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Assessing Quality Changes in Carp Fish Meatballs Enriched with Different
Mustard Oil Levels

Pinar OGUZHAN YILDIZ **

, Tuba GUVEN?

, Gokhan ARSLAN!

! Department of Seafood Processing, Faculty of Fisheries, Atatlirk University, TR-25240 Erzurum,

Turkey

Abstract: This study aimed to assess the microbiological and sensory changes in carp (Cyprinus carpio)
meatballs enriched with black mustard seed oil at different concentrations (3% and 6%). Carp fish meat was
minced and divided into three distinct meatball groups, which were subsequently stored in sealed refrigerator
bags at 4+1°C. Sensory (appearance, taste, smell, texture and overall acceptability) and microbiological (total
aerobic mesophilic bacteria, psychrotrophic bacteria, yeast and mold) analyzes were performed on the 1st, 7th
and 14th days of storage. Significant differences were observed between the control group and the essential oil
added groups in terms of microbiological properties during storage (p<0.05). The results of sensory analyses
showed that there were statistically significant differences between the groups, and the control group was the
most preferred group across all parameters. According to the results of research, it has been determined that the
addition of mustard seed essential oil reduces the number of bacteria and delays spoilage.

Keywords: Cyprinus carpio, Fish ball, Microbiological analysis, Mustard oil, Shelf life, Sensory changes

analysis

INTRODUCTION

Carps constitute a large part of inland water fishing in
Turkish. Carp (Cyprinus Carpio) be-longs to the Cyprinidae
family and is a cold-resistant fish species with high economic
value that is widely found in almost all waters in Turkey. In
addition, it can easily adapt to the environment and its feed
intake and evaluation is high. It can develop rapidly under
suitable conditions (Balik et al., 2006; Cagiltay, 2011; Siile,
2011).

It is known that fish and other aquatic products, which are not
popular with consumers in Southwest Asia and Far East
countries, European countries and the United States, are
trans-formed into new products with different processing
techniques. Valuable fish species are of-ten sold as fresh,
frozen fillets or as smoked, salted, marinated or canned
products. However, there are many types that are traditionally
processed into different shapes made from minced meat. Fish
mince allows the use of fish species with low economic value,
especially those that cannot find a sufficient market demand
due to their bones. It converts the remaining edible parts after
the fillet process into processed products such as fish mince
(Yanar and Fenercioglu, 1999; Siile, 2011).

The mustard plant, renowned for its rich content, has been
employed in alternative medicine since the discovery of its
anti-inflammatory  properties centuries ago. Widely
recognized as a spice and sauce in kitchens, mustard provides
many health benefits owing to its abundant nutritional
content. As a herbaceous plant with yellow flowers, it belongs
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to the cruciferous family (Brassicaceae). The use of mustard
in foods not only enhances flavor but also extends the
product’s shelf life due to its antimicrobial activity. Among
the approximately ten different species, three are commonly
used as spices: black (Brassica nigra), white or yellow
(Brassica alba) and brown (Brassica juncea). Although
yellow and brown mustard types are popular choices in many
countries, black mustard, distinguished by its unique, intense,
sharp, and bitter taste, boasts a higher oil content. Black
mustard seed contains allyl isothiocyanate, which imparts a
characteristic aroma, and various beneficial components such
as amino acids, oligosaccharides, minerals, and fatty acids. In
addition, mustard seeds exhibit antioxidant effects due to
bioactive compounds like phenolic acid and phytin. Black
mustard has a strong antimicrobial effect against bacteria,
yeast and mold species, especially many food pathogens. This
effect is attributed to the presence of allyl isothiocyanate,
parahydroxybenzyl isothiocyanate, and glucosinolates. In
traditional medicine, black mustard seeds are used as a
laxative, diuretic, stimulant, emetic, appetite stimulant, anti-
asthma, anti-cough, anti-congestion, anti-neuralgia and more
(Mejia-Garibay et al., 2015; Gidik, 2016; Tirancioglu, 2017,
Sahiner, 2019; DPordevi¢ et al., 2020; Lakwani, 2021,
Lakwani et al., 2022).

Mustard oil is a vegetable oil produced by squeezing the seeds
of the mustard plant using various methods, and has been a
preferred choice for its health benefits since ancient times up
to the present day. It is rich in monounsaturated and
polyunsaturated fatty acids (MUFA and PUFA), as well as
omega-3 and omega-6 fatty acids (Anonymous, 2023;
DPordevi¢ et al., 2023). Black mustard oil possesses strong
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antimicrobial properties due to its allyl isothiocyanate
(Coskun, 2006).

This study aimed to determine the microbiological and
sensory changes in carp (Cyprinus carpio) meatballs enriched
with black mustard seed oil at two different concentrations
(3% and 6%).

MATERIALS AND METHODS
Material

The carp fish used in the research were supplied from a local
seller in Ardahan Province, and the black mustard seed oil
was procured from the market.

Method

Carp fish, with an average weight of approximately 5 kg,
were obtained in adherence to cold chain regulations and
brought to the Atatiirk University Fisheries Faculty
Processing Laboratory. To prepare the fish balls, the carp fish
were ground into minced meat and 10% breadcrumbs, 5%
onion, 2% salt, 0.5% black pepper, 0.5% red pepper, 0.5%
cumin were add-ed and thoroughly kneaded. Then, the fish
balls were divided into 3 groups: control (A), 3% black
mustard seed oil addition (B) and 6% black mustard seed oil
addition (C). The meatballs were packaged in sealed
refrigerator bags and stored at 4+1°C, and sensory
evaluations (appearance, taste, smell, texture and overall
acceptability) and microbiological analyses (total aerobic
mesophilic bacteria, psychrotrophic bacteria, yeast and mold)
were conducted on the 1st, 7th and 14th days of storage.

Microbiological Analysis

A meatball sample (10 g) was taken, 90 ml of sterile saline
was added and homogenized in the Stomacher device (Lab
Stomacher Blender 400-BA 7021 Seward Medical, England).
Total aerobic mesophilic and psychrotrophic bacteria were
enumerated using Plate Count Agar and incubated for 2 days
at 30°C and 10 days at 4°C, respectively. Potato Dextrose
Agar was used for yeast-mold counting and incubated at 25°C
for 5 days. The results of the microbiological analysis are
given as log cfu/g (Baumgart et al., 1986; Anonymous, 1992;
Halkman, 2005).

Sensory Analysis

Meatball samples were evaluated in terms of appearance,
taste, smell, texture and overall acceptability parameters by a
panelist group of 8 people. Fried meatball samples were
scored on a scale of 1 to 5 (Altug Onogur and Elmaci, 2011).

Statistical Analysis

The study was designed following a completely randomized
trial plan and conducted with two replications. Data
evaluation was performed using the SPSS 17.0 program, and
the results were compared using Duncan’s multiple
comparison tests.

RESULTS and DISCUSSION

Microbiological Analysis

These naturally occurring antimicrobial and antioxidant
agents are highly complex mixtures of often hundreds of
individual aromatic essential oil compounds extracted from
different plant materials such as leaves, barks, stems, roots,
flowers and fruits (Kog, 2023). The results of the
microbiological analysis of carp (C. carpio) meatballs
enriched with black mustard seed oil at different rates (3%
and 6%) are given in Table 1. Total aerobic mesophilic
bacteria are important parameters that provide information on
food hygiene throughout storage and pro-duction of food
(Dingoglu and Caligkan, 2022). The acceptable limit for total
aerobic mesophilic bacteria in fresh fish and seafood is set at
7 log cfu/g (ICMSF, 1986). Notably, these limits were
exceeded in the control group on the 14th day of storage.
However, it was observed that the total bacterial count in the
mustard oil-added groups remained below the acceptable
limit throughout the storage period. This may be due to the
protective role of mustard oil against spoilage bacteria
(Coskun, 2006). Statistically significant differences were
found between the groups during storage (p<0.05). While the
highest total aerobic mesophilic bacteria count was in the
control groups, the lowest bacterial load was in the group C.
Application of 6% mustard essential oil was more effective
against TAMB. It has been observed that the antibacterial
effect increases as the essential oil concentration increases.
Essential oils are produced from parts of plants as defense
mechanisms against microorganisms. Lemongrass leaf
essential oil has been reported to have an important role in
extending the shelf life of fish cakes by reducing the
microbial load (Kamona and Alzobaay, 2021). In our research
findings, it was determined that mustard oil has an inhibitory
effect on bacteria depending on concentration. Similar to the
present findings, Keser and Izci (2020) noted that the control
samples exceeded the limit value (7 log cfu/g), while the
essential oil-added meatball samples did not on the 7th day of
storage. Ha¢-Szymanczuk et al. (2021) found that the number
of mesophilic aerobic bacteria increased as the storage time
increased in all groups in the chicken meatballs prepared with
different rosemary formulations. Dingoglu and Caligkan
(2022) reported a low-er number of TMAB in meatball
groups containing lavender essential oil compared to the
control groups (p<0.05). At the end of storage, it was
determined that the mackerel meatball groups with herb
extract (thyme, rosemary and basil) showed a significant
difference (p<0.05) in terms of TAMB numbers compared to
the control group (Balikgi, 2015).

Psychrotrophic bacteria play a significant role and cause
changes in texture, smell and taste through the production of
different metabolic compounds (aldehydes, volatile
sulphides, bio-genic amines and ketones) (Ozogul and Ugar,
2013). During storage, the control group (A) exhibited the
highest psychrotrophic bacteria count while the group C had
the lowest. The difference in mustard essential oil
concentration significantly influenced the growth of
psychrotrophic bacteria in the samples (p < 0.05). Although
the number of psychrotrophic bacteria count increased in all
groups during the storage period, the highest increase was
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detected in the control group. The number of psychrotrophic
bacteria showed significant differences ac-cording to storage
days and groups (p<0.05). Ozalp Ozen and Soyer (2017)
emphasized that the addition of plant extract reduced the
psychrophilic bacteria count in mackerel minced meat stored
by adding different herbal extracts (green tea, grape seed and
pomegranate peel). Erecevit Sénmez et al., (2020), reported
that the number of psychrotrophic bacteria in carp fish
prepared with different amounts of ginger (0.1%, 0.25%,
0.5%) oil was lower in the 0.5% added group than in the other
groups. Sevik et al. (2022) emphasized that the addition of
herbal extract reduced the total number of aerobic
psychrophilic bacteria. These findings align with the results
of our study.

The increase in the number of yeast and mold in the control
group samples during the storage period was higher than in
the mustard seed oil added groups. Yeast and mold numbers
increased in all groups during the storage period. It was
determined that there were significant differences between
the groups during storage (p<0.05). Can (2012) found that
adding different amounts of eugenol (0.5% and 1%) to
meatballs prepared with mirror carp reduced the number of
yeast and mold compared to other groups. In another study,
Can and Emir Coban (2012) noted that applying 1% thymol
reduced the number of yeast and mold compared to other
groups. Erol and Ilhak (2015) reported that there was a slight
increase in the yeast and mold numbers of meatballs made
from thymol mirror carp, although it varied according to the
groups.

Table 1. Microbiological analysis results of carp (C. carpio) meatballs enriched with black mustard seed oil at different rates

(3% and 6%) (log cfu/g).

Samples
Days A B C

Total aerobic 1 3.83+0.142 2.28+0.082 2.25+0.142
mesophilic bacteria 7 5.48+0.12° 4.26+0.33 4.09+0.16"
14 7.07+0.98°¢ 6.43+0.14°¢ 5.94+0,08¢

Psychrotrophic 1 3.92+0.05% 2.53+0.072 2.59+0.012
_ 7 5.26+0.14b 4.75+0.07° 4,350,120
bacteria 14 7.33+0.31° 6.68+0.14° 6.22+0.31°
Yeast and mold 1 2.09+0.132 2.00+0.00? 2.00£0.00?
7 2.83+0.06° 2.26+0.172 2.06+0.08?

14 3.78+0.33°¢ 2.88+0.16" 2.78+0.04b

All values are the mean + standard deviation. Different letters (a, d) in the same column indicate significant differences (p
<0.05). A: control; B: 3% black mustard seed oil; C: 6% black mustard seed oil

Sensory Analysis

Sensory properties are important parameters in the
acceptance of the foods by consumers (Shafaghi Rad and
Nouri, 2023). Essential oils have a unique strong odor, taste
and color. Oxygenated derivatives formed by oxidation of
terpenes give the essential oil its unique smell, taste and
therapeutic properties (Celen, 2006). The results of sensory
analysis of carp (C. carpio) meatballs enriched with black
mustard seed oil at different rates (3% and 6%) are illustrated
in Figure 1. The control group (A) samples were the most
preferred by the panelists across all criteria (appearance, taste,
smell, texture and overall acceptability). It is suggested that
the extracts used give an unusual taste and smell to the fish,
leading to a lower overall acceptability. Statistically
significant differences were observed between the groups in
terms of all parameters (p<0.05). Sensory parameters showed
a significant decrease in all sample groups parallel to the
storage duration. Sinalbin (in white mustard) and sinigrin (in

black mustard) produce the pungent mustard oil (Yarali,
2023). It was determined that essential oil con-centration was
given low scores by the panelists in terms of sensory
parameters. Similarly, Mattje et al. (2019) reported that fish
burgers containing ginger oil received low scores from
panelists due to their intense ginger flavor in terms of taste
and overall evaluation. In line with our study, Zhang et al.
(2021) noted decreases in color, odor, texture and overall
acceptability parameters in grass carp supplemented with
thyme essential oil during storage. Emir Coban and Tuna
Kelestemur (2017) reported that catfish burgers prepared
using essential oil received the highest score in sensory
criteria when 0.4% Zataria multiflora Boiss essential oil was
added. Corbo et al. (2009) emphasized that no significant
difference was detected between sensory control and treated
cod fish burgers at the beginning of storage. In another study,
the use of rosemary extract has been reported to improve the
sensory quality of mackerel burgers (Ugak et al., 2011).
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Figure 1. Changes in appearence parameters of carp (C.
carpio) meatballs enriched with black mustard seed oil at
different rates (3% and 6%) (log cfu/g). A: control; B: 3%
black mustard seed oil; C: 6% black mustard seed oil

Figure 2. Changes in taste parameters of carp (C. carpio)
meatballs enriched with black mustard seed oil at different
rates (3% and 6%) (log cfu/g). A: control; B: 3% black
mustard seed oil; C: 6% black mustard seed oil

SMELL

Figure 3. Changes in smell parameters of carp (C. carpio)
meatballs enriched with black mustard seed oil at different
rates (3% and 6%) (log cfu/g). A: control; B: 3% black
mustard seed oil; C: 6% black mustard seed oil

TEXTURE

Figure 4. Changes in texture parameters of carp (C. carpio)
meatballs enriched with black mustard seed oil at different
rates (3% and 6%) (log cfu/g). A: control; B: 3% black
mustard seed oil; C: 6% black mustard seed oil

OVERALL ACCEPTABILITY
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Figure 5. Changes in overall acceptability parameters of carp
(C. carpio) meatballs enriched with black mustard seed oil at
different rates (3% and 6%) (log cfu/g). A: control; B: 3%
black mustard seed oil; C: 6% black mustard seed oil

CONCLUSION

In this study, it has been determined that black mustard seed
oil has positive effects on the microbiological properties of
carp fish meatballs and increases their shelf life. As a result
of sensory analysis, it was determined that the control group
samples were liked the most in terms of all parameters, and it
is predicted that this is due to the essential oil used giving the
fish an unusual taste and smell. It has been observed that such
important essential oils, which provide many health benefits,
can be easily used in fish and fish products. It is also
important to prepare such meatballs and offer them as an
alternative product to individuals who do not consume fish.
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Farkh Kiiltiir Ortamlarimin Scenedesmus spp. Gelisimi Uzerine Etkileri
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Ozet: Bu calismanin amaci Chlorophycea (Yesil algler) grubunun endiistriyel agidan énemli bir {iyesi olan
Scenedesmus spp. tiirlerinin geligimleri izerine farkli kiiltiir ortamlarinin etkilerinin aragtirilmasidir. Bu amagla
Erzurum il smirlart igerisinde yer alan dogal gollerden plankton kepgesi ile alinan 6rneklerden Scenedesmus
spp. izole edilmistir. Scedesmus spp.’nin BBM (Bold’s Basal Medium), 3N-BBM (3 Nitrogen Bold’s Basal
Medium), WCM (Wright’s Cryptophyte Medium), BG-11 (Blue Green Algal) saf hiicre kultir buytmeleri 14
gunlik inkibasyon sliresince takip edilmistir. Deneme sonunda en yiiksek gelisim ortalama 355 x 10* adet/ml
hiicre sayisiyla 3N-BBM Kkiiltiir ortaminda, en diisiik gelisim ortalama 86 x 10* adet/ml hiicre sayisiyla WCM
kiiltiir ortaminda hesaplanmstir. Sonug olarak azot (N) ile zenginlestirilmis kiiltiir ortaminin Scedesmus spp.
gelisimine pozitif etki ettigi tespit edilmigtir.

Anahtar Kelimeler: BBM, 3N-BBM, WCM, BG-11 Medium, Scenedesmus spp.

Effects on Growing of Scenedesmus spp. use of Different Medium

The aim of this study is investigated in the effects of different medium on growing performans Scenedesmus
spp., which is an industrially important member of the Chlorophyceae (Green algae) group. For this purpose,
Scenedesmus spp. is isolated from natural lakes within the borders of Erzurum province by from samples taken
with a plankton net. Pure cell culture growth of Scedesmus spp. in BBM (Bold's Basal Medium), 3N-BBM (3
Nitrogen Bold's Basal Medium), WCM (Wright's Cryptophyte Medium), BG-11 (Blue Green Algal) was
monitored during 14 days in incubation. At the end of the try has been found the highest growth in 3N-BBM
culture medium with a mean cell counting of 355 cells/ml, and the lowest growth in WCM culture medium
with a mean cell counting of 86 cells/ml. As a result of in this try has been determined that the culture medium
enriched with nitrogen (N) is effective positive impact on growing of Scenedesmus spp

Keywords: BBM, 3N-BBM, WCM, BG-11 Medium, Scenedesmus spp.

GIRiS

Mikroalgler, fenotipik 6zellikleri bakimindan tek hiicreli ve
¢ok hiicreli yapida olabilen, ototrofik veya heterotrofik
Ozelliklerde, fotosentez yapabilen basit mikroskobik
canlilardir (Plaza, 2008). Mikroalglerde aktif bir hareket
g6zlenmez, suyun hareketi ile hareket edebilen organizmalar
olup gergek bir embriyoya, c¢icek sapma, kokiine ve
yapraklarina sahip degildirler. Bu canlilar fotosentez yoluyla
giines 15181, suyu ve CO2’i kullanarak ihtiyaglart olan

@®®§ o Atatiirk Universitesi Alabalik Dergisi

biyokiitleyi sentezlerler. Genel olarak mikroalglerin bilesimi
COo.48H1.83N0.11P0.02°dir (Xu, 2014). Mikroalglerin kuru
hiicre agirliklarinin yaklasik %7-23’iinii yaglar, %5-23"{inii
karbohidratlar ve %6-52’sini proteinler olugturmaktadir (Zhu,
2015).

Mikroalgler degerli molekiillerin kaynagi ve kimyasal
bilesimleri (yag asitleri, proteinler, pigmentler, stabil
izotoplar vb.) nedeniyle yetistirilmeleri yayginlasmaktadir.
(Brown, 1997). Bunun yani swra kisa siirede kolay
yetistirilebilmeleri ve gevre dostu yenilenebilir bir kaynak
olmasi yoniinden de mikroalglerin ¢ok sayida ticari
uygulamasi vardir. Basta gida, tibbi, nutrasotik ve kozmetik
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endiistrilerindeki uygulamalarda kullanimlar1  agisindan
oldukga kiymetlidir (Del Campo et al., 2000; Mimouni, 2012;
Guedes, 2013).

Mikroaglerin birgok tiirli doymamis yag asitleri, yiliksek
protein, B-karoten, pigment ve vitamin iceriklerinden dolay1
gida ham ve katki maddesi olarak da kullanilagelmektedir
(Soletto et al., 2005). Insanlar tarafindan besinsel kullanimlar1
2000 yi1l 6ncesine kadar uzanmaktadir ki kitlik sirasinda
Cinlilerin hayatta kalmak icin Nostoc, Arthrospira Spirulina
ve Aphanizomenon tiirlerini igeren bazi mavi-yesil algleri
tiikettikleri bilinmektedir (Jensen, 2001).

Su driinleri yetistiriciliginde o6nemli bir rol oynayan
mikroagler aym1 zamanda ¢iflik hayvanlarinin  yem
formiilasyolarda besin degerini arttirmak i¢in

kullanilmaktadir (Becker, 2013; Borowitzka, 1997; Stolz,
2005).

Mikroalg Yetistirme Ortannin Ozellikleri

Mikroalgler bulunduklari ortam ile etkilesim halindedirler.
Isik, pH, sicaklik ve besinler mikroalglerin etkilendigi en
6nemli ortam parametreleridirler (Tablo 1). Uygun Gretim
ortamimin saglanabilmesi i¢in bu kriterlerin optimum
seviyede olmasi dnem arz etmektedir. Bu ortam parametreleri
sadece fotosentezi ya da lirlin verimliligi etkilemez aymi
zamanda hicresel biyokimyasal kompozisyonunu da
etkilemektedirler (Richmond, 2004). Mikroalg Uretimine etki
eden faktorler asagida siralanmustir: 1. Sicakhk: Sicaklik
alglerin hiicre boyutunu, biiylime hizini, gerekli besinleri ve
biyokimyasal bilesimini en ¢ok etkileyen faktorlerden biridir.
Maksimum sicaklikta biiylime hizi, sicaklik ile artmasina
ragmen bazi1 tiirlerde Dbelirgin bir sekilde diisiis
goriilebilmektedir. Mikroalglerin ¢ogu 16-27°C arasindaki
sicakligr tolere edebilirler. 16°C’den diigiik sicakliklar
mikroalglerin iiremelerini yavaslatirken; 35°C’den yiiksek
sicakliklar ise genellikle mikroalgler igin 6ldiricu etkiye
sahiptir (Juneja et al., 2013). 2. Isik: Alglerin blyime
evresinde kullandiklari bir enerji kaynagidir. Algler organik
bilesikleri; 6zellikle de sekeri CO2’ye doniistiirmek i¢in enerji
kaynag1 olarak kullanmaktadirlar. Bu yiizden 151k algler i¢in
biiyiimede elzem bir etkendir. Alglerin biiylime hizlar1 ve lipit
iretimleri  aydmlatma  diizeyine  gore  degisiklik
gosterebilmektedir (Blair et al., 2014). 3. pH: Spesifik olarak
her tiiriin gelisebilmesi igin belli bir pH araligi bulunmasina
ragmen, genellikle pH 7 ile 9 aralig1 alglerin gelismeleri igin
uygun olmaktadir. Alglerde pH degeri genelde besin alimiyla
dogrudan iliski igerisindedir. Ortamda karbondioksit ve nitrat
bulunmas1 pH’y1 yiikseltirken, amonyak ortamin pH’sim
diistirmektedir (Rashid et al., 2013). 4. Tuzluluk: Tuzluluk
(NaCl), alg hiicrelerinin biyokimyasal yapisini etkileyen
onemli bir diger faktordiir. Yapilan caligmalarda alglerin
dogal yasamlarindan daha ¢ok ya da daha az tuzlu ortamlarda
bliylime hizlarinin ve hiicre bilesiminin  degistigini
gostermistir. Ayrica tuz stresine maruz kalan alglerin lipid
iceriklerinin de artti§1 goriilmiistir (Zhila et al., 2011;
Fabregas et al., 1984). 5. Havalandirma/Karistirma:
Karigtirma, genellikle alglerin sedimentasyonunu &nlemek
icin kullanilmasinin yani sira sicaklik ve 15181 tim kdltiir
icerisinde yayilmasini, kiiltlir ortaminda optimum seviyede
tutulmasinda ve sicakligin ve 1s18in hiicrelere esit olarak
dagilmast i¢in de uygulanmaktadir. 6. Besinler:

Mikroalglerin Gremesinde gerekli olan besinler; makro ve
mikro elementler ve vitaminlerdir. Yapilan bazi ¢alismalarda
alg kiiltiir ortamlarinda en az 56 elementin var oldugunu
bildirmislerdir. Bu elementlerden bazilari fosfor (P), azot (N),
kobalt (Co), nikel (Ni), potasyum (K), kiikirt (S), kalsiyum
(Ca), sodyum (Na), magnezyum (Mg) gibi fizyolojisinin
temelini olusturmaktadir ve metabolik faaliyetler i¢in gerekli
olan elementlerdir. Azot stresine maruz kalan alglerde lipid
dretiminin daha fazla oldugu, biiylime ortaminda azot
bulunan mikroalglerin ise monogliserit ile digliseritleri daha
fazla trettigini tespit etmislerdir (Becker, 1995; Jayasankar
and Polywal, 2000; Sukatar, 2002; Richmond, 2004). Azot,
alglerde niikleik asitlerle proteinlerin olusumunda gorev alan
temel element olup; mikroalglerin biitiin islevsel ve yapisal
proteinlerinin temel bilesenini olusturur (Hu, 2008).

Tablo 1. Mikroalg kilturiine etki eden parametreler igin
genellestirilmis degerler (Coutteau, 1996)

Parametreler Arahk Optimum
degerler degerler
Sicaklik (°C) 16-27 18-24
Tuzluluk (g/L) 12-40 20-24
Isik yogunlugu (lux) 1,000-10,000 2,500-5,000
(hacim ve
yogunluga
baglidir)
Fotoperiyot 16:8 (minimum)
(aydinhk:karanhk,saat) 24:0
(maksimum)
pH 7-9 8,2-8,7

Scenedesmus fizyolojik 6zellikleri

Biyoteknolojik c¢alismalarda sikg¢a kullanilan Scenedesmus
cinsi Chlorophyta (Yesil Algler) bolimi, Chlorophycea
grubu ve Chlorococcales takiminin bir iiyesidir (Sekil 1).
(Phinyo, 2017). Scenedesmus genel goriniisii mekik
bi¢cimindedir. Bazilar1 tek ve bazilar1 da 2, 4, 8§ veya 16’1
hiicrelerden olusmaktadir. Scenedesmus’un temel formu dort
hiicreden olusan basit bir koloni seklindedir (Trainor, 1996).
Her hucrede 1 kromatafor, 1 cekirdek ve 1 pirenoid
bulunurken, hiicrede goz ve kame¢1 yoktur.

Bitki

B&IGm-
’ Chlorophyta ‘
’ Sumf- ‘
I

‘ Alem —

Chlorophyceae

Takim-
L Chlorococcales

Aile-
Scenedesmaceae
Cins-

Scenedesmus

Sekil 1. Scenedesmus spp. smiflandiriimasi
Biyoteknolojik ¢aligmalar 6zellikle Scenedesmus, Chlorella,

ve Dunaliella cinslerine ait tiirler {izerine yapilmaktadirlar
(Ben-Amotz and Avron, 1983). Ayrica Scenedesmus cinsi
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tiyeleri indikator organizma olarak limnolojik ¢alismalar ile
Su  yOnetimi  arastirmalarinda da  kullanilmaktadir.
Scenedesmus herbivor zooplanktonlar icin iyi bilinen yem
kaynag1 oldugu deneylerle kanitlanmistir (Demirel, 2006).
Bunla birlikte protein igeriginin zenginliginden dolay: gida
maddesi olarak da kullanilmaktir (Borowitzka, 1991; Gliner
and Aysel, 2006).

Scenedesmus  kiiltiir ortamindan direkt etkilenmektedir.
Kiltir ortamindaki degisimler Scenedesmus tiirlerinde
fizyolojik ve morfolojik degisime neden olmaktadir. Ornegin;
1. Isikli ortam ve azalan basing altinda Hz olustururken;
karanlik ortamlarda organik maddeden Hz ve CO2 Urlinlerini
olusturmaktadir. 2. Kiiltiir ortamlarinda azot, fosfor ve
potasyum eksikliginde sekonder karotenoidleri (ksantsantin,
astaksantin)  olugmaktadir. 3.  Jelatini  sivilastiric
ekstraselliiler proteazi serbest birakmaktadir (Demirel, 2006).
Bu ¢aligmada, farkli kiiltiir ortamlarinin Scenedesmus spp.

biyokiitlesine etkisi arastirtlarak  Scenedesmus  spp.
biliyimesini  arttiracak ~ kiiltlir ~ortaminin  belirlenmesi
amaglanmustir.

MATERYAL VE METOT
Scenedesmus spp.

Hiicre sekli oval-ig, eliptik olup; hiicre 3,5-9 um eninde ve 7-
21 um boyundadir. Scenedesmus spp. 4 hiicre uzun kenarlar

Table 2. Bold's Basal Medium (Andersen, 2005).

boyunca diizgiince yan yana gelmistir. Scenedesmus spp.
hicresinde 1 adet kromotofor, pirenoid ve gekirdek bulunur.
Kamg1 bulunmaz (Sekil 2).

2560

SRS &
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Sekil 2. Scenedesmus spp.
Deney Ortam

Bu ¢alismada, Scenedesmus spp. dort farkli (BBM, 3N-BBM,
WCM, BG-11 M) Kkiiltiir ortaminda yetistirilmigtir. Kiiltiir
ortamlarina iliskin bilgiler asagida sunulmustur (Tablo 2,
Tablo 3, Tablo 4, Tablo 5). Biitiin kiiltiir ortamlar1 otoklavda
sterilizasyon islemine tabi tutulmustur.

Bilesen Stok soliisyonu Kullamlan Miktar
(g/L saf su)
NaNO; 25,00 10 mL
CaCl, 2H,0O 2,50 10 mL
MgSO, 7TH,O 7,50 10 mL
K,;HPO4 7,50 10 mL
KH,PO4 17,50 10 mL
NaCl 2,50 10 mL
Alkaline EDTA Cozeltisi ImL
EDTA 50,00
KOH 31,00
Asitlenmis Demir Cozeltisi ImL
FeSO, 7TH,O 4,98
H,SO4
Boron Cozeltisi 1mL
H;BO; 11,42
Iz Metal Soliisyon ImL
ZnS0,.7H,0 8,82
MnCl,. 4H,0O 1,44
MoO; 4,93
CuSO4 SHzo 1,57
Co(NO;), 6H,O 0,49
Tablo 3. 3N-Bold Basal Medium (Andersen, 2005).
Bilesen Stok Soliisyon Kullanilan Miktar
(g/400mL saf su)
NaNO; 10,00 30 mL
CaCl,-2H,0 1 10 mL
MgSO,-7H,0 3 10 mL
KH2PO4 7 10 mL
NaCl 1 10 mL



https://www.scirp.org/(S(czeh2tfqyw2orz553k1w0r45))/reference/ReferencesPapers.aspx?ReferenceID=1580560

iz Metal Soliisyon 6 mL
Na,EDTA<2H,0 0,75
FeCl;3+6H,0O 0,097
MnCl,.4H,0 0,041
ZnCL,.7H,0 0,005
CoCl,.6H,0 0,002
Na,MoO,. 6H,0 0,004
Soilwater: GR+ Medium 40 mL
CaCOs 1
Sera topragi 2000
Vitamin B12 ImL
HEPES tampon ¢6zelti pH 7,8 2,4
Cyanocobalamin 0,027
Biotin Vitamin Solution ImL
HEPES tampon ¢ozelti pH 7,8 2,4
Biotin 0,005
Thiamine Vitamin Soliisyon ImL
HEPES tampon ¢6zelti pH 7,8 2,4
Thiamine 0,067
Tablo 4. WC Medium (Andersen, 2005).
Bilesen Stok soliisyon Kullamlan Miktar
(g/L saf su)
Gliserin - 500 mg
Tris - 500 mg
NaNO; 85,01 1mL
CaCl, - 2H,0 36,76 I mL
MgSO, - TH,O 36,97 I mL
NaHCO; 12,60 1mL
Na,SiO; - 9H,0 28,42 1mL
KzHPO4 8,71 1 mL
iz Element Metal Soliisyon* 1 mL
Na,EDTA - 2H,0 - 436¢g
FeCl; - 6H,O - 3,15g
CuSO4 N 5H20 10 1 mL
ZnS0, - TH,O 22 1 mL
CoCl, - 6H,0O 10 1 mL
MnCl, - 4H,0 180 I mL
N32M004 N 2H20 6 1 mL
H3BO3 - 1 g
Vitamin Soliisyon* 1 mL
Thiamine - HCI (vitamin B1) - 100 mg
Biotin (vitamin H) 0,5 1 mL
Cyanocobalamin (vitamin B12) 0,5 1 mL
Tablo 5. BG-11 Medium (Andersen, 2005).
Soliisyon Stok soliisyonii Kullamlan Miktar
(g/L saf su)
Fe sitrat cozeltisi 1 ml
Sitrik asit 6 1ml
Ferrik Ammonium sitrat 6 Iml
NaNO; - 15¢g
K2HPO4 * 3H20 40 1ml
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MgSO, - TH,0 75 1ml
CaCl, ‘- 2H,0 36 Iml
Na,CO; 20 1ml
MgNa,EDTA - H,O 1,0 1ml
iz Element Metal Soliisyon* 1ml
H;BOs 2,860 g
MnCl, - 4H,0O 1,810 g
ZI’ISO4 - 7Hzo 0,220 g
CuSO; - SH,O 79 1 mL
Na,MoO;, - 2H,0 0,391 g
Co(NOs), - 6H,0 49,4 1 mL

Scenedesmus spp. Kiiltiir Ortami

Dogadan izole edilen Scenedesmus spp. ilk olarak 100 mL’lik
erlenmayerlere alinarak 25 °C’de, 3200 lux aydinlatmali ve
110 rpm’de inkiibatorde (JRS Lab 32 marka) 16:8 saat
gundiiz-gece fotoperiyodunda gelisimi saglanmistir. Deneme
Atatiirk Universitesi Su Uriinleri Fakiiltesi’nde bulunan Alg
Unitesi’ndeki (Sekil 3) 250 mL’lik erlenmayerlere

aktartlmistir (Bold, 1949; Bischoff and Bold, 1963). Her bir
grup 3’er tekerriirlii yapilmigtir. Deneme slresi olan 14 gin
boyunca sadece CO; verilmistir. Oda sicakligi Arcelik marka
klima ile 25 °C’ye ayarlanmistir. Aydinlatma igin sicak-soguk
beyaz floresan lambalar kullanilmistir. Karistirma islemi
hava motoruna bagli hava taslarinin yardimi ile saglanmustir.

Sekil 3. Alg iinitesi fotografi
Hiicre Sayim

Scenedesmus spp. hiicre sayiminda thoma lami kullanilmig ve
1/3 oraninda seyreltilmis 6rnekler 14 giin boyunca her giin 2
tekrarlt olacak sekilde sayillmistir. Thoma laminda ml’de
bulunan hiicre sayisinin hesaplanmasinda asagida gosterilen
formiilden yararlanilmigtir:

Hiicre sayisi (adet/ml) =A x SF x10000

Burada; A: 16 karede sayilan mikroorganizma sayisi, SF:
Seyreltme Faktorii ve 1000 ise mm¥iin g¢evrilmesinde
kullanila sabit sayidir.

Spesifik Bityiime Hizi (i)

Scenedesmus spp.” nin spesifik biiyiime hizi asagidaki
formiillerden hesaplanmustir (Esitlik 1 ve Esitlik 2).

Esitlik 1 (Cirik and Gokpinar, 1999):

u=1/(t1-10). (3,332). (logX/X0)

Burada; p= Spesifik biiyiime hiz1 (giin™?)
t1 ve t0 = Zaman birimi (gun)
x ve X0 = Hiicre say1s1 (adet/ml)
Esitlik 2 (Duygu, 2019);
u=In(X2-InX1)/t
Burada; w: Spesifik biiyiime hiz1 (giin™?)
Xlve X2: Hiicre sayist (adet/ml)
t= Zaman birimi (giin)

Verilerin degerlendirilmesi

Analizden elde edilecek bulgularm istatistiki agidan
onemlerinin degerlendirilmesinde IBM SPSS 20 Software
programu kullanilmistir. Gruplara bagl degisimini incelemek
icin One-Way (ANOVA) kullanilmig olup; 6nemli olan

gruplar arasindaki &nem dizeyi DUNCAN testiyle
karsilastirilmigtir.
BULGULAR VE TARTISMA

Bu calismada, Erzurum il siirlari igerisindeki dogal ve yapay
gbllerden izole edilen Scenedesmus spp. gelisimine farkl
kiiltiir ortamlarinin etkisi arastirtlmistir. Calisma 14 giin
boyunca devam etmistir. Deneme gruplari arasindaki fark
istatistiksel olarak ©6nemli bulunmustur (p<0,05). Bu
arastirmada, 3N-BBM ortamu diger kiiltiir ortamlar ile
kiyaslandiginda ortalama 355 adet/ml hiicre sayist ile en iyi
gelisimin saglandig kiiltiir ortami1 olmustur.

Bu kiiltiir ortamini BG-11 kiiltiir ortam1 180 adet/ml ile takip
etmistir. Scenedesmus spp. gelisimi en az WC kiiltiir
ortaminda tespit edilmistir (Tablo 6). Scenedesmus Spp.
pH’nmn 6,4’de sabit tutuldugu, anaerobik olarak sindirilmis
mezbaha atik suyunda gelisimi arastirilmis ve yaz aylarinda
yetistirilen alg kiiltiirleri, kisin yetistirilenlere gore 2,3-2,7 kat
daha yiiksek biyokiitle verimliligine sahip oldugunu
bildirmiglerdir (Shayesteh et al., 2023).

Scenedesmus quadricauda'nin LC Oligo kiiltiir ortaminda
biyokiitle gelisimi arastirildigi diger bir ¢alismada ise bu
kiiltir ortamina ilk kullanimdan sonra ya nitrojen (N) ve
fosfor (P) ya da ortam bilesimindeki tiim besin maddeleri
eklenmis; ¢alisma sonunda tiim besin maddelerinin eklendigi
kiiltir ortaminda hiicre sayisinda artis gozlendigini
saptamislardir (Rocha et al., 2015).

Bu calismada 3N-BBM gelisimi en disik gelisimin
gozlemlendigi kiiltlir ortamindan yaklasik 3 kat daha fazla
biyokiitle verimliligine sahip oldugu bulunmustur.
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Tablo 6. Scenedesmus spp. hiicre sayisinin kiiltiir ortamlari
ve giine bagl degisimi (n=4)

Hiicre sayisi (adet/ml, 10%)

wcC* BBM 3N-BBM BG-11
Medium
Giin
1 104 10Am 10A™ 10A™
2 12Cl 1 1 Dm 20B] 461\1
3 27k 32¢ 605¢ 787k
4 43Ph 589 10249 938
5 30D 57¢k 186™ 875
6 36 79¢ 34240 1208
7 52D 91" 3904¢ 1898
8 85Pf 111Ce 43242 2005f
9 93De 130¢¢ 426"° 2258¢
10 1044 128¢f 4014 2705
11 134P¢ 168 4007 20880
12 190 165P° 3904¢ 2965¢
13 1926 160P¢ 3704e 2965
14 189 156 37541 3018

**A,B,C,D:.Biiylik harfler ayn1 giin igerisindeki kiiltiir
ortamlar1 arsindaki farki gostermektedir ve aymi satir
icerisindeki fakli biiyiikk harfi tasiyan kiiltiir ortamlari
arasindaki fark istatistiki olarak 6nemlidir (p<0,05).

a, b,c,d... Kilguk harfler her bir kiiltiir ortamu i¢in giinler
arasi farki gostermektedir ve ayni siitundaki farkli kiigiik harf
tastyan giinler arasindaki fark istatistiki olarak onemlidir
(p<0,05).

WC kiltir ortaminda gelistirilen ~Scenedesmus  spp.
hiicrelerin sayimlart ilk kez 24 saat sonunda thoma laminda
mikroskop altinda yapilmistir. Sayimin 4. giiniinde hiicre
sayis1 hizli sekilde artmustir ancak ilerleyen giinlerde artis hiz1
daha yavas sekilde olmustur. 8. giiniinden sonra logaritmik
bir artis gozlemlenmigtir. Maksimum hiicre sayisina 12.
ginde (190 x104 adet/ml) ulasilmigtir. 12. giinden sonra
duragan fazda kalmistir (Sekil 4).

BBM ortaminda Scenedesmus spp. gelisimi 4. giinden sonra
baslamis; 6. giinden 11. giine kadar dogrusal olarak artig
gostermistir. Maksimum hiicre sayisina 11. giinde (168 x 104
adet/ml) ulagilmistir. 11. gliinden sonra durgun faza gegmistir
(Sekil 4).

Scenedesmus spp. gelisimi 3N-BBM ortaminda en iyi sonucu
vermistir. Bu kiiltiir ortaminda lag faz1 4 giin siirmiistiir. Log
faz1 hizli ve yogun gelisim gostererek 8. giinde tamamlanmus
ve en yiiksek degere (430 x104 adet/ml) ulasilmistir. Diger
giinlerde her ne kadar artis ve azaliglar gosterse de durgun
fazda kalmistir (Sekil 4).

Arastirma periyodu boyunca ikinci iyi gelisimi saglayan
kiiltiir ortam1 BG-11 Medium’dur. Bu kiiltiir ortaminda lag
fazi 1 giin siirmiis ve 2. Giinden itibaren log fazina ge¢mistir.
Log faz1 11 giin siirmiis ve en yiiksek hiicre sayisi olan 300 X
104 adet/ml degerine ulasmigtir. Daha sonra durgun fazda
deneme sonlandirilmistir (Sekil 4). 3-NBBM kiiltiir ortamu ile
karsilastirildiginda daha uzun siire gelisim olmasina ragmen
hiicre sayist olarak bu besiyerinden 1,2 kat daha az gelisim
tespit edilmistir.

WC Medium
g 100
0
1 1
G
Bold's Basal Medium
180000
160000
140000
E 120000
]
)
< 100000
2 80000
4
S 60000
o
40000
20000
0
1 2 3 4 s 6 7 8 9 10 11 12 1 14
Gun
3N- Bold Basal Medium
0000
)
4 6 £ 9 10 11 12 13 14
Giin
BG-11 Medium D

Gin

Sekil 4. Farkli kiiltiir ortamlarinda Scenedesmus spp. gelisim
faz grafigi (A: WCM, B: BBM, C:3N-BBM, D:BG-11).
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Scenedesmus spp. basta biyodizel ¢aligmalar1 (Matusanaga et
al., 2009; Garcia-Moscoso et al., 2013; Yang et al., 2020)
olmak iizere bir ¢ok arastirmada en fazla kullanilan
mikroalgdir. Bu ¢aligmalarda en 6nemli sorun Scenedesmus
spp.’nin hiicre gelisiminin siirdiiriilebilir olmasidir. Bu
nedenle fakli kiiltiir kosullar1 denenmektedir (Mandal and
Mallick, 2009; Baydas, 2010; Xin et al., 2010; Xin et al.,
2011; Agirman, 2015; Liu, 2016; Coban, 2019; Kar, 2019;
Kurusakiz, 2020; Ozalin, 2020).

Bu aragtirmada, Scenedesmus spp. spesifik biityiime hizi WC
medium icin 0,20 giin-1, BBM i¢im 0,19 giin-1, 3N-BBM i¢in
0,21 gin-1 ve BG-11 medium ig¢in 0,12 gin-1 olarak
hesaplanmgtir (Tablo 7). Scenedesmus spp. uygulanan kulttr
ortamlarinin spesifik biiylime hizina etkisi istatistiksel olarak
Onemli bulunmugtur (p<0,05). Scenedesmus spp.’nin giinlere
bagl spesifik biiyiime hiz1 degisimi sekil 5’de verilmistir.
WC, BBM ve BG-11 kiiltiir ortamlarinda 5. giinde spesifik
biiyiime gerilemis ve daha sonra tekrar artis tespit edilmistir.
3N BBM ise devamli bir artis saptanmis ancak 9. giinden
sonra negatif biiyiime gézlemlenmis olmasina ragmen giinliik
en yiiksek spesifik biiylime hizina bu kiiltiir ortaminda
rastlanilmustir.

me Hizi (g

Spesifik Biiyil

Sekil 5. Scenedesmus spp. spesifik biiyiime hizinin giinlere
bagl degisimi.

Tablo 7. Scenedesmus spp. farkli kiiltiir ortamlarinin spesifik
biiyiime hizi, hiicre sayilari (ORT+SD)

Besin Hiicre sayist | Sapesifik Biiyiime Hiz1
Ortamn | (adet/ml, 10%) (saat™)

0. gln 14. glin
wcC 10,25+1,26 189,25+0,50 0,53
BBM 10,25+1,26 155,75+0,50 0,43
3N- 10,25+1,26 374,750,50 1,09
BBM
BG-11 10,25+1,26 301+0,00 0,87

Duygu (2019) Scenedesmus obliquus’a 7 fakli kiiltiir ortami
(Bold Wynne, Knop, Prat, Yagojinski, KANMW, KINMW,
BENMW ve OBNMW) uygulamast yapmus kiiltiir
ortamlarinin en biiyilik ve en kiigiik spesifik biiylime hizlari
sirastyla 0,018 saat-1 ve 0,007 saat-1 olarak hesaplamiglardir.

Bu ¢aligmamamizda en yiiksek ve en diisiik spesifik biiyiime
hizit 1,09 saat-1 ve 0,43 saat-1 olarak saptanmustir. Kiiltiir
ortamlarinda azot eklenmesinin ayni cins {lizerindeki spesifik
biiytime hizin1 arttirdigini sdyleyebiliriz.

SONUGC

Sonug olarak Scenedesmus spp. hiicre gelisimine kiiltir
ortamindaki azot (N) oranin arttirilmasinin hiicre sayisini
pozitif yonde etki ettigi tespit edilmistir. Deneme siiresi
boyunca hiicre sayisinin 3N-BBM Kkiiltiir ortaminda en fazla
oldugu saptanmustir. Mikroalgler ticari olarak birgok alanda
kullanilmaktadir ve mikroalg Kkiiltlirlerinde en Onemli
sorunlardan birisi diizenli ve hizli gelisim gostermelerinin
istenmesidir. Bu ¢alisma ile Scenedesmus spp. hiicre gelisimi
icin en uygun kiiltlir ortamu degerlendirilmistir. Gelecekte bu
caligmalarin farkli kiiltir ortam denemeleri ile devam
etmesinin yani swra hem hiicre gelisimini tetikleyen
mekanizmalarin  ortaya konulmast hem de hiicre
organellerindeki degisimi ortaya koyacak hiicre genetigi
caligmalarinin yapilmasi tavsiye edilmektedir.

CIKAR CATISMASI BEYANI:

Makale yazarlar1 aralarinda herhangi bir ¢ikar catigmast
olmadigimi beyan ederler.
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