateryallere gore; giivenli
kullanim, uygun maliyet, basit siirec, hiicre kiiltiirlerinin
ayrintil bakiminin ortadan kaldirilmasi, hizli sentez,
cevreye duyarli, daha kararli NP’ler, NP boyutu ve sekli
lizerinde daha iyi kontrol ve biiyiik 6lgekli sentez igin
daha uygun olmasi gibi avantajlara sahiptir (Shankar ve
ark., 2004). Fitonanoteknolojinin biyouyumlu olmasi ve
¢Oziici olarak su kullanilmasi, sentezlenen NP’lerin
toksik olmayan bir yapiya sahip olmasini saglayarak
biyomedikal ve c¢evre

alanindaki kullanimini

arttirmaktadir (Singh ve ark, 2016). NP sentezi icin
govde, yaprak, cicek, meyve, kok, lateks, tohum ve tohum
kabugu gibi farkl bitki parcalari kullanilabilir. Fakat bitki
ekstraktlarini gerceklestirilen
islemlerinin, mikrobiyal siireclere veya tiim bitkinin

kullanarak sentez
kullanilmasina dayali yontemlere kiyasla daha kolay ve
daha az
olusturmaktadir (Beattie ve Haverkamp, 2011). Bhati-
Kushwaha ve Malik (2013), AgNP biyosentezi icin
Verbesina encelioides'in yaprak ve govde 0Ozlerini
hazirlayarak, her iki oOziitiin de NP’leri basariyla
sentezledigini dogrulamistir (Bhati-Kushwaha ve Malik,
2013). Benzer sekilde Paulkumar ve ark. (2014), AgNP
sentezinde Piper nigrum'un yaprak ve goévde oOzlerini
olusan farklihklar1  g6zlemlemis ve
reaksiyonun 10 dakikada basladigini, yaprak i¢in 2 saatte
ve govde ekstraktlar1 icin 4 saatte sona erdigini
belirtmisler. Ek olarak, kokten sentezlenen AgNP’lerin
boyutu 9-30 nm iken, yaprak 6zlerinden sentezlenen
AgNP’lerin TEM goriintiilerinde kiigik (4-14 nm) ve
biiyiitk (20-50 nm) boyutlu NP’leri go6zlemlemisler
(Paulkumar ve ark., 2014).

Bitkilerde bulunan terpenoidler, flavonlar, Kketonlar,

maliyetli olmalar1 ©6nemli bir avantaj

kullanirken

aldehitler, proteinler, amino asitler, vitaminler,
alkaloidler, tanenler, fenolikler, saponinler ve
polisakkaritler gibi biyomolekiiller, metallerin

indirgenmesinde 6nemli rol oynamaktadir (Nath ve
Banerjee, 2013). Umadevi ve ark. (2013) Solanum
lycopersicums  (domates) meyve
kullanarak AgNP’leri sentezlemis ve S. lycopersicums
meyve ekstraktinda bulunan sitrik asidin indirgeyici ajan
olarak davrandigini ve malik asidin biyolojik olarak
indirgenmis AgNP’lerinin kapatilmasindan
oldugunu ifade etmisler (Umadavi ve ark., 2013). Benzer

bitkisinin Ozini

sorumlu

olarak Noruzi ve ark. (2011), giil yapraklar kullanilarak
AuNP’lerinin sentezini incelemisler ve ¢igek 6ziitiiniin bol
miktarda seker ve protein icerdigini bu nedenle de
tetrakloroaurat tuzunun AuNP’lerine indirgenmesinden
sorumlu oldugunu belirlemislerdir (Noruzi ve ark,
2011). Geleneksel kimyasal ve fiziksel ydntemlerde;
metal iyonlarin indirgenmesinde yer alan indirgeyici
ajanlar ve sentezlenen NP’lerin olusmasi istenmeyen
aglomerasyonunu 6nlemek i¢in eklenen stabilize ajanlar,
cevre ve hilcre icin toksisite riski icermektedir.
Biyouyumluluk 6zelligi olan NP’lerin yesil sentez
yontemiyle iiretiminde ise bu ajanlar, kullanilan biyolojik
organizmalarda dogal olarak yer almaktadir (Hussain ve
ark., 2016).

Bu nedenle, bu inceleme sonraki boliimlerde, dzellikle

metal ve metal oksit NP’lerin yesil sentezi, sentez

parametrelerini, etki mekanizmalarini,
karakterizasyonunu ve uygulama alanlarina
odaklanmaktadir. Cesitli mikroorganizmalarin ve

bitkilerin aracilik ettigi NP sentezine iliskin baz giincel
calismalar Tablo 1'de ve Tablo 2’de verilmistir.

BSJ] Eng Sci / Harun GIFTCI ve ark.

32


https://www.sciencedirect.com/topics/earth-and-planetary-sciences/fungus
https://www.sciencedirect.com/science/article/pii/S2215153219301060#bib0135
https://www.sciencedirect.com/science/article/pii/S2215153219301060#bib0135
https://www.sciencedirect.com/topics/chemical-engineering/flavone
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/ketone
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/aldehyde
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/alkaloid
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/tannin
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/polysaccharide
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/citric-acid
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/metal-oxide

Black Sea Journal of Engineering and Science

Tablo 1. Farkli miroorganizmalardan sentezlenen metalik nanopartikiiller ve tibbi 6zellikleri

NP

Boyut

Organizma tiri Lokasyon Karakterizasyon (nm) Sekil Tibbi 6zelligi Referanslar
Sargassum swartzii Au HD UV-VII:'R}?:II:]-;I\}}[' XRD, 35 Kiiresel Sitotoksik Dhas, 2014
Kiebsiella Au HD Uv-Vis, XRDFT-IR,  10-15  Kiresel, ~*nti-bakteriyel Prema ve ark,
pnémonisi Aktivite 2016
Magnusiomyces Kire, Zhang ve ark
vag 4 Au HD TEM, FT-IR, SEM 10-80  iicgen ve Katalitik etki J g
ingens LH-F1 2016

altigen

Pseudomonas UV-Vis, XRD, EDX, . Anti-mikrobiyal ve
deceptionensis Ag HD FE-TEM 10-30 Kiiresel Anti-biyofilm Joveark, 2016
Penicillium UV-Vis, TEM, EDX, ) .. Biyokimyasal Roy ve Das,
crustosum Au HD DLS, FT-IR, 20-50 Kiiresel parametre etkisi 2016
ﬁjgg;’;;hézgl’ Fe0 HD UV-Vis, DLS, FESEM, 1o o oo Anti-koagiilan Crespo ve ark,,

. Hi EDX, TEM, - aktivite 2017
aeruginosa.
Penicillium italicum Ag HD UV-Vis, SEM 33 - Anti-mikrobiyal Nayazli)\i%ark.,

o TEM, SEM, EDX, oy Anti-bakteriyel

Shewanella loihica Cu HD XRD, XPS 10-16 Kiibik aktivite Lv ve ark., 2018
Trichoderma UV-Vis, TEM, FT-IR, . . . Elamawi ve ark.,
longibrachiatum Ag HD DLS 10 Kiiresel Anti-fungal aktivite 2018

HD-= hiicre disi; Hi= hiicre igi; NP= nanopartikiil; FT-IR= fourier déniisiimii kiziltesi spektroskopisi; UV-Vis= UV-gériiniir spektroskopi; DLS= dinamik 151k
sagilimi; EDX= enerji yayilimi X-151n1 Analzi; XRD= X-151n1 kirinimi; XPS= X-151n1 foto-elektron spektroskopisi; SEM= taramali elektron mikroskobu; TEM=
transmisyon elektron mikroskobu; HR-TEM= yiiksek ¢oztintirliikli transmisyon elektron mikroskobu; FESEM= alan taramal elektron mikroskobu.

4. Neden Yesil Sentez

Fiziksel ve kimyasal yontemler {lizerine yapilan
calismalar; metal esash NP’lerin boyutu, morfolojisi,
stabilitesi ve reaktivitesi gibi fizikokimyasal 6zelliklerin
deneysel kosullardan, metal iyonlar1 ve indirgeyici
ajanlar arasindaki etkilesim kinetiginden ve stabilize
edici ajan ile metal arasindaki adsorpsiyondan gii¢lii bir
sekilde etkilendigini ortaya koymustur (Sharma ve ark.,
2009). Yesil sentezin mevcut sartlarda diger yontemlere
kiyasla daha diisiik verimli olmasina ragmen, enerji
ihtiyaci olmamasi ve cevreye uygun kosullarda, toksik
kimyasallar ve ¢oziiciiler kullanilmamasi, siireci daha
giivenli hale getirdiginden yaygin olarak tercih
edilmektedir (Mohanpuria ve ark, 2008). Oldukca
kararll ve iyi karakterize edilmis NP’lerin biyolojik
Uretimi organizma tiirleri, hiicre biiylimesi,
aktivitesi, optik blylime, reaksiyon kosullar1 ve uygun
biyokatalizor gibi parametreler optimize edilerek elde
edilebilir (Shankar ve ark, 2004). Ayrica yesil
sentezlenmis NP’ler, diger ydntemlerle sentezlenmis
NP’ler ile kiyaslandiginda daha yiiksek antimikrobiyal
aktiviteye sahiptir. Bu antimikrobiyal aktivitenin,
biyosentezlenmis NP’leri kapatmada ve ardindan
stabilize etmede islev goren birka¢ proteinin sinerjistik
etkisi sonucu meydana geldigi diisiiniilmektedir (Roy ve
ark, 2019). NP’lerin elektronik, optik, manyetik ve
katalitik 6zellikler gibi temel o6zellikleri NP boyutu ve

enzim

sekli tarafindan kontrol edilir. Biyolojik sistemlerin
kontrol edilebilirlik kolayligi nedeniyle, NP’lerin yesil
sentezi, kimyasal sentezden daha uygun bir yoéntemdir
(Ghorbani ve ark., 2011).

4.1. Nanopartikiillerin Yesil Sentezi
Parametreler

icin Kritik

Son zamanlarda yapilan ¢aligmalarda, homojen boyut ve
morfolojiye sahip NP’ler tiretmek icin rasyonel olarak
kararl bir sistem kurulmaya ¢alisilmistir (Kathiresan ve
ark.,, 2009). Reaksiyon sicaklig), pH, inkiibasyon siiresinin

ve konsantrasyon sentezlenen NP’lerin seklinde,
boyutunda, stabilitesinde ve niikleasyon siirecinde
onemli degisikliklere neden olabilmektedir. Calismalarda
mikroorganizmanin optimal biiyiimesi icin gerekli en
yiksek sicaklik tercih edilmektedir. Ciinkii yiiksek
sicaklikta NP sentezinden sorumlu enzim daha aktiftir.
Ayn1 zamanda, bu teknikte en etkili faktorlerden birisi de
pH'dir ve farkh pH degerlerinde farkli NP’ler
sentezlenebilir. Gurunathan ve ark. (2009), AgNP’lerin
cogunun Escherichia coli'de pH 10'da sentezlendigini
gostermistir (Gurunathan ve ark. 2009). Bitkilerde ise
pH degisiklikleri, dogal fitokimyasallarin yiikiinde
farkliliklara olur. Bu durum, baglanma
kabiliyetlerinin ve NP sentezi esnasinda metal iyonlarinin
azalmasimna neden olarak NP’lerin morfolojisini ve
verimini etkileyebilmektedir. Ornegin, Avena sativa

neden

ekstraktinda, pH 3 ve 4’ de ¢ok sayida kii¢iik boyutlu
AuNP pH 2'de NP agregasyonu
gozlemlenmistir. Bu yiizden, ¢ok diisiik pH degerlerinde,
indirgeme boyunca NP agregasyonunun hakim oldugu
one sirilmistir (Singh ve ark, 2016). Reaksiyon

olusurken,

slireside metalik NP’lerin sentezi icin boyut ve sekli
kontrol etmede 6nemli bir rol oynar. Rajeshkumar ve ark.
(2013), Vibrio alginolyticus siipernatani kullanilarak
AgNP’lerin hiicre dis1 sentezinde, reaksiyon siiresinin
artmasi ile verimin yikseldigini ve UV-goriniir
spektroskopi (UV-Vis)  pikinde o6nemli bir kayma
olusturmadigin1  gostermislerdir. Tersine, hiicre igi
sentezin UV-Vis pikinde daha yiiksek dalga boyuna dogru
kayma olusturdugunu ve hiicre dis1 AgNP sentezinde
NP’lerin boyutunu etkilemeden zamana bagl verimin
gozlendigi sonucuna varmiglardir (Rajeshkumar ve ark,
2013). Tek hiicre proteini (Spirulina platensis)
kullanilarak hiicre disi olarak sentezlenen Ag ve Au
NP’ler icin benzer gozlemler kaydedilmistir (Govindaraju
ve ark.,, 2008). Bitki 6zii kullanilarak sentezlenen NP’lerin
inkiibasyon siiresi, NP’lerin morfolojik 6zelliklerini ve
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niteliklerininde meydana gelen degisimi gozlemlemek
icin incelenmistir (Rajendran ve Sen, 2016). Saklama
kosullar1 ve 1s18a maruz kalma gibi diger faktorler de
bakir oksit Np’lerin (CuONP) reaksiyon
etkilemektedir. stireli  inkiibasyon
partikiillerin topaklasmasina ve kiigiilmesine neden
oldugu belirtilmistir (Saif ve ark, 2016). Reaktan

suiresini

Uzun sliresinin

konsantrasyonu (biyomolekiiller veya metal tuzlari),
metalik NP olusumunu o6nemli 6lgiide etkilemektedir.
Yapilan bir ¢alismada reaksiyon ortaminda Penicillium
brevicompactum siipernatan1  ve
konsantrasyonunun degisimi ile AuNP’lerin boyut ve

alin  tuzu

seklinin 6nemli 6lciide etkilendigi gérilmiistiir.

Tablo 2. Cesitli bitkilerden sentezlenen metalik nanopartikiiller ve tibbi 6zellikleri

Tibbi bitki NP tirt Kisim Karakterizasyon lig}r/nu)t Sekil Tibbi ozelligi Referanslar
Anti-oksidan
. , N Uv-Vis, SPR, TEM, e . ’ Bhakya ve ark,,
Helicteres isora Ag Kok XRD, FT-IR 16-95 Kiibik Antll- 2015
bakteriyel
Kristal, .
Artocarpus A Tohum TEM, SAED, EDAX, 90- Diizensiz Anti- Jagtab ve Bapat,
heterophyllus g SEM, FT-IR 100 - bakteriyel 2013
kiiresel
. 66 .
UV - Vis, FE-TEM, Kiiresel . .
Prunus serrulata AgveAu  Meyve  EDX FT-IR XRD,  (A8) (Ag) Anti Singh ve ark,,
DLS 65 Altigen (Au) enflematuar 2018
(Aw) &
Biitiin UV-Vis, EDAX, FE- . Ant- Premkumar ve
Targm Ag bitki SEM, FT-IR 50-70 Kiiresel imikrobiyal ark, 2018
Caesalpinia A Yaprak Uv-Vis, XRD, SEM, 78.9 - Kiiresel Sitotoksik, Deepika ve ark.,
pulcherrima g P TEM, EDAX 98.54 Anti-oksidan 2020
95
, . . i (Au), Diizensiz . . Banu ve ark.,
Phoenix dactylifera Ag Cicek Uv-Vis, SEM, EDX, 27 dagmik Sitotoksik 2018
(Ag)
Dobrucka ve
1 . UV-Vis, FT-IR, ) ) Anti-
Trifolium pratense Zn0O Cicek TXRF, SEM 60-70 bakteriyel Dhug;(s)zle6wska,
Nyctanthes arbor- . UV-Vis, FT-IR, XRD, B . . Jamdagni ve ark.,
tristis Zn0 Cicek DLS, TEM, 12-32 Kristal yap1 Anti-fungal 2018
. Kristal .
. UV-Vis, XRD, FT-IR, . Anti- Santhoshkumar
Passiflora caerulea Zn0O Yaprak SEM, EDAX, AFM 37.67 Kll(léﬁislil bakteriyel ve ark, 2017
) igne Anti-
Berberis aristata Zn0O Kokler UV-Vis, XRD, SEM, 20-40 benzeri bakteriyel, Chandra ve ark,
EDX, DLS . f 2019
naoyapi Anti-oksidan
Justicia Zn0O Yaprak SEM, FT-IR, XRD, 39 Altigen Antimitotik Hemanth Kumar
wynaadensis ve DNA ve ark,, 2019
baglanma
potansiyeli
P. granatum Meyve UV-Vis, TEM, XRD, . . Sahin ve ark.,
(Punicaceae) Pt kabugu FESEM, FT-IR. 2012 Kiresel Anti-kanser 2018
. Anti-
P. gymnospora Pt Biitlin Fl;rEISlE’I\E[J VE-BI)? )I—(IRR]-)' 5.50 Kesik mikrobiyal, Ramkumar ve
(Dictyotaceae) bitki i ’ Oktahedral Anti-kanser, ark.,, 2017
TEM . )
Anti-oksidan
Anti-oksidan,
C. speciosus XRD, FT-IR, Raman, Anti- Surya ve ark
(Cos taceae)” Pt Yaprak  SEM, HR-TEM, EDS,  10-50 Kiiresel diyabetik, yz oo
DRS, PL, XPS Foto-
katalizor
Anti-
X strumarium Pt Yaprak FT-IR, PXRD, SEM- 22 Kiibik, bakteriyel, Kumar ve ark.,
(Asteraceae) p EDX, TEM dikdortgen Anti-fungal, 2019
Anti-kanser
L. X I FeCl ;ve Uv-Vis, XRD, FT-IR, 32- Kiiresel . Sulaiman ve ark.,
Albiziaadianthifolia FeCls Yaprak SEM 100 Sekilli Stotoksik 2018
. . Anti-
Yesil ve siyah cay SEM, FT-IR, EDX, . . Asghar ve ark,,
yapraklari FeCl 3 Yaprak UV-Vis 42-60 Kiiresel bakteriyel, 2018

Anti-fungal

NP= nanopartikiil; FT-IR= fourier doniisiimii kiz1l6tesi spektroskopisi; UV-Vis= UV-goriiniir spektroskopi; DLS= dinamik 1s1k sagilimi; EDX= enerji yayilimi X-
1511 Analzi; XRD= X-1g1m1 kirmimi; XPS= X-151n1 foto-elektron spektroskopisi; SEM= taramali elektron mikroskobu; TEM= transmisyon elektron mikroskobu;
HR-TEM= yiiksek ¢oziiniirliiklii transmisyon elektron mikroskobu; FESEM= alan taramali elektron mikroskobu.

Kiiresel AuNP’ler 1 mM altin tuzunda 50 nm olarak
gozlenirken, 2 mM'de NP’lerin boyutu (10~70 nm)
artmistir. 3 mM altin tuzunda, kiiresel, liggen ve elmas
benzeri partikiillerle daha biiyiik NP’lerin (50-120 nm)

olusumu goézlenmistir (Mishra ve ark, 2011). Benzer
sekilde yapilan bagka bir ¢alismada ise, daha diisiik metal
tuzu konsantrasyonunda kiiresel NP olusumu ve daha
ylksek metal tuzu konsantrasyonunda liggen ve altigen
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nanoplatlarin olusumu bildirilmistir (Pimprikar ve ark.,
2009). Cevresel ve beslenme parametrelerinin manipiile
edilmesiyle de NP’lerin boyut ve sekil kontrollii sentezi
saglanabilir (Husseiny ve ark., 2015). Bitki o&ziti
kullanilarak NP sentezi, biiyiik 6l¢iide bitki 6ziitlerinde
bulunan biyomolekiil tiirlerine ve kullanilan hacme
baghdir (Devatha ve ark., 2018). Mehdi ve ark. (2017),
yaptiklar1 ¢alismada NP’lerin hizli biyo-indirgeme ve
stabilizasyonunu saglamak icin Oncii ile baglanan
¢ozeltide daha fazla kimyasal bilesen bulundugundan,
kullanilan 6ziit hacmi ne kadar yiliksek olursa sentez
oraninin o kadar hizli oldugunu gostermistir (Mehdi ve
ark, 2017; Toledo ve ark, 2018). Bulgular, NP’lerin
sentezi icin kullanilan ekstraktin hacminin ve tiiriiniin
morfolojik ozellikleri ve biyolojik aktiviteleri iizerinde
onemli etkiye sahip oldugunu kanitlamistir (Sumera ve
ark., 2018).

4.2. Nanopartikiillerin Uygulamalari

Metal NP’ler, biyomedikal, ilag, tip, tarim, ¢evre, enerji,
vb. alanlarda kullanimi giin gegtikce artmaktadir (Pereira
ve ark., 2015). Paklitaksel, metotreksat ve doksorubisin
gibi ilaclarin spesifik salinimi igin AuNP’ler uygulanmistir
(Rai ve ark, 2015). AuNP’ler ayrica tiimoér tespiti,
anjiyogenez, genetik hastalik ve genetik bozukluk teshisi,
foto-goriintileme ve fototermal tedavilerde de
kullanilmistir. Demir oksit NP’leri, kanser tedavisi,
hipertermi, ilag verme, doku onarimi, hiicre etiketleme,
hedefleme ve immiinolojik testler, biyolojik sivilarin
detoksifikasyonu, manyetik rezonans goriintiileme ve
manyetik olarak dagitiminda
uygulanmaktadir (Huang ve ark., 2007; Khlebtsov ve
Dykman, 2011; Iv ve ark, 2015). AgNP’lerin bir¢ok
antimikrobiyal ayrica antikanser,
antiinflamatuvar ve yara tedavisi uygulamalarinda

duyarh ilag

ama¢ i¢in ve

kullanimi mevcuttur (Ahamed ve ark., 2010).
AgNP’ler en ¢ekici nanomalzemeler arasindadir. Tani,
tedavi, ila¢ dagitimi, tibbi cihaz kaplamasi ve Kkisisel
saglik bakimi dahil olmak iizere bir¢ok biyomedikal
uygulamada kullanimi yaygindir (Ge ve ark, 2014).

Ayrica

Biyouyumlu, toksik olmayan, kendi kendini temizleyen,
cilde uyumlu, antimikrobiyal ve dermatolojik d6zelliklere
sahip ¢inko ve titanyum NP’lerde biyomedikal, kozmetik,
ultraviyole bloke edici ajanlarda kullanilmaktadir
(Ambika ve Sundrarajan, 2015; Zahir ve ark., 2015).
flaglarin  biyoyararlanim diizeyine ulagmasi icin doz
optimizasyonu gereklidir ve alinan ilacin belirli bir hedefi
olmasi gerekir. Yani, uygun biyoyararlanimi elde etmek
icin teorik olarak yiiksek dozlarda ila¢g alinmalidir, ancak
bu daha fazla yan etkiye neden olacaktir. NP’ler ile
bolgeye 6zel ilag dagitimi saglanabilmektedir (Hanafy ve
ark., 2019; Wang ve ark. 2017). Bu yaklasim sayesinde
uygun ila¢ dozu kullanilacak ve yan etkiler 6nemli 6l¢iide
azaltilabilecektir. ilaglarin belirli hedefler icin kiiciik
miktarlarda kullanilmasi hem ila¢ maliyetini distrir
hem de hasta konforunu artirir (Menon ve ark., 2017).
4.3. Nanopartikiillerin Karakterizasyonu

NP’lerin boyutlarini, sekillerini, dagihmlarini, yiizey
morfolojilerini ve yiizey alanlarin belirlemek i¢in cesitli

karakterizasyon teknikleri kullanilir. Karakterizasyonda
yer alan spektroskopik ve difraktografik teknikler
arasinda UV-Vis, dinamik 1sik sagilimi (DLS), enerji
dagitict spektroskopi (EDS), X-isim1 kirimimi  (XRD),
Fourier doniisiimii kizilétesi spektroskopisi (FT-IR), X-
1sin1  foto-elektron spektroskopisi (XPS) ve Raman
spektroskopisi bulunur (Shah ve ark. 2015; Menon ve
ark. 2017). Bunlar bilesimi, yapiy1 ve kristal fazi analiz
etmek icin kullanilan dolayli yontemlerdir. NP'lerin
boyutunu ve morfolojik 6zelliklerini belirlemek igin
taramali elektron mikroskobu (SEM), transmisyon
elektron mikroskobu (TEM), yiiksek c¢oztnirlikli
transmisyon elektron mikroskobu (HR-TEM) ve atomik
kuvvet mikroskobu (AFM) kullanilmaktadir (Quester ve
ark., 2013). Genel olarak, metalik NP'ler, 190-1100 nm
araliginda UV-Vis spektroskopisi ile izlenen ylizey
plazmon rezonansindan (SPR) dolay1 etkili optik
ozelliklere sahiptir (Sharma ve ark, 2016). Farkh
malzemeler igin absorpsiyon spektrumlari farkhdir,
ornegin AgNP'ler icin bu spekturum 400-450 nm
(Aboelfetoh ve ark., 2017), AuNP'ler i¢in 500-550 nm
arasinda ve ZnONP’ler i¢in 350 ile 390 nm arasindadir
(Shukla ve Iravani, 2017). Sulu ortamda partikiil
boyutundaki bir artis, bant yogunlugundaki artisla
gosterilir. UV/Vis-difiiz yansitma spektrometresi (DRS)
optik absorpsiyon, gecirgenlik ve yansitmay1 6l¢mek i¢in
kullanilabilen tam donanimli bir cihazdir. DRS,
malzemenin fotoaktivitesini ve iletkenligini belirlemek
icin nanomateryellerin bant araliklarim1 hesaplamada
kullanilan bir tekniktir (Khan ve ark, 2017). FT-IR
spektroskopisi ise, sentez ve yiizey kimyasinin altinda
yatan mekanizmay1r arastirmak icin, NP'lere bagh
fonksiyonel gruplar1 tanimlamada kullanilir. Sulu dogal
ekstrakt ve reaksiyon ortaminin gegirgenlik spektrumlari
arasindaki dahil olan
biyomolekiiller hakkinda fikir sahibi olmay1 saglar
(Dahoumane ve ark, 2016). NP'lere bagh en yaygin
fonksiyonel gruplar -C = O, -NHz ve -SH'dir (Jena ve ark,,
2014). Bununla birlikte, FT-IR'iIn kullanimi, karmasik
biyolojik matristeki IR absorpsiyon bantlarinin ytiksek
derecede Ortlismesi
sahiptir. Ek olarak, XPS gibi diger karakterizasyon
teknikleri, NP'ler ile cevreleyen
biyomolekiiller arasindaki etkilesimler hakkinda bilgi

karsilastirma ve silirece

nedeniyle belirli sinirlamalara

iretilen onlari
verir (Dahoumane ve ark. 2016). NP'lerin sivi haldeki
ylzey yiikd, hidrodinamik ¢apt ve dagihmi DLS
spektroskopi ile olciiliir ve partikiil stabilitesi zeta
potansiyeli Saflik, kristalin boyutu,
geometri, yonelim ve fazlar XRD
belirlenebilirken, genel olarak kirinim modelleri, yapisal
bilgiyi elde etmek icin Toz Kirinim Standartlar1 Ortak
Komitesi (JCPDS)'nin standart kristalografik veri tabani
ile karsilastirilir (Shah ve ark., 2015).

NP'lerin ozellikleri, SEM, TEM, HR-TEM ve AFM gibi
gelismis mikroskobik tekniklerle
morfolojilerinden tahmin edilir. SEM, nano o6lcekte
parc¢aciklar hakkinda bilgi saglar ve NP'lerin toplu veya
matristeki yiizey morfolojisini ve dagilimini belirlemeye

ile Dbelirlenir.
verileri ile

incelenen
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yardimct olur. TEM, yaygin olarak boyut ve sekil i¢in
kullanilir ve ayni1 zamanda, diisiik biiylitmeden yiiksek
biiylitmeye kadar degistigi icin malzeme katmanlarinin
sayis1 hakkinda bilgi saglayabilir. Ancak her ikisi de
Enerji yayihmli X-Isin1 Analizi (EDX) veya enerji dagihim
spektrometresi (EDS) ile birlestirildiginde, mevcut
metaller hakkinda bilgi verir (Oza ve ark, 2012). Bazi
durumlarda, hiicre i¢i sentezlenen NP’lerin, lokalizasyonu
SEM ve TEM tarafindan belirlenebilir. Ancak kesin sekil,
boyut ve kristal yapinin belirlenmesi i¢cin mutlaka HR-
TEM gereklidir. AFM ise ylizey topografyasi hakkinda
bilgi saglar. TEM goriintiileri esas olarak ti¢ boyutlu
NP’lerin iki boyutlu bir goriintiisiinii temsil ederken, AFM
sentezlenmis parcgaciklarin {i¢ boyutlu bilgilerini elde
etmek i¢cinde kullanilabilir (Ouester ve ark., 2013; Khan
ve ark,, 2017).

5. Nanopartikiillerin Etki Mekanizmalari
5.1. Anti-mikrobiyal etki mekanizmasi

Enfeksiyona neden olan bakterilerin % 70'inden
fazlasinin kullanilan antimikrobiyal maddelere direngli
oldugu bilinmektedir. Bu anlamda yeni ve etkili
antimikrobiyal ajanlarin gelistirilmesi biiyik ©6nem
tasimaktadir. Bakir, titanyum, giimiis, altin ve ¢inko gibi
metal NP’lerin her biri, ¢esitli antimikrobiyal aktivite
ozelliklerine sahiptir (Malakodi ve ark., 2014). NP'ler,
oksidatif stresin indiikksiyonu ve metal
salinmasi, (Chandra ve ark, 2019) ayrica NP'lerin
yiizeyinden hidrojen peroksit olusumu (Rai ve ark,
2009) yoluyla antimikrobiyal aktivitelerini sergilerler.

iyonunun

AgNP’lerin, glimiis iyonu vererek ve solunum enzimlerini
inhibe ederek antibakteriyel aktivite sergiledigi, hiicre
zarina zarar veren ve hiicresel enzimleri inaktive eden
asir1 reaktif oksijen tiirlerini (ROS) irettigi ileri
sirlilmektedir (Pal ve ark., 2007; Lazar, 2011). NP’iin
antimikrobiyal ayrica bakteri
duvarinin bilesimine de baghdir (Bolla ve ark, 2011).
AgNP'ler bakterilerin hiicre zarina baglanarak ve
birikerek zar hasarina neden olurken zar geg¢irgenligini
artirdigl bildirilmistir (Devi ve Joshi, 2012). Bakteriyel
hiicre zarinin gecirgenlik derecesi NP’lerin boyutuna ve
konsantrasyonuna baghdir. Bunun nedeni, Kkiiciik
pargacik boyutunun hiicre zarina kolay niifuz etmesi ve
ayrica ribozomlar gibi hiicre organelleriyle etkileserek
hiicre dliimiine yol agmaya yardimci olmasidir. Raffi ve
ark. (2008), E. coli hiicrelerinin AgNP'lerle muamelesi
sonunda DNA replikasyonunu etkiledigini gostererek,
NP’lerin DNA polimeraz enzimi iizerinde bir etkiye sahip
oldugunu bildirmisler (Raffi ve ark, 2008). Cha ve ark.
(2015), kazein'in patojenik bakterilere karsi etkili
antibakteriyel aktivite gosteren bakir NP (CuNP)
sentezini bildirmistir. CuNP'lerin antibakteriyel aktivitesi
ve standart olarak ofloksasin ve kanamisin antibiyotikleri
kullanilarak inhibisyon bdlgesi analizi belirlenmistir.
CuNP'ler, antibiyotiklerden elde
inhibisyon bdlgesine neredeyse esit olan iyi bir
inhibisyon bdlgesi sergilemistir; bu, CuNP'lerin standart
antibiyotikler tarafindan sergilenen etkiye benzer bir

mekanizmasi hiicre

standart edilen

etkiye sahip oldugu anlamina gelmektedir. Yukarida
belirtildigi gibi, kanamisinin antibakteriyel aktivitesini
sergiledigi mekanizma, protein sentezinde rol oynayan
enzimleri inhibe etme o6zelligiyledir. Benzer sekilde
CulNP'lerin de enzim inhibisyonu yoluyla antibakteriyel
aktivite sergiledigi 6ne siiriilebilir (Cha ve ark., 2015).
Yapilan bu ¢alismalar, NP'lerin hiicresel enzimi dogrudan
veya dolayli olarak inhibe ettigini ve antibakteriyel etkiye
neden oldugunu gostermektedir.

5.2, Sitotoksik Etki Mekanizmasi

NP’ler, apoptozu veya hiicre dongiisiiniin durdurulmasini
indiikleyerek sitotoksik etkilerini gosterirler. NP'ler,
kanserli hiicrelere c¢ekirdek yoluyla girer ve sonugta
hiicre 6liimiine yol agan DNA kirilmasina neden olur.
Ayrica, ROS’un olusturulmasiyla glutatyon ve tioredoksin
sistemlerinin bozulmasi sitotoksik etkiler meydana
getirir (Menon ve ark, 2018). ROSlar, biyolojik
molekiillerle dogrudan etkilesime girerek veya dolayl
olarak oksidatif stres uygulayarak, apoptoz veya nekroz
yoluyla hiicre olimini tetikleyerek hiicresel hasara
neden olabilir. Ortaya ¢ikan oksidatif stres NP kaynakli
sitotoksisitenin merkezi mekanizmalarindan biri olarak
ortaya ¢ikmistir (Lin ve ark, 2006; Xia ve ark., 2006;
Carlson ve ark., 2008). Ornegin Pan ve ark. (2009), 1.4
nm trifenilfosfin monosiilfonat baghkli AuNP'lere
hiicresel yaniti incelemis ve AuNP'lerle tedavinin artmis
ROS iiretimi ve mitokondriyal potansiyel kaybu ile iligkili
oldugunu ve nekrotik hiicre o6liimiiyle sonuclandigini
bulmuslar (Pan ve ark., 2009). AuNP'lerin oksidatif stresi
tetikleyen kesin mekanizmas:1 iyi anlasilmamistir.
Bununla birlikte, yiiksek hiicre i¢i ROS'un bir sonucu
olarak, mitokondriyal islevde bozulma yoluyla meydana
geldigi disiinilmektedir. Wahab ve ark. (2014), 10-15
nm sitrath AuNP'lerin indiikledigi hiicre i¢i ROS
seviyelerinde doza bagl bir artisin, kaspaz 3 ve 7'nin
yukari regiilasyonu ile iligkili oldugunu ve mitokondriyal
disfonksiyon yoluyla apoptoza yol agtigimi bildirmisler
(Wahab ve ark., 2014).

5.3. Anti-Enflamatuar Etki Mekanizmasi

NP'lerin, potansiyel bir anti enflamatuar ajan olarak
etkilerinin oldugu belirlenmistir ve bu NP'lerin genis bir
ylizey alani/hacim oranina sahip olduklari dolayisiyla
sitokinler ve iltihaplanmaya yardimci enzimler gibi
iltihap artiricilart bloke etmede iyi sonuglar verdikleri
ortaya konulmustur. Dokular yaralandiginda veya bir
patojen tarafindan saldiriya ugradiginda meydana gelen
hasara bagh olarak inflamatuar bir yanit iiretirler. Bu
yanit, miicadelede yardimci olan makrofajlarin ve kok
hiicrelerin toplanmasina yol agar ve makrofajlar,
iltihaplanma siirecini diizenlemede 6énemli bir rol oynar
(Wynn ve Vannella, 2014). Makrofajlar biiyiik, heterojen,
tek cekirdekli, fagositik hiicreler olmakla birlikte kemik
iliginde iretilirler, kan dolasiminda monositler olarak
adlandirilan  beyaz kan hiicreleri (WBC'ler) olarak
bulunurlar. Makrofajlar iki tiptedir: pro-enflamatuar M1
makrofajlar1  ve
reaksiyonlara yanit olarak aktive olan ve etkilenen doku
ve organlarin yeniden sekillenmesi siirecini indiikleyen

alternatif olarak anti-enflamatuar
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M2 makrofajlaridir. Makrofajlar, yanitin durumuna bagh
olarak bu iki fenotip arasindaki doniisiimle inflamatuar
slirecini baslatir, dilizenler ve siirdiiriir (Bianchi ve
Manfredi, 2014). Metal NP'ler viicuda nazal, oral veya
dermal yollardan girer. Metal NP'ler viicuda girdikten
sonra dolasim sistemine gecerek, kan plazmasindaki
proteinlerle etkilesime girer ve bu etkilesim, NP’yi
cevreleyen bir protein korona olusumuna yol agar
(Bahadar ve ark, 2016). Immiinoglobulin (IgG),
immiinoglobulin M (IgM) ve fibrinojen neredeyse tiim NP
maruziyetinde tespit edilen ortak proteinlerdir (Zheng,
2015). Calismalara gore, IgG ve IgM dogal inflamatuar
siirecte rol oynamaktadir (SchwartzAlbiez ve ark., 2009).
Protein koronasinin olusumu, bilesimi ve protein
baglanma modelleri, NP'lerin yiizey yiikii, boyutu,
geometrik  sekli, hidrofobiklik derecesi, yiizey
purizliligi ve egriligi gibi fiziksel 6zelliklerine baghdir.
Clinkli protein Kkoronasi, NP'nin dis morfolojisini
degistirerek ona biyolojik bir kimlik verir (Walkey ve
Chan, 2012; Gunawan ve Lim, 2014). Protein kapli metal
NP'ler, iltihaplanma bdlgelerinde makrofajlar veya
notrofiller ile etkilesime girdiginde,
reseptorleriyle ilk temasa gecen protein koronadir.
Biiyiik 6l¢lide serum proteinlerinden olusan bu protein
korona, M2 makrofajindaki reseptérler icin bir ligand

hiicre ylizey

gorevi gorir ve anti-enflamatuar M2 makrofajlarim
aktive eder. Bu makrofajlar NP aliminda ¢ok énemli bir
role sahiptir. Bu yolla antienflamatuar etki meydana
getirir (Mahmoudi ve ark., 2011).

5.4. Anti-Fungus Etki Mekanizmasi

Metal NP'lerin etki seklini arastirmayr amaglayan
mikrobiyolojik deneylerin ¢ogu, mantarlar yerine
bakteriler tizerinde gerceklestirilmistir. Antimikrobiyal
aktivite genellikle serbest hiicre biitiinligii hasar1 ve ROS
olusumu da dahil olmak tizere birka¢ mekanizma ile
iliskilendirilir. Bu mekanizmalardan bazilarinin mantar
hiicrelerinde de meydana gelmesi muhtemel olsa da,
bununla ilgili ¢ok fazla kanit yoktur ve mantarlarda bu
varsayimlart dogrulamak icin daha fazla c¢alismaya
ihtiyac vardir. Dahasi, ¢ok az ¢alisma, hiicre zar1 hasarin
veya NP'lerin hiicre i¢i birikimini kontrol eden altta yatan
molekiiler siiregleri arastirmistir. Zn2+ iyonlar1 cesitli
bakteri ve mantar tiirlerine karsi antimikrobiyal aktivite
sergiler. Cinko oksit NP’lerin  (ZnONP) ¢6ziinmesi,
mikrobik difizyonunu  kolaylastirarak
antimikrobiyal aktiviteye katkida bulunan Zn 2+ iyonlarini
salmaktadir (Pasquet ve ark, 2014). Saccharomyces
cerevisiae, Escherichia coli ve Staphylococcus aureus
(Kasemets ve ark. 2009) ile yapilan ¢alismalarda Zn 2+
antimikrobiyal iyonlarin salinimi goézlenmistir. Zn 2+
salinimi ayrica antifungal etki icin ¢ok o6nemli bir
mekanizmadir (Reddy ve ark. 2007). AgNP'ler tarafindan
indiiklenen hiicre i¢i ROS birikiminin ayrica C. albicans'ta

hiicrelere

hiicre 6liimiini indiikledigi gosterilmistir (Hwang ve ark.,
2012).

ZnONP'ler ve Zn bilesikleri ise Fusarium graminearum ,
Penicillium citrinum ve Aspergillus flavus'ta ROS ve
mikotoksin iiretiminin inhibisyonunu indiikler (Savi ve

ark., 2013). Bu 6rneklerin disinda, daha 6nce belirtildigi
gibi, literatlirtin  biiyilk bir kismu  bakterilere
odaklanmistir. NP’lerin anti fungal etki mekanizmalarinin
daha detayli anlasilmas i¢in farkli mantar tiirlerini ve
farkli NP tiplerini iceren daha ileri ¢aligmalar gereklidir.

6. Sonug ve Oneriler

NP’lerin boyutlari, sekilleri ve biliesimi partikiillerin
fiziksel, kimyasal, biyoaktif, optik, elektriksel, katalitik ve
toksisite o6zelliklerini etkiler. Bu nedenle onlarin
sentezlerini, karakterizasyonlarini ve olasi toksisitelerini
tam olarak anlamak i¢in yeni aragtirmalara ihtiyag vardir.
Bitki ekstraktlar1 kullanilarak yapilan yesil sentez;
ylksek basing, sicaklik, enerji ve zehirli kimyasallarin
kullanilmasina gerek olmadan NP’lerin kolay, ekonomik
ve cevre dostu olarak elde edilmesi i¢in kullanilan en
pratik yontemdir. NP’lerin antikanser, antimikrobiyal,
antiviral ve antifungal aktivitelere sahip olmalar
nedeniyle biyomedikal uygulamalarda her gecen giin
onemini daha da artiracaktir. Devam eden ve yeni
planlanacak ¢alismalarla NP temelli yeni nesil ilaglarin
sentezinin gerceklesecegini ve bodylece hedefe yonelik
gelistirilmesine  katki

yeni tedavi protokollerinin

saglanacagini beklemekteyiz.

Katki Oram Beyani

HC fikri tasarladi. HC, KO, CEC ve BY literatiir arastirmasi
yaptl. HC, KO ve CEC makaleyi hazirladi. HC,KO ve BY
verileri analiz etti. Tiim yazarlar makaleyi inceledi ve
onayladi.

Catisma Beyani
Yazarlar bu ¢alismada higbir ¢ikar iligkisi olmadigini
beyan etmektedirler.
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