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Abstract: Leek is an economical and healthy plant species. It contains rich dietary fibers, amino acids, bioactive compounds that increase its antioxidant
capacity and more than 20 different fatty acids. It is rich in potassium, iron and selenium and can be used as a valuable source for microalgae cultivation. For
impotance of leek, this study investigated the biomass production of Chlorella vulgaris microalgae species with leek leaf waste. To obtain the leek extract to
be used for the experiment, leek leaves were dried in an oven at 40 °C and crushed in a mortar and pestle and filtered. Leek leaves were first dissolved with
10 ml DMSO (Dimethylsulfoxide) to 0.1 g/L and diluted with distilled water to a final volume of 100 ml. Chlorella vulgaris was exposed to leek extract
concentrations of 0.01, 0.025, 0.05, 0.1 and 1.0 g/L for 72 hours and BG-11 enrichment medium was used in the control group. According to the data obtained,
when leek leaves were used in the cultivation of C. vulgaris microalgae, a very high increase of 160% was observed at a concentration of 0.05 g/L compared
to BG-11 enrichment medium. However, in the group where leek leaves were used completely, 64% increase was observed compared to the control group.
This study proved that C. vulgaris have significant potential for food industries and the biocompost of vegetables is a suitable medium for microalgae cultivation.
This study has proven that the use of vegetable wastes is suitable for obtaining a culture with high biomass of C. vulgaris microalgae, which has been used
intensively in different areas of the food industry, and that leek wastes in particular provide high biomass growth. Therefore, the lower concentration of leek
served as the best medium to increase the growth and biomass of C. vulgaris. This study proves that costs can be reduced and sustainable effective culture
techniques can be used in microalgae culture by using vegetable wastes such as leek waste, which provides high biomass growth even at low concentrations.
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0Oz: Pirasa ekonomik ve saglikli bir bitki tiiriidir. Zengin diyet lifleri, amino asitler, antioksidan kapasitesini artiran biyoaktif bilesikler ve 20'den fazla farkli yag
asidi icerir. Potasyum, demir ve selenyum agisindan zengindir ve mikroalg yetistiriciliginde degerli bir kaynak olarak kullanilabilir. Bu calismada, pirasa yaprak
atiklari ile Chlorella vulgaris mikroalg tirlerinin biyokiitle Uretiminin arastirimasi amaglanmistir. Deneyde kullanilacak pirasa ekstraktini elde etmek igin pirasa
yapraklari 40 °C'de bir firnda kurutuldu ve bir havan ve tokmakla ezilerek siiziildi. Pirasa yapraklari 6nce 10 ml Dimetilsiilfoksit ile 0,1 g/L'ye kadar ¢ézildl
ve damitilmis su ile son hacim 100 ml'ye kadar seyreltildi. C. vulgaris 0.01, 0.025, 0.05, 0.1 ve 1.0 g/L pirasa ekstrakti konsantrasyonlarina 72 saat stireyle
maruz birakilmis ve kontrol grubunda BG-11 zenginlestirme ortami kullaniimistir. Elde edilen verilere gére, pirasa yapraklari C. vulgaris yetistiriimesinde
kullanildiginda, 0.05 g/L konsantrasyonda BG-11 zenginlestirme ortamina gére %160 gibi gok yliksek bir artig gézlenmistir. Ancak pirasa yapraklarinin
tamamen kullanildigi grupta kontrol grubuna gére %64 oraninda artis gozlenmistir. Bu ¢alisma, gida endistrisinde farkli alanlarda yogun olarak kullaniimaya
baslanan C. vulgaris tiriiniin yogun biyokitleye sahip kiiltir elde edilmesinde sebze atiklarinin kullanilmasinin uygun oldugunu ve 6zellikle pirasa atiklarinin
yliksek biyokutle artisini imkan sagladigini kanitlamistir. Bu calisma disiik konsantarasyon da dahi yiksek biyokiitle artisini saglayan pirasa atigi gibi bitkisel
atiklarin mikro alg kiltiriinde kullanilarak maliyetlerin disurilebildigini ve sirdirtlebilir etkili kiilttr tekniklerinin kullanilabilirligini ispatlamaktadir.

Anahtar kelimeler: Allium ampeloprasum, fitoplankton, biyokiitle, su Uriinleri yetistiriciligi, geri dontisiim, tarimsal atik

INTRODUCTION

Global energy consumption is largely powered by 87% of
energy from fossil fuels, which are major contributors to
greenhouse gas emissions and climate change. Therefore,
energy production from renewable biological sources is
important for energy security and environmental sustainability.
Reliance on alternative energy sources can increase energy
security by stabilizing economic fluctuations. Biomass-based
renewable biofuels can be produced from sources such as
energy crops, forestry residues and agricultural wastes derived
from traditional biomass (Singh et al., 2014). Global challenges
such as food security, population growth and environmental
pressures require the development of new processes for the
utilization of industrial food waste to provide social and
economic benefits for the development of global sustainable
agriculture (Goula and Lazarides 2015; Wang et al., 2017).

Today, the consumption of vegetables and agricultural
products is increasing due to the increasing importance of
vegetarian diets. The FAO (Food and Agriculture Organization
of the United Nations) estimates the amount of agricultural
waste at over 60%. The utilization of powders obtained from
fruit waste as a new method has recently attracted the attention
of many researchers (Bhandari et al., 2013; Karam et al., 2016;
Neacsu et al., 2015). Similarly, Bas-Bellver et al. (2020)
produced powders from vegetable waste (carrot, leek, celery
and cabbage) and used them as functional food additives.

Leek (Allium ampeloprasum) is an economically important
plant species of the Amaryllidaceae family. It is widely
distributed throughout the Middle East, Russia and the
Mediterranean Basin. World leek production has increased
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steadily since 2001. Turkey, the leading country in Europe in
leek production, has an annual production of over 200,000 mmt
tons (Celebi-Toprak and Alan, 2021).

Leek is a good source of carbohydrates, protein, fat, dietary
fiber and a high source of the minerals. The carbohydrate and
protein composition available ranges from 0.5-16.60 and 1.5-
2.19/100 g. The amino acids (Najda et al., 2016), organic acids
and phytochemicals are present in higher amount and increase
the positive health effects (Shelke et al., 2020). The edible
parts of leeks contain more than 20 different fatty acids such
as linoleic, palmitic, oleic and a-linolenic acids. Leek plant,
which is a source of Ca (30.24-81.7 mg/100 g) and Fe (0.20-
2.1 mg/100 g), has also been reported to be rich in Mg (10-28
mg/100 g), Na (5-54.6 mg/100 g), P (35 mg/100 g) and Cu
(0.06-0.30 mg/100 g) elements. (Garcia-Herrera et al., 2014).
In addition, leek showed that antibacterial properties against
many bacteria, viruses and fungi. (Shelke et al., 2020). Due to
the widespread production of leek worldwide and its rich
nutritional content, it attracts attention in terms of utilization of
agricultural industry wastes. However, there are limited studies
on the recycling of leek wastes and the effects of nutrient content.

Microalgae are living organisms with significant potential in
areas such as biotechnology and sustainable energy
production. Researchers have recognized the importance of
algae for the green bioeconomy, considering their functions in
the environment and their potential for commercial use that
reduces dependence on land-based fossil fuel products
(Ahmad et al., 2020; Peter et al., 2022).

In a study, it was found that the use of compost mixture
provided higher biomass concentration compared to Chlorella
vulgaris cultivation in culture media (Chew et al., 2018). Tekin et
al. (2021) used carrot pulp as agricultural waste and investigated
the effects of carrot pulp on biodiesel production of Chlorella
vulgaris microalgae. According to the data the biodiesel produced
with carrot pulp complies with international standards used for
biodiesel production. In addition, the performance of biodiesel
production with microalgae cultivation by utilizing the wastes of
the palm oil producing plant was also examined and it was
reported that these wastes can also be used (Cheah et al., 2018).

The aim of this study was to investigate the potential of
using the unused leaf parts of the leek plant, both during and
after harvest, as enrichment in the culture medium of the
microalgae species Chlorella vulgaris. Microalgae cultivation is
an important field in terms of biomass production, biofuel
production and environmental sustainability, and the use of
waste products has great potential in this process. The results
will help us to better understand the impression of leek green
waste on microalgae cultivation. It will also contribute to waste
management by promoting a sustainable approach.

MATERIALS AND METHODS
Preparation of leek extract

The leek leaves to be used for the experiment were first
dried in an oven at 40 °C, then crushed in a porcelain mortar

and filtered. Leek leaves were first dissolved with 10 ml DMSO
(Dimethylsulfoxide) to a value of 0.1 g/L and diluted with pure
water to a final volume of 100 ml. During the hot-air drying, a
laboratory oven (Nuve FN 400P/500P) was used at 40°C for
12 h. Leek wastes were sliced and dried at 40°C on a basket
in a laboratory oven with an air speed of 2.5 m/s (£0.03 m/s)
and an adjustable temperature (+1°C) (Doymaz, 2008). Thus,
the risk of DMSO-induced inhibition was minimized. The
dilutions in which the experiment was performed and the
amounts added are shown in Table 1.

Tablo 1. Dilutions made in experiments and amounts added

Dilution Phytoplankton Culture  Leek Extract  Chlorella
Groups (g/L) Media (BG11) (ml) (ml) Culture (ml)
Control Group 18 0 0,2
0,01 1,782 0,018 0,2
0,025 1,755 0,045 0,2
0,05 1,71 0,09 0,2

0,1 1,62 0,18 0,2

1 0 1,8 0,2

Cell culture and microalgae media

In the Ecotoxicology laboratory at the Faculty of Fisheries,
Ege University, the test organism was cultured Chlorella
vulgaris using BG-11 medium (OECD, 2011) (Turan and Cakal
Arslan, 2023). Prior to the experiment, a pre-culture was
established and incubated at a temperature of 25+1°C. The
initial cell concentration in the test cultures was approximately
4-5x10+ cells/mL for Chlorella vulgaris. The experiments were
carried out in 24-well plate containers with a final volume of 2
ml and 3 repetitions. Samples were exposed to a photoperiod
of 14:10 (Light: Dark) hours under constant illumination at
around 2000 lux, while being agitated at 100 rpm. Cell density
was measured at 24, 48 and 72 hour time points on a Biontech
plate reader at 660 wavelength (Turan and Cakal Arslan,
2023).

Determining the growth rate

Microalgae growth rate was performed in accordance with
the OECD 201 standard (OECD, 2011). At 0 and 72 hours, cell
count data were evaluated based on growth rate as described
in standard protocols.

The mean specific growth rate (u), the logarithmic increase
in biomass for each control and experimental groups, was
calculated as follows,

Hi-j= Inx;- Inxi/ti-ti (day)

yij: the average specific growth rate from i to j;

Xi: biomass at time i,

Xj: biomass at time j,

The SPSS software was used for probit analysis and the
statistical significance of the data on growth rates was
compared with controls using ANOVA with the assistance of

the SPSS program (Ozdamar, 1999). The cell number
averages among the different culture media tested were
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compared using one-way ANOVA testing The level of
significance considered for all the analyses was P<0.05. t-test.

RESULTS

Nutrients, carbon dioxide and light are important
contributors to sustain microalgae growth. Among nutrients,
especially nitrogen is an important source to increase
microalgae biomass (Hsieh and Wu, 2009). In order to examine
the effect of leek extract on the growth rate of C. wulgaris,
different concentrations (0.01, 0.025, 0.05, 0.1 g/L) were
diluted with nutrient media. According to the data obtained in
the study, when leek extract was used in the cultivation of C.
vulgaris microalgae, a very high increase of 160% was
observed at a concentration of 0.05 g/L compared to the
conventional enrichment medium used in the control group. In
the group using purely leek extract, an increase of 64% was
observed compared to the control group, but not as large as in
the groups containing 0.05 g/L and lower leek extract (Figure
1). It is thought that the reason why C. vulgaris increases its
growth rate and cell density at a concentration of 0.05 g/L (50
mg/L) is due to the amount of nitrogen and ammonium. At low
concentrations, it is not sufficient for the increase of algal
biomass, and above 0.005, it has a restrictive effect. This
depends on the tolerance of the species. It turns out that this is
the ideal amount of leek waste for the growth and biomass
increase of this species.
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Figure 1. The effect of leek extract on the growth rate of C. vulgaris
DISCUSSION

Microalgae need to be produced in a high quality and
sustainable manner, both for food supplements and biofuels.
For this purpose, the use of agricultural wastes should be
investigated and suitable ones should be combined with
enrichment media to reduce costs and increase
environmentally friendly production processes.

Chew et al. (2018) examined the specific growth rate of C.
vulgaris by mixing BG-11 and compost media in different ratios.
According to the results, the highest specific growth rate was
measured in the combination of 75% organic compost + 25%
culture medium. C. vulgaris grown in 75% compost content
was found to increase by 19% compared to the control group.
In our study, the highest growth rate was observed at 0.05 g/L,
which corresponds to 4.5% of the proportional content of leek
extract. Although the percentage of leek extract in the culture

medium is low, the 160% increase compared to the control
group shows that the nutrient content of leek extract is richer.
In terms of nitrogen compounds, algae tend to prefer
ammonium over nitrate, and wastewater with high ammonium
concentrations promotes rapid algal growth. However,
ammonium requirements vary depending on the algae. Chlorella
and Scenedesmus sensivity range reported as 30 to 300 mg/L
NH4+-N (Kligerman and Bouwer, 2015; Cai et al., 2013).

Tekin et al. (2021) used carrot pulp hydrolysate to increase
the biomass production of C. vulgaris to produce biodiesel. For
this reason, C. vulgaris were grown in BG-11 medium
containing carrot pulp at concentrations of 0.25, 0.5, 1 and 2
g/L. It was determined that the addition of 0.5 g/L carrot pulp
caused a 1.38-fold higher increase in growth compared to
photoautotrophic conditions. When we compared the growth of
C. wulgaris with carrot pulp, which is 10 times more
concentrated than our study with leek extract, the increase rate
values were close. These results revealed that leek extract,
which is present at lower concentrations in the medium than
carrot pulp, is more effective in the growth rate of C. vulgaris.

For sustainable environment, Microalgae feedstock is
suitable for biodiesel production. However, microalgae
biomass has higher biomass productivity compared to
terrestrial feedstock production in bioenergy production.
However, microalgae production does not have a sufficient
market share due to its high-cost production technology
(Chung et al., 2017). In order to reduce the high costs of
microalgae cultivation, studies on cost-effective and efficient
biomass production have increased in recent years (Ak et al.,
2013; Benas and Ak, 2022; Cheirsilp et al., 2023; Zhu et al.,
2022). According to our study that leek, an agricultural waste,
increased the growth rate of microalgae at certain values. The
findings suggest that leek waste, traditionally viewed as a
byproduct with limited utility, can serve as a valuable resource
in the cultivation of microalgae. By converting agricultural
waste into a nutrient source, not only is the environmental
burden of waste disposal mitigated, but we also pave the way
for enhanced production of microalgae. In the light of the
results, we think that the use of leek waste in microalgae
cultivation will contribute to sustainable microalgae production,
reducing resource waste and contributing to green technology
for environmental protection.

Leek, which we used in the study, is an important and
economic crop widely cultivated in our country and especially
in our region. Leek leaves remain as waste in large quantities
during and after harvesting. Therefore, utilization of waste leek
leaves will contribute to sustainable agriculture. In addition, it
is thought to be economically beneficial by reducing the use of
chemicals used in microalgae cultivation.

CONCLUSION

In our study, Chlorella vulgaris was exposed to leek extract
concentrations of 0.01, 0.025, 0.05, 0.1 and 1.0 g/L for 72
hours. According to the results obtained, a very high increase of
160% was observed at a concentration of 0.05 g/L compared to
the enrichment medium. However, the growth rate of C. vulgaris
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was 64% in the group with only leek extract in the medium.

This study showed that leek has the potential to be used in
microalgae cultivation. With further analysis, the usability of
agricultural wastes in the cultivation of Chlorella vulgaris
species to be used in different fields of use can be revealed
more clearly. However, if it is to be used for this purpose, some
further research (nutrient analysis, heavy metal and pesticide
residue analysis in leaves, etc.) must be carried out.

ACKNOWLEDGEMENTS AND FUNDING

The study was supported by Izmir ISTEK Schools.
AUTHORSHIP CONTRIBUTIONS

Koray Benas: Conceptualization, resources, investigation,

REFERENCES

Ahmad, M.T., Shariff, M., Md. Yusoff, F., Goh, Y.M., & Banerjee, S. (2020).
Applications of microalga Chlorella vulgaris in aquaculture. Reviews in
Aquaculture, 12(1), 328-346. https://doi.org/10.1111/raq.12320

Ak, 1., Oguz, M., Benas, K., & Goksan, T. (2013). Cost-effective production of
Arthrospira  (Spirulina) platensis. Journal of Food, Agriculture &
Environment, 11(3-4), 1521-1525.

Bas-Bellver, C., Barrera, C., Betoret, N., & Segui, L. (2020). Turning agri-food
cooperative vegetable residues into functional powdered ingredients for
the food industry. Sustainability, 12(4), 1284. https://doi.org/10.3390/su
2041284

Benas, K., & Ak, I. (2022). Effect of different led light sources on growth and
pigment composition of Dunaliella salina Teodoresco (Chlorophyceae).
COMU Journal of Marine Sciences and Fisheries, 5(1), 19-25.
https://doi.org/10.46384/jmsf.1023978

Bhandari, B., Bansal, N., Zhang, M., & Schuck, P. (2013). Handbook of food
powders. Handbook of Food Powders: Processes and Properties.
Woodhead Publishing Limited. https://doi.org/10.1533/9780857098672

Cai, T., Park, S.Y., &Li, Y. (2013). Nutrient recovery from wastewater streams
by microalgae: status and prospects. Renewable and Sustainable Energy
Reviews, 19, 360-369.

Celebi-Toprak, F., & Alan, A.R. (2021). Genetic Improvement of Leek (Allium
ampeloprasum L.). Advances in Plant Breeding Strategies: Vegetable
Crops: Volume 8: Bulbs, Roots and Tubers, 51-97.

Cheah, W.Y., Show, PL., Juan, J.C., Chang, J.S., & Ling, T.C. (2018).
Enhancing biomass and lipid productions of microalgae in palm oil mill
effluent using carbon and nutrient supplementation. Energy Conversion
and Management, 164, 188-197. https://doi.org/10.1016/j.enconman.201
8.02.094

Chew, K.W., Chia, S.R., Show, P.L., Ling, T.C., Arya, S.S., & Chang, J.S.
(2018). Food waste compost as an organic nutrient source for the
cultivation of Chlorella vulgaris. Bioresource Technology, 267, 356-362.
https://doi.org/10.1016/}.biortech.2018.07.069

Cheirsilp, B., Maneechote, W., Srinuanpan, S., & Angelidaki, |. (2023).
Microalgae as tools for bio-circular-green economy: Zero-waste
approaches for sustainable production and biorefineries of microalgal
biomass. Bioresource Technology, 129620. https://doi.org/10.1016/}.bior
tech.2023.129620

Chung, Y.S., Lee, JW. & Chung, C.H. (2017). Molecular challenges in
microalgae towards cost-effective production of quality biodiesel.
Renewable and Sustainable Energy Reviews, 74, 139-144.
https://doi.org/10.1016/).rser.2017.02.048

Doymaz, I. (2008). Drying of leek slices using heated air. Journal of Food
Process Engineering, 31(5), 721-737.

Garcia-Herrera, P., Morales, P., Fernandez-Ruiz, V., Sanchez-Mata, M.C.,
Camara, M., Carvalho, AM., Ferreira, I.C., Pardo-de-Santayana, M.,
Molina, M., & Tardio, J. (2014). Nutrients phytochemicals and antioxidant

methodology, writing-reviewing and editing. Muhammet Ali
Karaaslan:  Conceptualization,  resources,  investigation,
methodology, writing-reviewing, formal analysis. Ozlem Cakal
Arslan; Conceptualization, resources, methodology, investigation.

CONFLICTS OF INTEREST

The authors declare that there are no conflicts of interest
or competing interests.

ETHICS APPROVAL
No specific ethical approval was necessary for the study.
DATA AVAILABILITY

All relevant data is inside the article.

activity in wild populations of Allium ampeloprasum L., a valuable
underutilized vegetable. Food Research International, 62, 272-279.
https://doi.org/10.1016/j.foodres.2014.03.004

Goula, A.M., & Lazarides, H.N. (2015). Integrated processes can turn industrial
food waste into valuable food by-products and/or ingredients: The cases
of olive mill and pomegranate wastes. Journal of Food Engineering, 167,
45-50. https://doi.org/10.1016/}.jfoodeng.2015.01.003

Hsieh, C.H., & Wu, W.T. (2009). Cultivation of microalgae for oil production
with a cultivation strategy of urea limitation. Bioresource Technology,
100(17), 3921-3926. https://doi.org/10.1016/).biortech.2009.03.019

Karam, M.C., Petit, J., Zimmer, D., Djantou, E.B., & Scher, J. (2016). Effects
of drying and grinding in production of fruit and vegetable powders: A
review.  Joumal of  Food  Engineering, 188,  32-49.
https://doi.org/10.1016/}.jfoodeng.2016.05.001

Kligerman, D.C., & Bouwer, E.J. (2015). Prospects for biodiesel production
from algae-based wastewater treatment in Brazil: A review. Renewable
and Sustainable Energy Reviews, 52, 1834-1846.

Najda, A., Blaszczyk, L., Winiarczyk, K., Dyduch, J., & Tchérzewska, D. (2016).
Comparative studies of nutritional and health-enhancing properties in the
“garlic-like” plant Allium ampeloprasum var. Ampeloprasum (GHG-L) and
A. sativum. Scientia Horticulturae, 201, 247-255. https://doi.org/10.1016/
j.scienta.2016.01.044

Neacsu, M., Vaughan, N., Raikos, V., Multari, S., Duncan, G.J., Duthie, G.G.,
& Russell, W. R. (2015). Phytochemical profile of commercially available
food plant powders: Their potential role in healthier food reformulations.
Food Chemistry, 179, 159-169. https://doi.org/10.1016/j.foodchem.2015.
01.128

OECD. (2011). OECD Guidelines for the testing of chemicals. Freshwater alga
and cyanobacteria, growth inhibition test. Organisation Economic
Cooperation Development, 1-25.

Ozdamar, K. (1999). Statistical data analysis with package programs. Kaan
Publication. (in Turkish).

Peter, AP., Tan, X,, Lim, J.Y., Chew, KW., Koyande, AK., & Show, P.L.
(2022). Environmental analysis of Chlorella vulgaris cultivation in large
scale closed system under waste nutrient source. Chemical Engineering
Journal, 433, 134254. https://doi.org/10.1016/j.ce}.2021.134254

Shelke, P.A., Rafig, S.M., Bhavesh, C., Rafiq, S.I., Swapnil, P., & Mushtaq, R.
(2020). Leek (Allium ampeloprasum L.). Antioxidants in Vegetables and
Nuts-Properties and Health Benefits, 309-331. https://doi.org/10.1007/97
8-981-15-7470-2_16

Singh, M., & Das, K.C. (2014). Low cost nutrients for algae cultivation. Algal
Biorefineries: Volume 1: Cultivation of cells and products, 69-82.

Tekin, N., Ergorunli, B., Karatay, S.E., & Ddnmez, G. (2021). Enhanced lipid
accumulation of Chlorella vulgaris with agricultural waste under optimized
photoheterotrophic conditions. Biomass Conversion and Biorefinery, 1-12.

319


https://doi.org/10.1111/raq.12320
https://doi.org/10.3390/su12041284
https://doi.org/10.3390/su12041284
https://doi.org/10.46384/jmsf.1023978
https://doi.org/10.1533/9780857098672
https://doi.org/10.1016/j.enconman.2018.02.094
https://doi.org/10.1016/j.enconman.2018.02.094
https://doi.org/10.1016/j.biortech.2018.07.069
https://doi.org/10.1016/j.biortech.2023.129620
https://doi.org/10.1016/j.biortech.2023.129620
https://doi.org/10.1016/j.rser.2017.02.048
https://doi.org/10.1016/j.foodres.2014.03.004
https://doi.org/10.1016/j.jfoodeng.2015.01.003
https://doi.org/10.1016/j.biortech.2009.03.019
https://doi.org/10.1016/j.jfoodeng.2016.05.001
https://doi.org/10.1016/j.scienta.2016.01.044
https://doi.org/10.1016/j.scienta.2016.01.044
https://doi.org/10.1016/j.foodchem.2015.01.128
https://doi.org/10.1016/j.foodchem.2015.01.128
https://doi.org/10.1016/j.cej.2021.134254
https://doi.org/10.1007/978-981-15-7470-2_16
https://doi.org/10.1007/978-981-15-7470-2_16

Potential of leek (Allium ampeloprasum) waste for microalgae Chlorella vulgaris cultivation: A preliminary evaluation

Turan, D., & Gakal Arslan, 0. (2023). Investigation of toxic effects of BPA and accounting. Resources, Conservation and Recycling, 117, 114-124.
BPA analogues (BPS and BPAF) on Spirulina sp., Desmodesmus https://doi.org/10.1016/j.resconrec.2016.11.009
subspicatus and Chlorella vulgaris. Ege Journal of Fisheries and Aquatic Zhu. C... Ji. Y.. Du. X.. Kon ; ;
; T . ,C.,Ji,Y., Dy, X.,Kong, F., Chi, Z., & Zhao, Y. (2022). A smart and precise
Sciences, 40(4), 286-291. https://doi.org/10.12714/egejfes.40.4.07 mixing strategy for efficient and cost-effective microalgae production in
Wang, X., Li, Z,, Long, P., Yan, L., Gao, W., Chen, Y., & Sui, P. (2017). open ponds. Science of the Total Environment, 852, 158515.
Sustainability evaluation of recycling in agricultural systems by emergy https://doi.org/10.1016/}.scitotenv.2022.158515

320


https://doi.org/10.12714/egejfas.40.4.07
https://doi.org/10.1016/j.resconrec.2016.11.009
https://doi.org/10.1016/j.scitotenv.2022.158515

	Ahmad, M.T., Shariff, M., Md. Yusoff, F., Goh, Y.M., & Banerjee, S. (2020). Applications of microalga Chlorella vulgaris in aquaculture. Reviews in Aquaculture, 12(1), 328-346. https://doi.org/10.1111/raq.12320
	Ak, İ., Oğuz, M., Benas, K., & Göksan, T. (2013). Cost-effective production of Arthrospira (Spirulina) platensis. Journal of Food, Agriculture & Environment, 11(3-4), 1521-1525.
	Bas-Bellver, C., Barrera, C., Betoret, N., & Seguí, L. (2020). Turning agri-food cooperative vegetable residues into functional powdered ingredients for the food industry. Sustainability, 12(4), 1284. https://doi.org/10.3390/su12041284
	Benas, K., & Ak, I. (2022). Effect of different led light sources on growth and pigment composition of Dunaliella salina Teodoresco (Chlorophyceae). COMU Journal of Marine Sciences and Fisheries, 5(1), 19-25. https://doi.org/10.46384/jmsf.1023978
	Bhandari, B., Bansal, N., Zhang, M., & Schuck, P. (2013). Handbook of food powders. Handbook of Food Powders: Processes and Properties. Woodhead Publishing Limited. https://doi.org/10.1533/9780857098672
	Cai, T., Park, S.Y., & Li, Y. (2013). Nutrient recovery from wastewater streams by microalgae: status and prospects. Renewable and Sustainable Energy Reviews, 19, 360-369.
	Celebi-Toprak, F., & Alan, A.R. (2021). Genetic Improvement of Leek (Allium ampeloprasum L.). Advances in Plant Breeding Strategies: Vegetable Crops: Volume 8: Bulbs, Roots and Tubers, 51-97.
	Cheah, W.Y., Show, PL., Juan, J.C., Chang, J.S., & Ling, T.C. (2018). Enhancing biomass and lipid productions of microalgae in palm oil mill effluent using carbon and nutrient supplementation. Energy Conversion and Management, 164, 188-197. https://do...
	Chew, K.W., Chia, S.R., Show, P.L., Ling, T.C., Arya, S.S., & Chang, J.S. (2018). Food waste compost as an organic nutrient source for the cultivation of Chlorella vulgaris. Bioresource Technology, 267, 356-362. https://doi.org/10.1016/j.biortech.2018...
	Cheirsilp, B., Maneechote, W., Srinuanpan, S., & Angelidaki, I. (2023). Microalgae as tools for bio-circular-green economy: Zero-waste approaches for sustainable production and biorefineries of microalgal biomass. Bioresource Technology, 129620. https...
	Chung, Y.S., Lee, J.W., & Chung, C.H. (2017). Molecular challenges in microalgae towards cost-effective production of quality biodiesel. Renewable and Sustainable Energy Reviews, 74, 139-144. https://doi.org/10.1016/j.rser.2017.02.048
	Doymaz, I. (2008). Drying of leek slices using heated air. Journal of Food Process Engineering, 31(5), 721-737.
	García-Herrera, P., Morales, P., Fernández-Ruiz, V., Sánchez-Mata, M.C., Cámara, M., Carvalho, A.M., Ferreira, I.C., Pardo-de-Santayana, M., Molina, M., & Tardío, J. (2014). Nutrients phytochemicals and antioxidant activity in wild populations of Alli...
	Goula, A.M., & Lazarides, H.N. (2015). Integrated processes can turn industrial food waste into valuable food by-products and/or ingredients: The cases of olive mill and pomegranate wastes. Journal of Food Engineering, 167, 45-50. https://doi.org/10.1...
	Hsieh, C.H., & Wu, W.T. (2009). Cultivation of microalgae for oil production with a cultivation strategy of urea limitation. Bioresource Technology, 100(17), 3921-3926. https://doi.org/10.1016/j.biortech.2009.03.019
	Karam, M.C., Petit, J., Zimmer, D., Djantou, E.B., & Scher, J. (2016). Effects of drying and grinding in production of fruit and vegetable powders: A review. Journal of Food Engineering, 188, 32-49. https://doi.org/10.1016/j.jfoodeng.2016.05.001
	Kligerman, D.C., & Bouwer, E.J. (2015). Prospects for biodiesel production from algae-based wastewater treatment in Brazil: A review. Renewable and Sustainable Energy Reviews, 52, 1834-1846.
	Najda, A., Błaszczyk, L., Winiarczyk, K., Dyduch, J., & Tchórzewska, D. (2016). Comparative studies of nutritional and health-enhancing properties in the “garlic-like” plant Allium ampeloprasum var. Ampeloprasum (GHG-L) and A. sativum. Scientia Hortic...
	Neacsu, M., Vaughan, N., Raikos, V., Multari, S., Duncan, G.J., Duthie, G.G., & Russell, W. R. (2015). Phytochemical profile of commercially available food plant powders: Their potential role in healthier food reformulations. Food Chemistry, 179, 159-...
	OECD. (2011). OECD Guidelines for the testing of chemicals. Freshwater alga and cyanobacteria, growth inhibition test. Organisation Economic Cooperation Development, 1-25.
	Ozdamar, K. (1999). Statistical data analysis with package programs. Kaan Publication. (in Turkish).
	Peter, A.P., Tan, X., Lim, J.Y., Chew, K.W., Koyande, A.K., & Show, P.L. (2022). Environmental analysis of Chlorella vulgaris cultivation in large scale closed system under waste nutrient source. Chemical Engineering Journal, 433, 134254. https://doi....
	Shelke, P.A., Rafiq, S.M., Bhavesh, C., Rafiq, S.I., Swapnil, P., & Mushtaq, R. (2020). Leek (Allium ampeloprasum L.). Antioxidants in Vegetables and Nuts-Properties and Health Benefits, 309-331. https://doi.org/10.1007/978-981-15-7470-2_16
	Singh, M., & Das, K.C. (2014). Low cost nutrients for algae cultivation. Algal Biorefineries: Volume 1: Cultivation of cells and products, 69-82.
	Tekin, N., Ergörünlü, B., Karatay, S.E., & Dönmez, G. (2021). Enhanced lipid accumulation of Chlorella vulgaris with agricultural waste under optimized photoheterotrophic conditions. Biomass Conversion and Biorefinery, 1-12.
	Turan, D., & Çakal Arslan, Ö. (2023). Investigation of toxic effects of BPA and BPA analogues (BPS and BPAF) on Spirulina sp., Desmodesmus subspicatus and Chlorella vulgaris. Ege Journal of Fisheries and Aquatic Sciences, 40(4), 286-291. https://doi.o...
	Wang, X., Li, Z., Long, P., Yan, L., Gao, W., Chen, Y., & Sui, P. (2017). Sustainability evaluation of recycling in agricultural systems by emergy accounting. Resources, Conservation and Recycling, 117, 114-124. https://doi.org/10.1016/j.resconrec.201...
	Zhu, C., Ji, Y., Du, X., Kong, F., Chi, Z., & Zhao, Y. (2022). A smart and precise mixing strategy for efficient and cost-effective microalgae production in open ponds. Science of the Total Environment, 852, 158515. https://doi.org/10.1016/j.scitotenv...

