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ABSTRACT

Arthrospira sp. is considered a sustainable and completely natural microalgae-
based food supplement to solve nutritional diseases, specifically malnutrition. However,
both cultivation and harvesting methods for this microalgae takes up to 40% of energy
consumption. Therefore, this study is aimed at maximizing Arthospira platensis biomass
productivity under outdoor cultivation as well as propose safe and efficient harvesting
method using edible fungi. Results from data obtained by comparing three types of
photobioreactor (PBR) configurations conducted under indoor conditions demonstrated
that macrobubble column (MA-CP) showed the highest dry cell weight yield compared to
microbubble column (MI-CP) and airlift loop column (ALCP), with 0.536 = 0.044 g/L,
0.477 £0.034 g/L and 0.274 £ 0.014 g/L, respectively. Thus, based on this result, MA-CP
was carried out during the outdoor cultivation studies. Covered MA-CP showed a
comparable but steady growth compared to non-covered MA-CP due to limited exposure
of the microalgae to solar radiation. Whereas outdoor MA-CP PBRs resulted in
significantly higher growth compared to indoor MA-CP due to the influence of
temperature and light intensity. The result suggested that by taking advantage of
Malaysia's weather conditions, integration of solar panel systems for outdoor cultivation
of Arthrospira sp. in covered MA-CP is a viable and sustainable option. Meanwhile, a
promising harvesting technique via bioflocculation is recommended as an alternative to
conventional flocculation because of its simplicity and efficiency. In this study, Rhizopus
microsporus was locally isolated and demonstrated the highest harvesting efficiency
compared to other fungi. One-factor-at-time (OFAT) technique was used for the
preliminary screening of different factors including mycelia concentration, pH of mycelia
and temperature. The results were then applied in response surface methodology (RSM)
modelling for optimization through central composite design (CCD). The harvesting
efficiency (HE, %) for bioflocculation of A. platensis using R. microsporus was
maximized (65.89 + 2.795%) when 3.85% mycelial concentration (w/v) with initial pH of
2.5 at 38.8°C were used as the harvesting parameter conditions. Overall, the results
showed that the overall process is viable and economical when the outdoor cultivation
setup was integrated with solar panels as the system produced 2-fold biomass compared
to the indoor cultivation coupled with harvesting microalgae step via locally isolated fungi

as bioflocculant.
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ABSTRAK

Arthrospira sp. dianggap sebagai makanan tambahan berasaskan mikroalga yang
lestari untuk menyelesaikan penyakit pemakanan, khususnya malnutrisi. Namun begitu,
kaedah penumbuhan dan penuaian mikroalga ini memerlukan sehingga 40% penggunaan
tenaga. Oleh itu, tujuan kajian adalah untuk memaksimumkan produktiviti biojisim
Arthrospira sp. di bawah penumbuhan luar serta mencadangkan kaedah penuaian yang selamat
dan cekap dengan menggunakan kulat yang boleh dimakan. Hasil kajian dari data yang
diperolehi dengan berbandingkan tiga jenis konfigurasi fotobioreaktor (PBR) di bawah
keadaan tertutup telah menunjukkan bahawa reaktor buih-makro (MA-CP) menghasilkan
berat sel kering yang tertinggi berbanding dengan reaktor buih-mikro (MI-CP) dan reaktor
gelung pengangkutan udara (ALCP), dengan 0.536 + 0.044 g/L, 0.477 £ 0.034 g/L dan 0.274
+ 0.014 g/L, masing-masing. Oleh itu, reaktor MA-CP telah dijalankan semasa kajian
penumbuhan luar berdasarkan keputusan ini. MA-CP yang dilindungi menunjukkan
pertumbuhan yang setanding tetapi stabil, berbanding dengan MA-CP yang tidak dilindungi
kerana pendedahan terhad mikroalga kepada penyinaran suria. Manakala PBR MA-CP luar
menghasilkan pertumbuhan yang lebih tinggi berbanding dengan MA-CP tertutup kerana
pengaruh suhu dan kekuatan cahaya. Hasil kajian telah mencadangkan bahawa integrasi sistem
panel suria dalam MA-CP tertutup untuk penanaman luar Arthrospira sp. adalah sebuah
pilihan yang berdaya maju dan mampan dengan mengambil kesempatan keadaan cuaca
Malaysia. Sementara itu, teknik penuaian melalui bioflokulasi disarankan sebagai alternatif
kepada penggumpalan konvensional kerana kemudahan dan kecekapannya. Dalam kajian ini,
Rhizopus microsporus telah diasingkan daripada tempeh dan menunjukkan kecekapan
penuaian tertinggi semasa saringan. Teknik satu faktor pada suatu masa (OFAT) digunakan
untuk pemeriksaan awal faktor-faktor yang berbeza termasuk kepekatan miselium, pH
miselium dan suhu. Hasilnya kemudian digunakan dalam pemodelan kaedah rangsangan
permukaan (RSM) untuk pengoptimuman melalui reka bentuk komposit tengah (CCD).
Kecekapan penuaian (HE, %) untuk bioflokulasi A. platensis menggunakan R. microsporus
telah dimaksimumkan (65.89 + 2.795%) apabila kepekatan miselium (b/i) 3.85% dengan pH
awal 2.5 awal pada suhu 38.8°C digunakan sebagai syarat faktor penuaian. Secara
keseluruhan, hasil kajian menunjukkan bahwa kesuluruhan proses adalah berdaya maju dan
menjimatkan apabila penanaman luar disepadukan dengan panel suria kerana system ini
menghasilkan biojisim 2 kali ganda berbanding dengan penumbuhan tertutup, dan
digandingkan dengan langkah penuaian mikroalga melalui kulat tempatan sebagai

bioflokulan.
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CHAPTER 1

INTRODUCTION

1.1  Background of study

In recent years, photoautotrophic microalgae are widely recognised due to their
diverse yet significant natural values, particularly in healthcare, including
pharmaceuticals, cosmetics, and feedstock industries (Almomani, 2020; Kanchanatip
etal., 2016; Kumar et al., 2020). In this respect, the filamentous blue-green microalgae
called Arthrospira sp. has been addressed as a potent superfood and become one of the
most exploited microalgal species for nutraceutical purposes (Liestianty et al., 2019;
Saha & Murray, 2018; Soni et al., 2017). Since Arthrospira sp. or commonly known
as Spirulina contains an extraordinary proportion of protein components, this
microalgae has been proposed to alleviate malnutrition globally (Abed et al., 2016;
Matondo et al., 2016). In 2019, about 203 million children below five years old were
affected by undernutrition. In extreme cases, the deaths of 45% of children under 5
years old were associated with undernutrition (FAO et al., 2020; WHO, 2020). In
Malaysia, the indigenous community are the most affected ethnic group with severe
energy and protein undernutrition due to inaccessibility to expensive nutritious food
(Kamaruzaman et al., 2020; Khor & Shariff, 2019; Murtaza et al., 2019). Arthrospira
sp. is rich in nutrients, high digestibility, and presenting lesser difficulties in the
production compared to other food sources such as soy bean and beef (Masuda &
Chitundu, 2019; Mathur, 2018; Soni et al., 2017). Therefore, Arthrospira sp. is one of
the best food candidates in combatting against nutritional deficiencies which lead to
health problems including marasmus and marasmus-kwashiorkor (Kamaruzaman et
al., 2020; Khor & Shariff, 2019). Hence, from a research perspective, the cultivation
process should be optimised to produce low-cost Arthrospira sp. as a complete

supplement to meet the global market of malnourished people.
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Nevertheless, a low cost yet high productivity of microalgal biomass rarely can
be achieved, mainly due to the cultivating and harvesting system (Okoro et al., 2019).
Under outdoor cultivation, the growth and biomass productivity of Arthrospira sp. can
be quite concerning as the microalgal growth rate depends on the geographical
locations (de Jesus et al., 2018). On the other hand, the microalgal harvesting process
could incur 3-15% of the total production cost and may achieve 40% of the total energy
consumption for the entire process (Kanchanatip et al., 2016; Fasaei et al., 2018; Liber
et al., 2020). To solve this problem, bioflocculation as the harvesting technique has
been proposed as a more efficient (>90% efficiency) and feasible method due to cost-
effectiveness and sustainability compared to other flocculant and harvesting methods
(Matter et al., 2019). However, fungi as flocculant in large-scale flocculation is not
fully elucidated yet and may cause contamination to the harvested biomass, making it
unsuitable for consumption as it poses detrimental health risks (Nazari et al., 2020;
Yinetal., 2020). Economical cultivation and safe harvesting of Arthrospira sp. should
be studied in the local environment to ensure it could help local producers maximise
production and help the indigenous people process the supplement with a feasible

system to prevent malnutrition.

1.2 Problem statement

Since the last decade, Arthrospira sp. has been considered a sustainable and
completely natural supplement to nutritional diseases (Abed et al., 2016; Sinha et al.,
2018). However, the mass production of the nutritious compounds are highly depends
on the cultivation conditions, harvesting and drying methods (Aouir et al., 2017).
Although few studies demonstrate the cultivation under outdoor Malaysia tropical
climate, none of the articles has yet to economically cultivate and utilize the local
weather by integrating into a complete and cheap solar system. Consequently, the
Arthrospira sp. growth performances using this system to the surrounding local

physical environments have not been well understood.

Apart from the cultivation process, the efficiency of a harvesting method is also

affected by several factors, including the microalgal morphology (Cuellar-Bermudez
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et al., 2020). Among the methods established, a cost-effective and energy-efficient
method is flocculation. Nevertheless, the literature reports on using efficient yet
biodegradable and environmentally safe flocculant are limited (Luo et al., 2019). The
common flocculant is chemical as high efficiency can be achieved quickly despite the
toxicity and harmful effects on the culture (Singh & Patidar, 2018). As an alternative,
edible fungi is a safer flocculant for harvesting high-value microalgae without
affecting the end product (Kinyoki et al., 2020). However, there has yet enough
literature that report the optimized harvesting conditions to the local edible fungi.
Thus, the relation of the local cultivation of fungi based on the variable conditions to
the effectiveness of harvesting efficiency remains unclear due to the activity of
harvesting using mycelium fungi is highly dependable and correlated to their

cultivation process (Bhattacharya et al., 2017)

Besides, the optimization flocculation method assisted by fungi using response
surface methodology (RSM) is still lacking, thus hindering the evaluation of the
significance of interaction between a series of controllable experimental variables and
the experimental findings (Bai et al., 2015; Jaafari & Yaghmaeian, 2019). In this
regard, there is a need to investigate several parameters influencing the fungal
bioflocculation efficiency, simultaneously through RSM. By doing so, the highly
reliable data generated from this method would allow the interactions between the
variables and the response to be comprehended more precisely. In short, this study
aims to develop a cheap mass-cultivation system and harvesting via safe, efficient
edible fungi bioflocculation.

1.3 Objectives

The objectives of the research are :

@) To investigate the growth performances under indoor and outdoor conditions
of Arthrospira sp. cultivated in several 2 L photobioreactor including the

integration of solar panel system with different configurations and bubble sizes
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(b) To isolate, screen and identify potential local edible fungi for microalgal

harvesting

(c) To examine the optimized bioflocculation harvesting parameters of the
identified edible fungi on Arthrospira platensis using response surface
methodology (RSM)

1.4 Scope of study

This study covers the study of optimization in microalgal cultivation step to
study the growth performances of Arthrospira sp. using different 2 L photobioreactor
(PBR) systems including indoor and outdoor condition for biomass production.
Particularly, there were three different PBRs configurations and bubble sizes studied
indoor including macrobubble column (MA-CP), microbubble column (MI-CP) and
airlift loop column (ALCP). The best PBR contributing to the highest biomass was then
further carried out to be conducted under outdoor condition. There were two different
PBRs have been integrated with solar panel systems which were covered MA-CP and non-
covered MA-CP. Soon after, local edible fungi were isolated, screened and identified
with the best fungal strain as bioflocculant was selected for further investigation.
Lastly, the efficiency of the parameters studied for bioflocculation harvesting process
were screened using one-factor-at-time (OFAT) prior to the optimization using a
statistical method, response surface methodology (RSM). In this study, fungal
mycelium concentration (%, w/v), initial pH of fungal mycelium and temperature were
the parameters that have been subjected for both OFAT and RSM flocculation

optimization.

1.5  Significant of study

The aim of this study was to discover the optimized conditions for biomass
cultivation of Arthrospira sp. integrated with the solar system under outdoor

conditions while considering the environmental factors that would positively impact
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the production of a high-quality microalgae culture. The potential of using this solar
system is an alternative in sustainability than the lab-scaled systems as it may
economically lower the cost and more feasible to be applied. Apart from that, by
identifying edible fungi in Malaysia that can harvest Arthrospira sp., it would certainly
reduce the cost, time and conserve the byproduct of Arthrospira sp. during its
manufacturing stage. Edible fungi as a flocculant would be safe for environment and
human consumption which is the opposite effect of using chemical, toxic and harmful
flocculant. Furthermore, as the fungi itself may provide additional added value to the

final product hence, the consumer would acquire extra nutrients.

23



REFERENCES

Abed, E., Ihab, A., Suliman, E., & Mahmoud, A. (2016). Impact of Spirulina on
Nutritional Status, Haematological Profile and Anaemia Status in Malnourished
Children in the Gaza Strip: Randomized Clinical Trial. Maternal and Pediatric
Nutrition, 2(2). doi: 10.4172/2472-1182.1000110

Abomohra, A. E.-F., EI-Shouny, W., Sharaf, M., & Abo-Eleneen, M. (2016). Effect
of Gamma Radiation on Growth and Metabolic Activities of Arthrospira
platensis. Brazilian Archives of Biology and Technology, 59, 1-12. doi:
10.1590/1678-4324-2016150476

Adebayo-Tayo B. C. (2011). Optimization of growth conditions for mycelial yield
and exopolysaccharride production by Pleurotus ostreatus cultivated in Nigeria.
African Journal of Microbiology Research, 5(15). doi: 10.5897/ajmr11.328

Ahmad, A. L., Ismail, S., & Bhatia, S. (2005). Optimization of coagulation-
flocculation process for palm oil mill effluent using response surface
methodology. Environmental Science and Technology, 39(8), 2828-2834. doi:
10.1021/ES0498080

Alam, A., Vandamme, D., Chun, W., Zhao, X., Foubert, 1., Wang, Z., Muylaert, K.,
& Yuan, Z. (2016). Bioflocculation as an innovative harvesting strategy for
microalgae. Reviews in Environmental Science and Biotechnology, 15(4), 573—
583. doi: 10.1007/s11157-016-9408-8

Alipourzadeh, A., Mehrnia, M. R., Hallaj Sani, A., & Babaei, A. (2016). Application
of response surface methodology for investigation of membrane fouling
behaviours in microalgal membrane bioreactor: The effect of aeration rate and
biomass concentration. RSC Advances, 6(112), 111182-111189. doi:
10.1039/c6ra23188h

Almomani, F. (2020). Algal cells harvesting using cost-effective magnetic nano-
particles. Science of the Total Environment, 720, 137621. doi:
10.1016/j.scitotenv.2020.137621

Amara, A. A., & Steinblichel, A. (2013). New Medium for Pharmaceutical Grade
Arthrospira. International Journal of Bacteriology, 2013, 1-9. doi:
10.1155/2013/203432

101



Anggriawan, R., Dewi, R. S., Auliyati, M., Borzekowski, A., Maul, R., & Karlovsky,
P. (2015). Determination of Fungal Diversity in Indonesian Tempeh and Update
on Their Safety Status. 37th Mycotoxin Workshop 2015, 56-119.

Aouir, A., Amiali, M., Bitam, A., Benchabane, A., & Raghavan, V. G. (2017).
Comparison of the biochemical composition of different Arthrospira platensis
strains from Algeria, Chad and the USA. Journal of Food Measurement and
Characterization, 11(2), 913-923. doi: 10.1007/s11694-016-9463-4

Assuncao, J., & Malcata, F. X. (2020). Enclosed “non-conventional”
photobioreactors for microalga production: A review. Algal Research,
52(October). doi: 10.1016/j.algal.2020.102107

Azizi, K., Keshavarz Moraveji, M., Hassanzadeh, H., & Abedini Najafabadi, H.
(2018). Consideration of inclined mixers embedded inside a photobioreactor for
microalgae cultivation using computational fluid dynamic and particle image
velocimetry measurement. Journal of Cleaner Production, 195, 753-764. doi:
10.1016/J.JCLEPRO.2018.05.253

Bai, Y., Saren, G., & Huo, W. (2015). Response surface methodology (RSM) in
evaluation of the vitamin C concentrations in microwave treated milk. Journal
of Food Science and Technology, 52(7), 4647. doi: 10.1007/S13197-014-1505-5

Banerjee, S., & Ramaswamy, S. (2017). Dynamic process model and economic
analysis of microalgae cultivation in open raceway ponds. Algal Research, 26,
330-340. doi: 10.1016/J.ALGAL.2017.08.011

Barahoei, M., Hatamipour, M. S., & Afsharzadeh, S. (2020). CO2 capturing by
chlorella vulgaris in a bubble column photo-bioreactor; Effect of bubble size on
CO2 removal and growth rate. Journal of CO2 Utilization, 37, 9-19. doi:
10.1016/J.JC0OU.2019.11.023

Barros, A. I, Gongalves, A. L., Simdes, M., & Pires, J. C. M. (2015). Harvesting
techniques applied to microalgae: A review. Renewable and Sustainable Energy
Reviews, 41, 1489-1500. doi: 10.1016/j.rser.2014.09.037

Belay, A. (2013). Biology and Industrial Production of Arthrospira (Spirulina).
Handbook of Microalgal Culture: Applied Phycology and Biotechnology:
Second Edition, 339-358. doi: 10.1002/9781118567166.ch17

Bezerra, R. P., Matsudo, M. C., Sato, S., Perego, P., Converti, A., & Monteiro de
Carvalho, J. C. (2012). Effects of photobioreactor configuration, nitrogen source

and light intensity on the fed-batch cultivation of Arthrospira (Spirulina)

102



platensis. Bioenergetic aspects. Biomass and Bioenergy, 37, 309-317. doi:
10.1016/J.BIOMBIOE.2011.11.007

Bhattacharya, A., Mathur, M., Kumar, P., Prajapati, S. K., & Malik, A. (2017). A
rapid method for fungal assisted algal flocculation: Critical parameters &
mechanism insights. Algal Research, 21, 42-51. doi:
10.1016/j.algal.2016.10.022

Biloria, N., & Thakkar, Y. (2020). Integrating algae building technology in the built
environment: A cost and benefit perspective. Frontiers of Architectural
Research, 9(2), 370-384. doi: 10.1016/j.foar.2019.12.004

Borowitzka, M. A. (1999). Commercial production of microalgae: ponds, tanks,
tubes and fermenters. Journal of Biotechnology, 70(1-3), 313-321. doi:
10.1016/S0168-1656(99)00083-8

Bose, A., Oshea, R., Lin, R., & Murphy, J. D. (2021). Design, Commissioning, and
Performance Assessment of a Lab-Scale Bubble Column Reactor for
Photosynthetic Biogas Upgrading with Spirulina platensis. Industrial and
Engineering Chemistry Research, 60(15), 5688-5704. doi:
10.1021/acs.iecr.0c05974

Branyikova, I., Prochazkova, G., Potocar, T., Jezkova, Z., & Branyik, T. (2018).
Harvesting of microalgae by flocculation. Fermentation, 4(4), 1-12. doi:
10.3390/fermentation4040093

Casazza, A. A, Oliveira, R. P. de S., da Silva, M. F., Solisio, C., Farias, C. B. B.,
Sarubbo, L. A., & Converti, A. (2022). Arthrospira platensis Cultivation in a
Bench-Scale Helical Tubular Photobioreactor. Applied Sciences, 12(1311). doi:
10.3390/app12031311

Cerri, M. O., Baldacin, J. C., Cruz, A. J. G., Hokka, C. O., & Badino, A. C. (2010).
Prediction of mean bubble size in pneumatic reactors. Biochemical Engineering
Journal, 53(1), 12-17. doi: 10.1016/J.BEJ.2009.03.009

Chaiklahan, R., Chirasuwan, N., Srinorasing, T., Attasat, S., Nopharatana, A., &
Bunnag, B. (2022). Enhanced biomass and phycocyanin production of
Arthrospira (Spirulina) platensis by a cultivation management strategy: Light
intensity and cell concentration. Bioresource Technology, 343. doi:
10.1016/J.BIORTECH.2021.126077

Chaiklahan, R., Chirasuwan, N., Triratana, P., Loha, V., Tia, S., & Bunnag, B.

(2013). Polysaccharide extraction from Spirulina sp. and its antioxidant

103



capacity. International Journal of Biological Macromolecules, 58(2013), 73-78.
doi: 10.1016/j.ijbiomac.2013.03.046

Chang, J. S., Show, P. L., Ling, T. C., Chen, C. Y., Ho, S. H., Tan, C. H., Nagarajan,
D., & Phong, W. N. (2017). Photobioreactors. Current Developments in
Biotechnology and Bioengineering: Bioprocesses, Bioreactors and Controls,
313-352. doi: 10.1016/B978-0-444-63663-8.00011-2

Chen, J., Leng, L., Ye, C., Lu, Q., Addy, M., Wang, J., Liu, J., Chen, P., Ruan, R., &
Zhou, W. (2018). A comparative study between fungal pellet- and spore-
assisted microalgae harvesting methods for algae bioflocculation. Bioresource
Technology, 259(2018), 181-190. doi: 10.1016/j.biortech.2018.03.040

Choi, Y. N., Cho, H. U., Utomo, J. C., Shin, D. Y., Kim, H. K., & Park, J. M. (2016).
Efficient harvesting of Synechocystis sp. PCC 6803 with filamentous fungal
pellets. Journal of Applied Phycology, 28(4), 2225-2231. doi: 10.1007/S10811-
015-0787-Y/FIGURES/4

Converti, A., Lodi, A., Del Borghi, A., & Solisio, C. (2006). Cultivation of Spirulina
platensis in a combined airlift-tubular reactor system. Biochemical Engineering
Journal, 32(1), 13-18. doi: 10.1016/J.BEJ.2006.08.013

Costa, J. A. V., Freitas, B. C. B., Rosa, G. M., Moraes, L., Morais, M. G., &
Mitchell, B. G. (2019). Operational and economic aspects of Spirulina-based
biorefinery. Bioresource Technology, 292, 1-9. doi:
10.1016/j.biortech.2019.121946

Cristovéo, R. O., Gongalves, C., Botelho, C. M., Martins, R. J. E., Loureiro, J. M., &
Boaventura, R. A. R. (2015). Fish canning wastewater treatment by activated
sludge: Application of factorial design optimization: Biological treatment by
activated sludge of fish canning wastewater. Water Resources and Industry, 10,
29-38. doi: 10.1016/J.WRI.2015.03.001

Cuellar-Bermudez, S. P., Kilimtzidi, E., Devaere, J., Goiris, K., Gonzalez-Fernandez,
C., Wattiez, R., & Muylaert, K. (2020). Harvesting of Arthrospira platensis with
helicoidal and straight trichomes using filtration and centrifugation. Separation
Science and Technology (Philadelphia), 55(13), 2381-2390. doi:
10.1080/01496395.2019.1624573

Cui, J., Purton, S., & Baganz, F. (2021). Characterisation of a simple “hanging bag”
photobioreactor for low-cost cultivation of microalgae. Journal of Chemical
Technology and Biotechnology, 97, 608-619. doi: 10.1002/jctb.6985

104



Czemierska, M., Szcze$, A., & Jarosz-Wilkotazka, A. (2015). Purification of
wastewater by natural flocculants. Biotechnologia, 96(4), 272-278. doi:
10.5114/bta.2015.57731

Darvishmotevalli, M., Zarei, A., Moradnia, M., Noorisepehr, M., & Mohammadi, H.
(2019). Optimization of saline wastewater treatment using electrochemical
oxidation process: Prediction by RSM method. MethodsX, 6, 1101-1113. doi:
10.1016/J.MEX.2019.03.015

de Jesus, C. S., da Silva Uebel, L., Costa, S. S., Miranda, A. L., de Morais, E. G., de
Morais, M. G., Costa, J. A. V., Nunes, I. L., de Souza Ferreira, E., & Druzian, J.
I. (2018). Outdoor pilot-scale cultivation of Spirulina sp. LEB-18 in different
geographic locations for evaluating its growth and chemical composition.
Bioresource Technology, 256, 86-94. doi: 10.1016/j.biortech.2018.01.149

de la Jara, A., Ruano-Rodriguez, C., Polifrone, M., Assuncao, P., Brito-Casillas, Y.,
Wagner, A. M., & Serra-Majem, L. (2018). Impact of dietary Arthrospira
(Spirulina) biomass consumption on human health: main health targets and
systematic review. Journal of Applied Phycology, 30(4), 2403-2423. doi:
10.1007/s10811-018-1468-4

De Oliveira, M. A. C. L., Monteiro, M. P. C., Robbs, P. G., & Leite, S. G. F. (1999).
Growth and chemical composition of Spirulina maxima and Spirulina platensis
biomass at different temperatures. Aquaculture International, 7(4), 261-275.
doi: 10.1023/A:1009233230706

Delrue, F., Alaux, E., Moudjaoui, L., Gaignard, C., Fleury, G., Perilhou, A., Richaud,
P., Petitjean, M., & Sassi, J. F. (2017). Optimization of Arthrospira platensis
(Spirulina) growth: From laboratory scale to pilot scale. Fermentation, 3(4). doi:
10.3390/fermentation3040059

Demmig-Adams, B., & Adams, W. W. (2017). Photoinhibition. Encyclopedia of
Applied Plant Sciences, 1, 78-85. doi: 10.1016/B978-0-12-394807-6.00093-9

Denardi-Souza, T., Massarolo, K. C., Tralamazza, S. M., & Badiale-Furlong, E.
(2018). Monitoring of fungal biomass changed by Rhizopus oryzae in relation
to amino acid and essential fatty acids profile in soybean meal, wheat and rice.
CYTA - Journal of Food, 16(1), 156-164. doi: 10.1080/19476337.2017.1359676

Devi, S., Varkey, A., Sheshshayee, M. S., Preston, T., & Kurpad, A. V. (2018).
Measurement of protein digestibility in humans by a dual-tracer method.
American Journal of Clinical Nutrition, 107(6), 984-991. doi:

105



10.1093/ajcn/nqy062

Didar, Z., & Ferdosi-Makan, A. (2016). Bioflocculant production by different
microbial species and their potential application in dairy wastewater treatment. J
Adv Environ Health Res, 4(1), 18-24. http://jaehr.muk.ac.ir

Ding, N., Li, C., Wang, T., Guo, M., Mohsin, A., & Zhang, S. (2021). Evaluation of
an enclosed air-lift photobioreactor (ALPBR) for biomass and lipid biosynthesis
of microalgal cells grown under fluid-induced shear stress. Biotechnology and
Biotechnological Equipment, 35(1), 139-149. doi:
10.1080/13102818.2020.1856717/SUPPL_FILE/TBEQ A 1856717 _SM6395.
PDF

Ding, Y. D., Zhao, S., Liao, Q., Chen, R., Huang, Y., & Zhu, X. (2016). Effect of
CO2 bubbles behaviors on microalgal cells distribution and growth in bubble
column photobioreactor. International Journal of Hydrogen Energy, 41(8),
4879-4887. doi: 10.1016/J.1IJHYDENE.2015.11.050

Ding, Y. D., Zhao, S., Zhu, X, Liao, Q., Fu, Q., & Huang, Y. (2016). Dynamic
behaviour of the CO2 bubble in a bubble column bioreactor for microalgal
cultivation. Clean Technologies and Environmental Policy, 18(7), 2039-2047.
doi: 10.1007/S10098-016-1189-9

Duan, Y., & Shi, F. (2014). Bioreactor design for algal growth as a sustainable
energy source. In Reactor and Process Design in Sustainable Energy
Technology (pp. 27-60). Elsevier B.V. doi: 10.1016/B978-0-444-59566-
9.00002-8

FAO, IFAD, UNICEF, WFP, & WHO. (2020). The State of Food Security and
Nutrition in the World 2020 : Transforming Food Systems For Affordable
Healthy Diets. In IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing. Food and Agriculture Organization of the
United Nations (FAO).

Fasaei, F., Bitter, J. H., Slegers, P. M., & van Boxtel, A. J. B. (2018). Techno-
economic evaluation of microalgae harvesting and dewatering systems. Algal
Research, 31, 347-362. doi: 10.1016/j.algal.2017.11.038

Feng, Y., Li, C., & Zhang, D. (2011). Lipid production of Chlorella vulgaris cultured
in artificial wastewater medium. Bioresource Technology, 102(1), 101-105. doi:
10.1016/j.biortech.2010.06.016

Ferrazzano, G. F., Papa, C., Pollio, A., Ingenito, A., Sangianantoni, G., & Cantile, T.

106



(2020). Cyanobacteria and Microalgae as Sources of Functional Foods to
Improve Human General and Oral Health. Molecules (Basel, Switzerland),
25(21), 1-17. doi: 10.3390/molecules25215164

Ferruzzi, M. G., & Blakeslee, J. (2007). Digestion, absorption, and cancer
preventative activity of dietary chlorophyll derivatives. In Nutrition Research
(Vol. 27, Issue 1, pp. 1-12). Elsevier. doi: 10.1016/j.nutres.2006.12.003

Frisvad, J. C., Mgller, L. L. H., Larsen, T. O., Kumar, R., & Arnau, J. (2018). Safety
of the fungal workhorses of industrial biotechnology: update on the mycotoxin
and secondary metabolite potential of Aspergillus niger, Aspergillus oryzae, and
Trichoderma reesei. In Applied Microbiology and Biotechnology (Vol. 102,
Issue 22, pp. 9481-9515). Springer Verlag. doi: 10.1007/s00253-018-9354-1

Fu, J., Huang, Y., Liao, Q., Xia, A., Fu, Q., & Zhu, X. (2019). Photo-bioreactor
design for microalgae: A review from the aspect of CO2 transfer and
conversion. Bioresource Technology, 292, 121947. doi:
10.1016/J.BIORTECH.2019.121947

Furmaniak, M. A., Misztak, A. E., Franczuk, M. D., Wilmotte, A., Waleron, M., &
Waleron, K. F. (2017). Edible cyanobacterial genus Arthrospira: Actual state of
the art in cultivation methods, genetics, and application in medicine. Frontiers
in Microbiology, 8(DEC), 1-21. doi: 10.3389/fmich.2017.02541

Gbémez-Camacho, C. E., Mollea, C., Mazzarino, I., Ruggeri, B., & Bosco, F. (2022).
Repurposing Tempeh Fermentation: a Promising Protein Source Using Food
Residues and Edible Filamentous Fungi. Chemical Engineering Transactions,
93, 37-42. doi: 10.3303/CET2293007

Grobbelaar, J. U. (2007). Photosynthetic characteristics of Spirulina platensis grown
in commercial-scale open outdoor raceway ponds: What do the organisms tell
us? Journal of Applied Phycology, 19(5), 591-598. doi: 10.1007/S10811-007-
9172-9/

Gultom, S. O., & Hu, B. (2013). Review of microalgae harvesting via co-
pelletization with filamentous fungus. Energies, 6(11), 5921-5939. doi:
10.3390/en6115921

Hartanti, A. T., Rahayu, G., & Hidayat, I. (2015). Rhizopus Species from Fresh
Tempeh Collected from Several Regions in Indonesia. HAYATI Journal of
Biosciences, 22(3), 136-142. doi: 10.1016/j.hjb.2015.10.004

Hayes, M., & Bleakley, S. (2017). Algal Proteins: Extraction, Application, and

107



Challenges Concerning Production. Foods, 6(33), 1-34. doi:
10.3390/f00ds6050033

Hidasi, N., & Belay, A. (2018). Diurnal variation of various culture and biochemical
parameters of Arthrospira platensis in large-scale outdoor raceway ponds. Algal
Research, 29, 121-129. doi: 10.1016/J.ALGAL.2017.08.027

Huang, Q., Jiang, F., Wang, L., & Yang, C. (2017). Design of Photobioreactors for
Mass Cultivation of Photosynthetic Organisms. Engineering, 3(3), 318-329.
doi: 10.1016/J.ENG.2017.03.020

Hussin, A. A., To, S. W., Sani, M. H., Amin, M. F. M., & Kamaroddin, M. F. (2021).
Optimisation and growth kinetic analysis of Microalgae, Arthrospira platensis in
2-L Photobioreactors. IOP Conference Series: Earth and Environmental
Science, 842(1). doi: 10.1088/1755-1315/842/1/012036

Igwegbe, C. A., Onukwuli, O. D, Ighalo, J. O., & Menkiti, M. C. (2021). Bio-
coagulation-flocculation (BCF) of municipal solid waste leachate using
Picralima nitida extract: RSM and ANN modelling. Current Research in Green
and Sustainable Chemistry, 4, 1-13. doi: 10.1016/j.crgsc.2021.100078

Inuwa, M. (2013). Screening of Fungi Isolated from Environmental Samples for
Xylanase and Cellulase Production. 2013.

Jaafari, J., & Yaghmaeian, K. (2019). Optimization of heavy metal biosorption onto
freshwater algae (Chlorella coloniales) using response surface methodology
(RSM). Chemosphere, 217, 447-455. doi: 10.1016/j.chemosphere.2018.10.205

Javed, F., Shamair, Z., Hafeez, A., Fazal, T., Aslam, R., Akram, S., Rashid, N.,
Zimmerman, W. B., & Rehman, F. (2021). Conversion of poultry-fat waste to a
sustainable feedstock for biodiesel production via microbubble injection of
reagent vapor. Journal of Cleaner Production, 311, 127525. doi:
10.1016/J.JCLEPRO.2021.127525

Juneja, A., Ceballos, R. M., & Murthy, G. S. (2013). Effects of environmental factors
and nutrient availability on the biochemical composition of algae for biofuels
production: A review. In Energies (Vol. 6, Issue 9, pp. 4607-4638). MDPI AG.
doi: 10.3390/en6094607

Kamaruzaman, N., Jamani, N., & Said, A. (2020). An infant with kwashiorkor: The
forgotten disease. Malaysian Family Physician : The Official Journal of the
Academy of Family Physicians of Malaysia, 15(2), 46.
/pmc/articles/PMC7430309/

108



Kanchanatip, E., Su, B. R., Tulaphol, S., Den, W., Grisdanurak, N., & Kuo, C. C.
(2016). Fouling characterization and control for harvesting microalgae
Arthrospira (Spirulina) maxima using a submerged, disc-type ultrafiltration
membrane. Bioresource Technology, 209, 23-30. doi:
10.1016/j.biortech.2016.02.081

Khor, G. L., & Shariff, Z. M. (2019). Do not neglect the indigenous peoples when
reporting health and nutrition issues of the socio-economically disadvantaged
populations in Malaysia. BMC Public Health, 19(1), 1-5. doi: 10.1186/512889-
019-8055-8

Kinyoki, D. K., Osgood-Zimmerman, A. E., Pickering, B. V., Schaeffer, L. E.,
Marczak, L. B., Lazzar-Atwood, A., & Al., E. (2020). Mapping child growth
failure across low- and middle-income countries. Nature, 577(7789), 231-234.
doi: 10.1038/s41586-019-1878-8

Koller, M. (2015). Design of closed photobioreactors for algal cultivation. Algal
Biorefineries: Volume 2: Products and Refinery Design, 133-186. doi:
10.1007/978-3-319-20200-6_4/COVER

Koyande, A. K., Chew, K. W., Rambabu, K., Tao, Y., Chu, D. T., & Show, P. L.
(2019). Microalgae: A potential alternative to health supplementation for
humans. Food Science and Human Wellness, 8(1), 16-24. doi:
10.1016/j.fshw.2019.03.001

Krull, R., Wucherpfennig, T., Esfandabadi, M. E., Walisko, R., Melzer, G., Hempel,
D. C., Kampen, I., Kwade, A., & Wittmann, C. (2013). Characterization and
control of fungal morphology for improved production performance in
biotechnology. Journal of Biotechnology, 163(2), 112-123. doi:
10.1016/j.jbiotec.2012.06.024

Kumar, P., Desai, N., & Dwivedi, M. (2015). Multiple Potential Roles of Spirulina in
Human Health: A critical Review. Mal J Nutr, 21(3), 375-387.
https://www.researchgate.net/publication/289460549 Multiple_Potential_Roles
_of_spirulina_in_Human_Health_A_critical_Review

Kumar, R., Ghosh, A. K., & Pal, P. (2020). Synergy of biofuel production with waste
remediation along with value-added co-products recovery through microalgae
cultivation: A review of membrane-integrated green approach. In Science of the
Total Environment (Vol. 698, p. 134169). Elsevier B.V. doi:
10.1016/j.scitotenv.2019.134169

109



Kurniawan, S. B., Imron, M. F., Slugocki, L., Nowakowski, K., Ahmad, A., Najiya,
D., Abdullah, S. R. S., Othman, A. R., Purwanti, I. F., & Hasan, H. A. (2022).
Assessing the effect of multiple variables on the production of bioflocculant by
Serratia marcescens: Flocculating activity, Kinetics, toxicity, and flocculation
mechanism. Science of The Total Environment, 836, 1-12. doi:
10.1016/J.SCITOTENV.2022.155564

Lam, M. K., Lee, K. T., & Mohamed, A. R. (2012). Current status and challenges on
microalgae-based carbon capture. International Journal of Greenhouse Gas
Control, 10, 456-469. doi: 10.1016/J.1JGGC.2012.07.010

Legendre, D., & Zevenhoven, R. (2017). Detailed experimental study on the
dissolution of CO2 and air bubbles rising in water. Chemical Engineering
Science, 158, 552-560. doi: 10.1016/J.CES.2016.11.004

Leite, L. de S., dos Santos, P. R., & Daniel, L. A. (2020). Microalgae harvesting
from wastewater by pH modulation and flotation: Assessing and optimizing
operational parameters. Journal of Environmental Management, 254, 109825.
doi: 10.1016/j.Jenvman.2019.109825

Leupold, M., Hindersin, S., Gust, G., Kerner, M., & Hanelt, D. (2013). Influence of
mixing and shear stress on Chlorella vulgaris, Scenedesmus obliquus, and
Chlamydomonas reinhardtii. Journal of Applied Phycology, 25, 485-495. doi:
10.1007/S10811-012-9882-5

Li, Y., Xu, Y., Liu, L., Li, P,, Yan, Y., Chen, T., Zheng, T., & Wang, H. (2017).
Flocculation mechanism of Aspergillus niger on harvesting of Chlorella vulgaris
biomass. Algal Research, 25, 402-412. doi: 10.1016/j.algal.2017.06.001

Liber, J. A., Bryson, A. E., Bonito, G., & Du, Z. Y. (2020). Harvesting Microalgae
for Food and Energy Products. In Small Methods (Vol. 4, Issue 2000349, pp. 1-
16). John Wiley and Sons Inc. doi: 10.1002/smtd.202000349

Liestianty, D., Rodianawati, I., Arfah, R. A., Assa, A., Patimah, Sundari, & Muliadi.
(2019). Nutritional analysis of spirulina sp to promote as superfood candidate.
IOP Conference Series: Materials Science and Engineering, 509(1). doi:
10.1088/1757-899X/509/1/012031

Luo, S., Wu, X., Jiang, H., Yu, M., Liu, Y., Min, A, Li, W., & Ruan, R. (2019).
Edible fungi-assisted harvesting system for efficient microalgae bio-
flocculation. Bioresource Technology, 282, 325-330. doi:
10.1016/j.biortech.2019.03.033

110



Marrone, B. L., Lacey, R. E., Anderson, D. B., Bonner, J., Coons, J., Dale, T.,
Downes, C. M., Fernando, S., Fuller, C., Goodall, B., Holladay, J. E., Kadam,
K., Kalb, D., Liu, W., Mott, J. B., Nikolov, Z., Ogden, K. L., Sayre, R. T,
Trewyn, B. G., & Olivares, J. A. (2018). Review of the harvesting and
extraction program within the National Alliance for Advanced Biofuels and
Bioproducts. Algal Research, 33, 470-485. doi: 10.1016/j.algal.2017.07.015

Masuda, K., & Chitundu, M. (2019). Multiple micronutrient supplementation using
spirulina platensis and infant growth, morbidity, and motor development:
Evidence from a randomized trial in Zambia. PLoS ONE, 14(2), 1-19. doi:
10.1371/journal.pone.0211693

Mathur, M. (2018). Bioactive Molecules of Spirulina: A Food Supplement. In J. M.
Mérillon & K. Ramawat (Eds.), Bioactive Molecules in Food (pp. 1621-1642).
Springer. doi: 10.1007/978-3-319-78030-6_97

Matondo, F. K., Takaisi, K., Nkuadiolandu, A. B., Kazadi Lukusa, A., & Aloni, M.
N. (2016). Spirulina Supplements Improved the Nutritional Status of
Undernourished Children Quickly and Significantly: Experience from Kisantu,
the Democratic Republic of the Congo. International Journal of Pediatrics,
2016, 1-5. doi: 10.1155/2016/1296414

Matter, I. A., Hoang Bui, V. K., Jung, M., Seo, J. Y., Kim, Y. E., Lee, Y. C., & Oh,
Y. K. (2019). Flocculation harvesting techniques for microalgae: A review.
Applied Sciences, 9(15), 1-27. doi: 10.3390/app9153069

Mirhosseini, H., Tan, C. P., Taherian, A. R., & Boo, H. C. (2009). Modeling the
physicochemical properties of orange beverage emulsion as function of main
emulsion components using response surface methodology. Carbohydrate
Polymers, 75(3), 512-520. doi: 10.1016/J.CARBPOL.2008.08.022

Mohd Asri, N. F., Abdul, M. A., Ihsan, N., & Kamaroddin, M. F. (2022). Cultivation
of marine microalgae , Nannochloropsis sp . in macro-bubbles photobioreactor
system Cultivation of Marine Microalgae , Nannochloropsis sp . in Macro-
bubbles Photobioreactor System. AIP Conference Proceedings, 2454(030012),
1-7.

Monkonsit, S., Powtongsook, S., & Pavasant, P. (2011). Comparison between airlift
photobioreactor and bubble column for Skeletonema costatum cultivation.
Engineering Journal, 15(4), 53-64. doi: 10.4186/ej.2011.15.4.53

Muhammad, G., Alam, M. A., Mofijur, M., Jahirul, M. I., Lv, Y., Xiong, W., Ong,

111



H. C., & Xu, J. (2021). Modern developmental aspects in the field of
economical harvesting and biodiesel production from microalgae biomass.
Renewable and Sustainable Energy Reviews, 135, 110209. doi:
10.1016/J.RSER.2020.110209

Murtaza, S. F., Gan, W. Y., Sulaiman, N., Shariff, Z. M., & Ismail, S. I. F. (2019).
Sociodemographic, nutritional, and environmental factors are associated with
cognitive performance among Orang Asli children in Malaysia. PLoS ONE,
14(7), 1-15. doi: 10.1371/journal.pone.0219841

Muylaert, K., Bastiaens, L., Vandamme, D., & Gouveia, L. (2017). Harvesting of
microalgae: Overview of process options and their strengths and drawbacks. In
Microalgae-Based Biofuels and Bioproducts: From Feedstock Cultivation to
End-Products (pp. 113-132). Elsevier Ltd. doi: 10.1016/B978-0-08-101023-
5.00005-4

Nair, R. B., Lennartsson, P. R., & Taherzadeh, M. J. (2016). Mycelial pellet
formation by edible ascomycete filamentous fungi, Neurospora intermedia.
AMB Express, 6(1). doi: 10.1186/s13568-016-0203-2

Nauha, E. K., & Alopaeus, V. (2015). Modeling outdoors algal cultivation with
compartmental approach. Chemical Engineering Journal, 259, 945-960. doi:
10.1016/J.CEJ.2014.08.073

Nazari, M. T., Freitag, J. F., Cavanhi, V. A. F., & Colla, L. M. (2020). Microalgae
harvesting by fungal-assisted bioflocculation. Reviews in Environmental
Science and Biotechnology, 19, 369-388. doi: 10.1007/s11157-020-09528-y

Nazari, M. T., Rigueto, C. V. T., Rempel, A., & Colla, L. M. (2021). Harvesting of
Spirulina platensis using an eco-friendly fungal bioflocculant produced from
agro-industrial by-products. Bioresource Technology, 322, 1-8. doi:
10.1016/j.biortech.2020.124525

Nor, N. M., Mohamed, M. S., Loh, T. C., Foo, H. L., Rahim,R. A, Tan, J. S., &
Mohamad, R. (2017). Comparative analyses on medium optimization using one-
factor-at-a-time, response surface methodology, and artificial neural network for
lysine—methionine biosynthesis by Pediococcus pentosaceus RF-1.
Biotechnology and Biotechnological Equipment, 31(5), 935-947. doi:
10.1080/13102818.2017.1335177

Novoa-Garrido, M., Aanensen, L., Lind, V., Larsen, H. J. S., Jensen, S. K,

Govasmark, E., & Steinshamn, H. (2014). Immunological effects of feeding

112



macroalgae and various vitamin E supplements in Norwegian white sheep-ewes
and their offspring. Livestock Science, 167(1), 126-136. doi:
10.1016/j.livsci.2014.05.021

Novoveska, L., Zapata, A. K. M., Zabolotney, J. B., Atwood, M. C., & Sundstrom,
E. R. (2016). Optimizing microalgae cultivation and wastewater treatment in
large-scale offshore photobioreactors. Algal Research, 18, 86-94. doi:
10.1016/j.algal.2016.05.033

Nurdini, A. L., Nuraida, L., Suwanto, A., & Suliantari. (2015). Microbial growth
dynamics during tempe fermentation in two different home industries.
International Food Research Journal, 22(4), 1668-1674.

Ogbonna, C. N., & Nwaoba, E. G. (2021). Bio-based flocculants for sustainable
harvesting of microalgae for biofuel production. A review. Renewable and
Sustainable Energy Reviews, 139, 1-16. doi: 10.1016/j.rser.2020.110690

Okaiyeto, K., Nwodo, U. U., Okoli, S. A., Mabinya, L. V., & Okoh, A. I. (2016).
Implications for public health demands alternatives to inorganic and synthetic
flocculants: Bioflocculants as important candidates. In MicrobiologyOpen (Vol.
5, Issue 2, pp. 177-211). Blackwell Publishing Ltd. doi: 10.1002/mbo03.334

Okoro, V., Azimov, U., Munoz, J., Hernandez, H. H., & Phan, A. N. (2019).
Microalgae cultivation and harvesting: Growth performance and use of
flocculants - A review. In Renewable and Sustainable Energy Reviews (\Vol.
115, p. 109364). Elsevier Ltd. doi: 10.1016/j.rser.2019.109364

Oliveira, H. R., Bassin, 1. D., & Cammarota, M. C. (2019). Bioflocculation of
cyanobacteria with pellets of Aspergillus niger: Effects of carbon
supplementation, pellet diameter, and other factors in biomass densification.
Bioresource Technology, 294, 1-7. doi: 10.1016/j.biortech.2019.122167

Oncel, S., & Sukan, F. V. (2008). Comparison of two different pneumatically mixed
column photobioreactors for the cultivation of Artrospira platensis (Spirulina
platensis). Bioresource Technology, 99(11), 4755-4760. doi:
10.1016/J.BIORTECH.2007.09.068

Papagianni, M. (2004). Fungal morphology and metabolite production in submerged
mycelial processes. Biotechnology Advances, 22(3), 189-259. doi:
10.1016/J.BIOTECHADV.2003.09.005

Pei, X.-Y., Ren, H.-Y., & Liu, B.-F. (2021). Flocculation performance and

mechanism of fungal pellets on harvesting of microalgal biomass. Bioresource

113



Technology, 321, 1-6. doi: 10.1016/j.biortech.2020.124463

Pereira, D. A., Rodrigues, V. O., Gomez, S. V., Sales, E. A., & Jorquera, O. (2013).
Parametric sensitivity analysis for temperature control in outdoor
photobioreactors. Bioresource Technology, 144, 548-553. doi:
10.1016/J.BIORTECH.2013.07.009

Peter, A. P., Koyande, A. K., Chew, K. W., Ho, S. H., Chen, W. H., Chang, J. S.,
Krishnamoorthy, R., Banat, F., & Show, P. L. (2022). Continuous cultivation of
microalgae in photobioreactors as a source of renewable energy: Current status
and future challenges. Renewable and Sustainable Energy Reviews, 154, 1-14.
doi: 10.1016/J.RSER.2021.111852

Pierobon, S. C., Cheng, X., Graham, P. J., Nguyen, B., Karakolis, E. G., & Sinton, D.
(2018). Emerging microalgae technology: A review. Sustainable Energy and
Fuels, 2(1), 13-38. doi: 10.1039/c7se00236j

Prajapati, S. K., Kumar, P., Malik, A., & Choudhary, P. (2014). Exploring Pellet
Forming Filamentous Fungi as Tool for Harvesting Non-flocculating
Unicellular Microalgae. Bioenergy Research, 7(4), 1430-1440. doi:
10.1007/s12155-014-9481-1

Prasil, O., Adir, N., & Ohad, I. (1992). Dynamics of photosystem II : mechanism of
photoinhibition and recovery process. Topics in Photosynthesis, 11, 295-348.

Priyadarshani, I., Thajuddin, N., & Rath, B. (2014). Influence of aeration and light
on biomass production and protein content of four species of marine
Cyanobacteria. 3(12), 173-182.

Purwijantiningsih, E., Dewanti-Hariyadi, R., Nurwitri, C. C., & Istiana, I. (alm. .
(2005). Inhibition of Aflatoxin Production of Aspergillus flavus by Moulds and
Yeasts Isolated from Ragi Tempe. Biota, 3, 146-153. doi:
10.24002/biota.v10i3.2874

Rahaman, M. S. A., Cheng, L. H., Xu, X. H., Zhang, L., & Chen, H. L. (2011). A
review of carbon dioxide capture and utilization by membrane integrated
microalgal cultivation processes. Renewable and Sustainable Energy Reviews,
15(8), 4002-4012. doi: 10.1016/J.RSER.2011.07.031

Rwehumbiza, V. M., Harrison, R., & Thomsen, L. (2012). Alum-induced
flocculation of preconcentrated Nannochloropsis salina: Residual aluminium in
the biomass, FAMEs and its effects on microalgae growth upon media

recycling. Chemical Engineering Journal, 200-202, 168-175. doi:

114



10.1016/j.cej.2012.06.008

Sadhukhan, B., Mondal, N. K., & Chattoraj, S. (2016). Optimisation using central
composite design (CCD) and the desirability function for sorption of methylene
blue from aqueous solution onto Lemna major. Karbala International Journal
of Modern Science, 2(3), 145-155. doi: 10.1016/J.KIJOMS.2016.03.005

Saha, S. K., & Murray, P. (2018). Exploitation of microalgae species for
nutraceutical purposes: Cultivation aspects. Fermentation, 4(2). doi:
10.3390/fermentation4020046

Salim, S., Bosma, R., Vermué, M. H., & Wijffels, R. H. (2011). Harvesting of
microalgae by bio-flocculation. Journal of Applied Phycology, 23(5), 849-855.
doi: 10.1007/s10811-010-9591-x

Satari, A. H., Zargar, M. I., Shah, W. A., & Bansal, R. (2018). Isolation , molecular
identification , phytochemical screening and in vitro anti-oxidant activity of
endophytic fungi from Achilea millefolium Linn. 7(4), 87-92.

Schlesinger, A., Eisenstadt, D., Bar-Gil, A., Carmely, H., Einbinder, S., & Gressel, J.
(2012). Inexpensive non-toxic flocculation of microalgae contradicts theories;
overcoming a major hurdle to bulk algal production. Biotechnology Advances,
30(5), 1023-1030. doi: 10.1016/j.biotechadv.2012.01.011

Selmi, C., Leung, P. S. C., Fischer, L., German, B., Yang, C. Y., Kenny, T. P,
Cysewski, G. R., & Gershwin, M. E. (2011). The effects of Spirulina on anemia
and immune function in senior citizens. Cellular and Molecular Immunology,
8(3), 248-254. doi: 10.1038/cmi.2010.76

Sengiil, A. B., Tiifekei, N., & Aktan, S. (2016). The use of alum as coagulant for
removing cyanobacterial cells in drinking water. Desalination and Water
Treatment, 57(53), 25610-25616. doi: 10.1080/19443994.2016.1153982

Seyed Hosseini, N., Shang, H., Ross, G. M., & Scott, J. A. (2016). Comparative
analysis of top-lit bubble column and gas-lift bioreactors for microalgae-sourced
biodiesel production. Energy Conversion and Management, 130, 230-239. doi:
10.1016/j.enconman.2016.10.048

Shao, W., Ebaid, R., EI-Sheekh, M., Abomohra, A., & Eladel, H. (2019).
Pharmaceutical applications and consequent environmental impacts of Spirulina
(Arthrospira): An overview ; Aplicaciones farmacéuticas e impactos
ambientales de la Spirulina (Arthrospira). Una vision general. Grasas Y Aceites,
70(1), 1-12. https://doi.org/10.3989/gya.0690181

115



Shurair, M., Almomani, F., Bhosale, R., Khraisheh, M., & Qiblawey, H. (2019).
Harvesting of intact microalgae in single and sequential conditioning steps by
chemical and biological based — flocculants: Effect on harvesting efficiency,
water recovery and algal cell morphology. Bioresource Technology,
281(December 2018), 250-259. doi: 10.1016/j.biortech.2019.02.103

Singh, B., & Kumar, P. (2020). Pre-treatment of petroleum refinery wastewater by
coagulation and flocculation using mixed coagulant: Optimization of process
parameters using response surface methodology (RSM). Journal of Water
Process Engineering, 36(February), 101317. doi: 10.1016/j.jwpe.2020.101317

Singh, G., & Patidar, S. K. (2018). Microalgae harvesting techniques: A review.
Journal of Environmental Management, 217, 499-508. doi:
10.1016/j.jenvman.2018.04.010

Sinha, S., Patro, N., & Patro, I. K. (2018). Maternal Protein Malnutrition: Current
and Future Perspectives of Spirulina Supplementation in Neuroprotection.
Frontiers in Neuroscience, 12(966), 1-18. doi: 10.3389/fnins.2018.00966

Sirohi, R., Kumar Pandey, A., Ranganathan, P., Singh, S., Udayan, A., Kumar
Awasthi, M., Hoang, A. T., Chilakamarry, C. R., Kim, S. H., & Sim, S. J.
(2022). Design and applications of photobioreactors- a review. Bioresource
Technology, 349, 126858. doi: 10.1016/J.BIORTECH.2022.126858

Sjamsuridzal, W., Khasanah, M., Febriani, R., Vebliza, Y., Oetari, A., Santoso, I., &
Gandjar, 1. (2021). The effect of the use of commercial tempeh starter on the
diversity of Rhizopus tempeh in Indonesia. Scientific Reports 2021 11:1, 11(1),
1-10. doi: 10.1038/s41598-021-03308-6

Soni, R. A, Sudhakar, K., & Rana, R. S. (2017). Spirulina — From growth to
nutritional product: A review. Trends in Food Science and Technology, 69,
157-171. doi: 10.1016/j.tifs.2017.09.010

Soni, R. A., Sudhakar, K., & Rana, R. S. (2019). Comparative study on the growth
performance of Spirulina platensis on modifying culture media. Energy Reports,
5, 327-336. doi: 10.1016/j.egyr.2019.02.009

Sudhakar, K., Premalatha, M., & Rajesh, M. (2014). Large-scale open pond algae
biomass yield analysis in India: A case study. International Journal of
Sustainable Energy, 33(2), 304-315. doi: 10.1080/14786451.2012.710617

Sukumaran, P., Omar, H. Bin, Nulit, R. B., Halimoon, N. B., Simoh, S. B., & Ismail,
A. Bin. (2018). The prospects of the cultivation of Arthrospira platensis under

116



outdoor conditions in Malaysia. Jordan Journal of Biological Sciences, 11(4),
419-426.

Tahir, A., Anwar, M., Mubeen, H., & Raza, S. (2018). Evaluation of
Physicochemical and Nutritional Contents in Soybean Fermented Food Tempeh
by Rhizopus oligosporus. Journal of Advances in Biology & Biotechnology,
17(1), 1-9. doi: 10.9734/jabb/2018/26770

Takahashi, M., Chiba, K., & Li, P. (2007). Free-radical generation from collapsing
microbubbles in the absence of a dynamic stimulus. Undefined, 111(6), 1343—
1347. doi: 10.1021/JP0669254

Tetteh, E. K., & Rathilal, S. (2021). Application of magnetized nanomaterial for
textile effluent remediation using response surface methodology. Materials
Today: Proceedings, 38, 700-711. doi: 10.1016/J.MATPR.2020.03.827

Toor, U. A, Duong, T. T., Ko, S. Y., Hussain, F., & Oh, S. E. (2021). Optimization
of Fenton process for removing TOC and color from swine wastewater using
response surface method (RSM). Journal of Environmental Management, 279,
111625. doi: 10.1016/J.JENVMAN.2020.111625

Touloupakis, E., Faraloni, C., & Carlozzi, P. (2022). An outline of photosynthetic
microorganism growth inside closed photobioreactor designs. Bioresource
Technology Reports, 18, 101066. doi: 10.1016/J.BITEB.2022.101066

Tyystjarvi, E. (2013). Photoinhibition of Photosystem Il. International Review of
Cell and Molecular Biology, 300, 243-303. doi: 10.1016/B978-0-12-405210-
9.00007-2

Ummalyma, S. B., Gnansounou, E., Sukumaran, R. K., Sindhu, R., Pandey, A., &
Sahoo, D. (2017). Bioflocculation: An alternative strategy for harvesting of
microalgae — An overview. Bioresource Technology, 242, 227-235. doi:
10.1016/j.biortech.2017.02.097

UNICEF. (2019). State of the World’s Children 2019: Children, food and nutrition.

Vandamme, D., Foubert, ., & Muylaert, K. (2013). Flocculation as a low-cost
method for harvesting microalgae for bulk biomass production. In Trends in
Biotechnology (Vol. 31, Issue 4, pp. 233-239). Elsevier Current Trends. doi:
10.1016/j.tibtech.2012.12.005

Vonshak, A., Chanawongse, L., Bunnag, B., & Tanticharoen, M. (1996). Light
acclimation and photoinhibition in three Spirulina platensis (cyanobacteria)
isolates. Journal of Applied Phycology, 8(1), 35-40. doi: 10.1007/BF02186220

117



Vonshak, A., & Guy, R. (1992). Photoadaptation, photoinhibition and productivity in
the blue-green alga, Spirulina platensis grown outdoors. Plant, Cell &
Environment, 15(5), 613-616. doi: 10.1111/J.1365-3040.1992.TB01496.X

Vonshak, A., Kancharaksa, N., Bunnag, B., & Tanticharoen, M. (1996). Role of light
and photosynthesis on the acclimation process of the cyanobacterium Spirulina
platensis to salinity stress. Journal of Applied Phycology, 8(2), 119-124. doi:
10.1007/BF02186314

Vonshak, A., Laorawat, S., Bunnag, B., & Tanticharoen, M. (2014). The effect of
light availability on the photosynthetic activity and productivity of outdoor
cultures of Arthrospira platensis (Spirulina). Journal of Applied Phycology,
26(3), 1309-1315. doi: 10.1007/S10811-013-0133-1/

Wainaina, S., Kisworini, A. D., Fanani, M., Wikandari, R., Millati, R., Niklasson, C.,
& Taherzadeh, M. J. (2020). Utilization of food waste-derived volatile fatty
acids for production of edible Rhizopus oligosporus fungal biomass.
Bioresource Technology, 310(March), 123444. doi:
10.1016/j.biortech.2020.123444

Wang, C., & Lan, C. Q. (2018). Effects of shear stress on microalgae — A review. In
Biotechnology Advances (Vol. 36, Issue 4, pp. 986-1002). Elsevier Inc. doi:
10.1016/j.biotechadv.2018.03.001

Wang, Q., Liu, W., Li, X., Wang, R., & Zhal, J. (2020). Carbamazepine toxicity and
its co-metabolic removal by the cyanobacteria Spirulina platensis. Science of the
Total Environment, 706, 135686. doi: 10.1016/j.scitotenv.2019.135686

WHO. (2020, April 1). Malnutrition. World Health Organization.
https://www.who.int/news-room/fact-sheets/detail/malnutrition

Wu, H., Gao, K., Villafafie, V. E., Watanabe, T., & Helbling, E. W. (2005). Effects
of solar UV radiation on morphology and photosynthesis of filamentous
cyanobacterium Arthrospira platensis. Applied and Environmental
Microbiology, 71(9), 5004-5013. doi: 10.1128/AEM.71.9.5004-5013.2005

Yadav, A., Monsieurs, P., Misztak, A., Waleron, K., Leys, N., Cuypers, A., &
Janssen, P. J. (2020). Helical and linear morphotypes of Arthrospira sp. PCC
8005 display genomic differences and respond differently to 60Co gamma
irradiation. European Journal of Phycology, 55(2), 129-146. doi:
10.1080/09670262.2019.1675763

Yang, Z., Pei, H., Han, F., Wang, Y., Hou, Q., & Chen, Y. (2018). Effects of air

118



bubble size on algal growth rate and lipid accumulation using fine-pore diffuser
photobioreactors. Algal Research, 32, 293-299. doi:
10.1016/J.ALGAL.2018.04.016

Yin, Z., Zhu, L., Li, S., Hu, T., Chu, R., Mo, F., Hu, D., Liu, C., & Li, B. (2020). A
comprehensive review on cultivation and harvesting of microalgae for biodiesel
production: Environmental pollution control and future directions. Bioresource
Technology, 301(November 2019), 122804. doi:
10.1016/j.biortech.2020.122804

Yousuf, A. (2020). Fundamentals of microalgae cultivation. Microalgae Cultivation
for Biofuels Production, 1-9. doi: 10.1016/B978-0-12-817536-1.00001-1

Zarei, Z., Malekshahi, P., Trzcinski, A. P., & Morowvat, M. H. (2022). Effect of
hydrodynamic parameters on hydrogen production by Anabaena sp. in an
internal-loop airlift photobioreactor. Brazilian Journal of Chemical
Engineering. doi: 10.1007/s43153-022-00245-3

Zhang, J., & Hu, B. (2012). A novel method to harvest microalgae via co-culture of
filamentous fungi to form cell pellets. Bioresource Technology, 114, 529-535.
doi: 10.1016/j.biortech.2012.03.054

Zhang, L., Chen, L., Wang, J., Chen, Y., Gao, X., Zhang, Z., & Liu, T. (2015).
Attached cultivation for improving the biomass productivity of Spirulina
platensis. Bioresource Technology, 181, 136-142. doi:
10.1016/j.biortech.2015.01.025

Zhao, S., Ding, Y. D., Liao, Q., Wang, H., & Zhu, X. (2013). Characteristics of CO2
bubble growth and departure in microalgae suspension. Kung Cheng Je Wu Li
Hsueh Pao/Journal of Engineering Thermophysics, 34(3), 526-529.

Zhou, W., Cheng, Y., Li, Y., Wan, Y., Liu, Y., Lin, X., & Ruan, R. (2012). Novel
fungal pelletization-assisted technology for algae harvesting and wastewater
treatment. Applied Biochemistry and Biotechnology, 167(2), 214-228. doi:
10.1007/s12010-012-9667-y

Zhou, W., Min, M., Hu, B., Ma, X., Liu, Y., Wang, Q., Shi, J., Chen, P., & Ruan, R.
(2013). Filamentous fungi assisted bio-flocculation: A novel alternative
technique for harvesting heterotrophic and autotrophic microalgal cells.
Separation and Purification Technology, 107, 158-165. doi:
10.1016/j.seppur.2013.01.030

Zhu, C., Zhai, X., Wang, J., Han, D., Li, Y., Xi, Y., Tang, Y., & Chi, Z. (2018).

119



LIST OF PUBLICATIONS
Hussin, A. A., To, S. W., Sani, M. H., Amin, M. F. M., & Kamaroddin, M. F. (2021).
Optimisation and growth kinetic analysis of Microalgae, Arthrospira platensis
in 2-L Photobioreactors. IOP Conference Series: Earth and Environmental
Science, 842(1). doi: 10.1088/1755-1315/842/1/012036

133



	Template Tesis UTM v2.0
	blank595x841.pdf
	Template Tesis UTM v2.0
	Template Tesis UTM v2.0



