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ABSTRACT

Macrophytes have a great potential for transformation. They are aquatic plants that help
balance the ecosystem, such as duckweed. Thus, the study aimed to evaluate the
growth of macrophytes grown in wastewater, as well as to analyze the chemical profile
and efficiency of their biomolecules for biotechnological application. The macrophytes
were collected in Trés Lagoas (Lemna minor) and Dourados (Landoltia punctata) and
transported to the laboratory, where the samples were cleaned in running and distilled
water, separated and prepared for cultivation in a plastic container for 15 days. in
different treatments. The samples were washed in distilled water, macerated and the
supernatant separated by centrifugation for 10 min at 4,000 rpm, and used for molecular
analysis with a spectrophotometer (UV-vis) with scanning between 200 and 800 nm, the
antioxidant activity by the DPPH method, nutritional composition and use by exploratory
database research. Analysis of UV-vis spectra suggested the presence of amino acids
and chlorophyll. L. punctata showed the highest free radical scavenging when grown in
vinasse, while L. minor showed the lowest antioxidant activity in fish water. These plants
are considered a promising source of biomolecules that can be used in different
biotechnological processes.
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1. INTRODUCTION

The use of renewable sources has contributed effectively to minimizing the action of
the greenhouse effect and the preservation of the natural environment. It is a fact that
biomasses are the main protagonists in the search for natural sources to expand the
energy matrix to meet the growing world demand for energy. In the environmental context,
the increase in the use of biomass has reduced the use of oil and contributed to the
advancement of a sustainable industrial society with concepts of cleaner production. It is
already proven that the use of biomass as an energy source brings promising results,
such as the possibility of reducing the emission of gases in the atmosphere that is
responsible for climate change ( Huang et al 2018). The energy produced through the use
of plant biomass can be used directly in different processes requiring low investment.

Brazil emerges as a promising country that aggregates great potential for biomass
production, taking advantage of its territorial availability and favourable climate. This
country has already consolidated itself with the production of ethanol from sugarcane,
highly efficient biomass when it comes to bioenergy conversion. However, other
renewable sources can be used both for production and for transformation into energy or
other products depending solely on their availability as raw materials (Perea-Moreno et
al., 2019).

Among these renewable sources, we highlight the macrophytes that have a great
potential for transformation and that are little explored. They are aquatic plants that
influence the context of their habitat, constantly maintaining and balancing the ecosystem,
conserving the food supply for aquatic beings, having an effective action in the
accumulation of nutrients and heavy metals and playing an important role in the
maintenance of diversity. other aquatic organisms (Haroon et al., 2020; Othman and
Haroon, 2020). However, when they grow in a disorderly way, they cause environmental
problems. However, they are excellent biofactories of bioactive molecules that can be
used as a promising source for the production of various antibiotics, therapeutic,
bioplastic, biofuel, biogas, animal feed and paper products (Haroon, 2020, Haroon and
Abdel- Aal, 2016; El -Sheekh et al., 2017).

These plants develop and colonize different types of aquatic environments such as
swamps or different water bodies, they have great growth potential in addition to good
adaptive capacity in the face of habitat changes (Oliveira Junior et al., 2020). In the

Brazilian territory, there are numerous species of macrophytes that have a high
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phytoremediation capacity, being used to remove contaminants present in water bodies
(Swain et al., 2014). Some characteristics of these plants can be highlighted, such as
Lemna minor belonging to the family of vascular aquatic plants that float and are fast-
growing even in adverse conditions. This plant produces, on average, 20 individuals in its
vegetative reproductive cycle (Kutschera; Niklas, 2015). This propagation characteristic
makes these plants a possible raw material for different industrial processes.

Macrophytes have in their chemical composition sources of carbon such as glucose,
on average 31%, crude protein ranging from 36 to 46%, in addition to other compounds
such as lignin, cellulose, fibre, lipids and starch. However, the availability of these
compounds may vary according to the species (Matos et al., 2014). A good example was
reported in the studies by Verma and Suthar (2015), who cultivated Lemna and observed
an expressive accumulation of proteins, amino acids and fibres, demonstrating the
potential for using this aquatic plant as a raw material to obtain industrial products and
even as a nutritional supplement for animal feed. This condition is a result of the high
capacity that these plants have for the absorption and conversion of nutrients from the
medium into biomass (Zhao et al., 2012).

Landoltia punctata is another macrophyte species that can be found in different parts
of the world. It is a small floating plant, with leaves that produce fine roots and that prefers
shallow, nutrient-rich waters such as ponds, ditches and swamps (Lalau et.al 2015). This
macrophyte is also known as duckweed and is reproduced by vegetative leaf budding
(Xiao et.al 2013), forming an interconnected complex that acts as a single large system.
L. punctata is widely used for wastewater treatment to minimize the load of contaminants.
This plant has fast growth and with that, there is an accumulation of biomass, this
characteristic can be used to use this plant as a raw material for the production of energy
with bioethanol (Tao et al., 2013).

Wastewater presents an ideal niche for the cultivation of macrophytes, as these
aquatic plants need nutrients and organic matter. According to Xiao et al. (2013), these
waters are an ideal environment for the development of macrophytes, in addition, these
plants have a high growth rate. The annual average growth and accumulation of biomass
is 7.26 g in dry weight m2 /day, with a production of 26.50 tons per hectare, thus
presenting a higher biomass yield compared to terrestrial plants (Zhao et al, 2014). Given

the above, this study aims to evaluate the growth of two species of macrophytes, Landoltia
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punctata and Lemna minor, cultivated in wastewater, as well as to analyze the chemical

profile and the efficiency of their biomolecules for biotechnological application.

2. MATERIAL AND METHODS

2.1 Collection and cultivation of samples

Macrophytes were collected in the municipality of Trés Lagoas (Lemna minor) and
Dourados (Landoltia punctata). The plants were collected and transported in plastic
containers to the laboratory for the respective analyses. The samples were washed in
running and distilled water, remaining at rest for 10 minutes, then separated and prepared
for cultivation. Macrophytes were cultivated in a plastic container for 15 days in different
treatments (Table 1). After this period, the samples were washed in distilled water and
macerated in a porcelain crucible and centrifuged for 10 min at 4,000 rpm, and the

supernatant was used for analysis.

Table 1 — Treatments used for the development of the study

Treatments Composition (mL)
Pond water + Vinasse 2900/1001
Pond water + Fish water 1900/100
Pond water + Distilled water 1900/100

Source: Authorship (2022)

2.2 Analysis of the molecular profile of macrophytes

For the analysis of the compounds present in the samples, the supernatant obtained
was added to 1 mm quartz cuvettes and the reading was carried out with a
spectrophotometer (UV-vis Global Trade Technology model) and consisted of a scan
between 200 and 800 nm.

2.3 Evaluation of antioxidant activity by DPPH

Antioxidant activity was evaluated using the stable free radical scavenging activity 1,1-
diphenyl-2-picrylhydrazyl (DPPH). For this purpose, 100ul aliquots of the sample were
added to 3 mL of the DPPH solution and kept in the dark for 30 min. After the reaction period,
the samples were analyzed by spectrophotometer at 517nm, according to the method
described by Deng et al. (2011).
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2.4 Nutritional composition and use of lentils

Exploratory research was carried out in a database published on the composition of

duckweed and the potential for use as a raw material for biotechnological processes.

3. RESULTS AND DISCUSSION

The UV-VIS spectrum profile showed similarities in the absorption peaks of
macrophytes grown on different substrates. Peaks were observed in the bands
corresponding to 240 to 310 nm, these peaks may be pertinent to chemical compounds
which present an aromatic ring in molecular structure, such as the presence of the amino

acids tyrosine, and tryptophan and phenylalanine (Figures 1A and 1B).
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Figure 1 — Analysis of the UV-vis spectra of samples of macrophytes L. punctata (A) and L.

minor (B) cultivated on different substrates. Source: Authorship (2022)

The evaluation of the antioxidant activity concerning the treatments carried out in the
samples of macrophytes showed that there was a capacity to scavenge the DPPH radical.
It can be observed that L. punctata showed greater scavenging of free radicals when
cultivated with vinasse. On the other hand, L. minor showed the lowest antioxidant activity
in the water-based treatment of fish (Figure 2).

Equations are inserted in the body of the text, being numbered in the right side within
parenthesis, as shown below: The macrophyte L. minor has been highlighted as a

phytoremediator in numerous chemical pollutants present in wastewater. This plant has
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shown efficient results in the absorption of heavy metals, agrochemicals, organic and
pharmacological compounds, and a tenuous behaviour about petrochemical, radioactive

and nanomaterial residues (Ekperus et al., 2019).

Figure 2 — Evaluation of DPPH reduction in samples of macrophytes L. punctata and L.
minor.
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Figure 2 — Evaluation of DPPH reduction in samples of macrophytes L. punctata and L.
minor. Source: Authorship (2022). For L. punctata the indication (P) was used followed by
the cultivation treatment, as follows: (Pv) pond water + vinasse; (Pp) pond water + fish water;
(Pl) pond water. For L.minor the indication (M) was used followed by the cultivation

treatment, being: (Mv) pond water + vinasse; (Mp) pond water + fish water; (Ml) pond water.

Studies show that the association of L. minor and L. punctata used for bioremediation
of pharmaceutical and personal care products, these plants were able to efficiently remove
compounds such as ibuprofen, fluoxetine, triclosan and 2,4D (2,2,4-dichlorophenoxyacetic
acid) in a period of 9 days, demonstrating that the associated macrophytes acted efficiently
to extract about half of the pollutants in the water body (Main et al., 2017). Studies focused
on the use of macrophytes for the bioremediation of aquatic pollutants are essential, mainly,
to ensure the maintenance of these ecosystems, in this sense, understanding the
mechanisms of these plants that promote the assimilation and degradation of these
compounds is of paramount importance for the balance of environments water.

According to Tsolmon et al. (2021), L. punctata has a significant ability to scavenge
free radicals against DPPH, depending solely on the culture medium. Aquatic plants have

numerous active chemical compounds that can be used in other processes and even in the
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composition of pharmaceuticals, the food and cosmetics industry, some are rich in phenolic
compounds and antioxidants, which can replace synthetic substances that may present
certain toxicity (Islam et al., 2021).

Duckweeds are plants with a high potential for use, so their characterization in terms
of composition is important, as there is an imminent possibility of using these plants for
different purposes. Within this classification are L. punctata and L. minor (Ullah et al., 2021).
These are plants that can be directed to biotechnological processes depending solely on
the use of new technologies. Macrophytes are rich in phytochemicals such as phenolic
compounds that are beneficial to health. Bfezinova and Vymazal (2018), analyzed the
aquatic plants Typha latifolia, Phragmites australis, Scirpus sylvaticus, Phalaris arundinaca,
Carex nigra, Max Lyceria and Juncus effuses, and found concentrations of total phenolic
compounds ranging from 9.02 to 28.39 g kg-1 weight of biomass and inferred that the
composition of macrophytes in terms of chemical compounds is directly related to the
management conditions used.

Cultivation conditions are decisive for the concentration and variation of bioactive
molecules in these plants, which can meet different demands of modern society through
transformation processes. Macrophytes can be an option that can be used as raw material
for industrial processes ranging from the production of clean energy, chemical compounds
of natural origin and even new sources with high nutritional potential, as well as the reuse
of water. residues in its cultivation. The versatility of these plants can also be observed by
the biomass yield that according to Zhao et al. (2014), can be around 26 tons per hectare,
with an average accumulation of 7.3 g in dry weight m2 per day. However, this yield may
vary according to the type of cultivation and the conditions of the medium or substrate
concerning nutrient availability. The biomass production of these plants can vary according
to climate and temperature conditions, in tropical and subtropical climates the biomass
production can exceed 28.4 t dry weight ha-1 year -1, with 19 t dry weight ha-1 (Ennabili et
al., 2019).

Duckweeds are versatile plants that have high potential to be used as raw material for
different processes, including large-scale bioenergy production. The composition of these
plants can vary, however, their composition ranges from phytochemicals to essential
nutrients such as carbohydrates, proteins and amino acids (Figure 3).

These plants play an important role in modern society, as the disorderly growth of the

population over the years has increased residual pollutants that contaminate the
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environment. Water bodies are the most affected by the disposal of contaminants and it is
estimated that around US$ 4.6 trillion per year is spent worldwide on the recovery of these

areas (Vermeulen et al., 2020).
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Figure 3 - Nutritional composition of duckweed. Source: Organized by the authors
(2022) of 'Werma e Suthar (2015); 2Gaur e Suthar (2017); 3Hemalatha e Mohan
(2022); 4Souto et al. (2019); >Appenroth et al. (2017).

Studies aimed at the growth of macrophytes cultivated in wastewater can efficiently
contribute to the purification of water bodies, as well as enable the production of bioactive
molecules in greater quantities, enabling the use of the great availability of this natural
resource and its enormous biotechnological potential.

In this sense, as the literature shows, duckweed is a plant that has a high potential for
adaptation and growth and is already used in environmental processes such as
phytoremediation in natural flooded areas or even in artificial ponds (Tolibovich, 2021) and
as biomass for the production of biofuels (Kaur et al., 2018; Liu et al., 2021). These authors
point out that the hydrolysis process to obtain fermentable sugars is more efficient, these
plants are rich in cellulose, hemicellulose, and starch and have a low lignin content, which
makes the hydrolysis process faster and more economically viable when compared to other
lignocellulosic biomasses.

In the area of food production, these plants stand out for their nutritional components

such as essential amino acids, protein and lipid content, and can be a raw material for
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nutraceutical compounds in human food and as a complement in animal feed, considering
their energy value (Yahaya et al., 2022; Yahya et al., 2022).

For the pharmaceutical industry in the composition of antibacterials and antiseptics.
Studies developed by Gonzalez - Renteria et al. (2020), using extract of L. minor prepared
with different solvents obtained bactericidal action against Pseudomonas fluorescens. Mane
et al. (2017), using aqueous extracts of L. minor against Gram-positive and Gram-negative
bacteria observed that there was antimicrobial activity. These studies reinforce the potential
for employability of these plants in different applications (Figure 4). Thus demonstrating the
versatility of macrophytes, especially duckweed as a promising raw material for

biotechnological processes.
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Figure 4 - Different products that can be obtained by transformation processes using

macrophytes as raw material. Source: Authorship (2022).

4. CONCLUSIONS

Analysis of the UV-vis spectra of samples of macrophytes L. punctata and L. minor
cultivated in wastewater, showed bands corresponding to compounds such as amino acids
and chlorophyll.

In the evaluation of antioxidant activity, L. punctata showed the highest scavenging of
free radicals when cultivated in vinasse while L. minor showed the lowest antioxidant activity

in fish water. The treatments used possibly induced a greater production of these
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compounds, since the amount of certain molecules present in the macrophytes is related to
the form of cultivation.

Macrophyte species have great potential to be used in transformation processes, as
well as in biotechnological processes such as decontamination against numerous
pharmaceutical contaminants, heavy metals, organic compounds and hydrocarbons due to
their ability to bioaccumulate. These plants are considered a promising source of bioactive
compounds and are considered an excellent alternative for new studies related to

environmental issues, energy and the production of molecules of biotechnological interest.

ACKNOWLEDGEMENTS

The Fundacdo de Apoio ao Desenvolvimento do Ensino, Ciéncia e Tecnologia do
Estado de Mato Grosso do Sul/FUNDECT, Financiadora de Inovacédo e Pesquisas/FINEP,
Conselho Nacional de Desenvolvimento Cientifico e Tecnol6gico/CNPq; Coordenacédo de
Aperfeicoamento de Pessoal de Nivel Superior —Brasil/CAPES —Cdédigo 001

REFERENCIAS

APPENROTH, Klaus-J. et al. Nutritional value of duckweeds (Lemnaceae) as human food.
Food chemistry, v. 217, p. 266-273, 2017.

BREZINOVA, T. Dvorakova; VYMAZAL, J. Phenolic compounds in wetland macrophytes.
Scientia Agriculturae Bohemica, v. 49, n. 1, p. 1-8, 2018.

CHORVATOVA, A. Marcek et al. Time-resolved endogenous chlorophyll fluorescence
sensitivity to pH: study on Chlorella sp. algae. Methods and Applications in
Fluorescence, v. 8, n. 2, p. 024007, 2020.

DENG, Jing; CHENG, Wangyuan; YANG, Guangzhong. A novel antioxidant activity index
(AAU) for natural products using the DPPH assay. Food Chemistry, v. 125, n. 4, p. 1430-
1435, 2011.

EKPERUSI, Abraham O.; SIKOKI, Francis D.; NWACHUKWU, Eunice O. Application of
common duckweed (Lemna minor) in phytoremediation of chemicals in the environment:
State and future perspective. Chemosphere, v. 223, p. 285-309, 2019.

EL-SHEEKH, M. M.; HAROON, A. M.; SABAE, S. Activity of some Nile River aquatic
macrophyte extracts against the cyanobacterium Microcystis aeruginosa. African Journal
of Aquatic Science, v. 42, n. 3, p. 271-277, 2017.




DOI 10.18605/2175-7275/cereus.v15n1p79-91 BATISTOLE, M; MASCARENHAS, M.S
Revista Cereus Macrophytes: biomass with high transformation potential and a
2023 Vol. 15N. 1 promising source of bioactive compounds

ENNABILI, Abdeslam; EZZAHRI, Jamila; RADOUX, Michel. Performance of Lemna gibba
bioreactor for nitrogen and phosphorus retention, and biomass production in Mediterranean
climate. Journal of Environmental Management, v. 252, p. 109627, 2019.

GAUR, Rubia Zahid; SUTHAR, Surindra. Nutrient scaling of duckweed (Spirodela polyrhiza)
biomass in urban wastewater and its utility in anaerobic co-digestion. Process Safety and
Environmental Protection, v. 107, p. 138-146, 2017.

GONZALEZ-RENTERIA, Mariela et al. Antibacterial activity of Lemna minor extracts against
Pseudomonas fluorescens and safety evaluation in a zebrafish model. Saudi Journal of
Biological Sciences, v. 27, n. 12, p. 3465-3473, 2020.

HAROON, Amany Mohamed. Factors affecting community structure, distribution pattern and
chemical composition of aquatic macrophytes in EI-Rayah EI-Nasery and EI-Noubaria Canal
of Nile River, Egypt. The Egyptian Journal of Aquatic Research, v. 46, n. 3, p. 235-244,
2020.

HAROON, Amany Mohamed. Research Article Proximate and Total Fatty Acid Composition
of Some Aquatic Macrophytes in the Nile River Rayahs, Egypt. Pak. J. Biol. Sci, v. 23, p.
295-305, 2020.

HAROON, Amany M.; ABDEL-AAL, Eman |I. Chemical composition and in vitro anti-algal
activity of Potamogeton crispus and Myriophyllum spicatum extracts. The Egyptian Journal
of Aquatic Research, v. 42, n. 4, p. 393-404, 2016.

HAROON, Amany M. et al. Research Article Biological Characterization of Water in
Damietta Branch of the Nile River, Egypt. 2020.

HEMALATHA, Manupati; MOHAN, S. Venkata. Duckweed biorefinery—Potential to
remediate dairy wastewater in integration with microbial protein production. Bioresource
Technology, v. 346, p. 126499, 2022.

HUANG, Lizhen et al. Carbon emission of global construction sector. Renewable and
Sustainable Energy Reviews, v. 81, p. 1906-1916, 2018.

ISLAM, Md Reazul; ROY, Debabrata; NAHER, Jasmin. Antioxidant potential of aquatic plant
Scirpus mucronatus found in water bodies of Dinajpur district, Bangladesh. Journal of
Pharmacognosy and Phytochemistry, v. 10, n. 6, p. 56-60, 2021.

KAUR, Manpreet et al. Aquatic weeds as the next generation feedstock for sustainable
bioenergy production. Bioresource Technology, v. 251, p. 390-402, 2018.

KUTSCHERA, U.; NIKLAS, K. J. Darwin-Wallace Demons: survival of the fastest in
populations of duckweeds and the evolutionary history of an enigmatic group of
angiosperms. Plant Biology, v. 17, p. 24-32, 2015.

LALAU, Cristina Moreira et al. Toxicological effects of copper oxide nanoparticles on the
growth rate, photosynthetic pigment content, and cell morphology of the duckweed Landoltia
punctata. Protoplasma, v. 252, n. 1, p. 221-229, 2015.




DOI 10.18605/2175-7275/cereus.v15n1p79-91 BATISTOLE, M; MASCARENHAS, M.S
Revista Cereus Macrophytes: biomass with high transformation potential and a
2023 Vol. 15N. 1 promising source of bioactive compounds

LIU, Yu et al. Multifaceted roles of duckweed in aquatic phytoremediation and bioproducts
synthesis. Gcb Bioenergy, v. 13, n. 1, p. 70-82, 2021.

MAIN, Anson R. et al. Reduction of neonicotinoid insecticide residues in Prairie wetlands by
common wetland plants. Science of the Total Environment, v. 579, p. 1193-1202, 2017.

MANE, Vishakha S. et al. Exploration of primary metabolites from Lemna minor and
determined its immunomodulatory and antimicrobial activity. Eur J Pharm Med Res, v. 4,
n. 4, p. 384-388, 2017.

DE MATOS, Flavia Tavares et al. Duckweed bioconversion and fish production in treated
domestic wastewater. Journal of Applied Aquaculture, v. 26, n. 1, p. 49-59, 2014.

OLIVEIRA JUNIOR, J. P. et al. Producéo de biodiesel com Salvinia Auriculata cultivada com
biossoélidos ou vinhaca (cap 10). In Engenharias: Tendéncias e Inovagdes/ Org. RéGmulo
Maziero. Synapse Editora, 2021.

OTHMAN, Amal A.; M HAROON, Amany. Association between the distributions and
chemical composition of aquatic macrophytes and bacterial community structure in some
irrigation canals (Rayahs) of the Nile River, Egypt. Egyptian Journal of Aquatic Biology
and Fisheries, v. 24, n. 5, p. 639-660, 2020.

PEREA-MORENO, Miguel-Angel; SAMERON-MANZANO, Esther; PEREA-MORENO,
Alberto-Jesus. Biomass as renewable energy: Worldwide research trends. Sustainability,
v. 11, n. 3, p. 863, 2019.

RAJESWARI, R.; JEYAPRAKASH, K. Bioactive potential analysis of brown seaweed
Sargassum wightii using UV-VIS and FT-IR. Journal of Drug Delivery and Therapeutics,
v.9,n. 1, p.150-153, 20109.

SANCHINI, Andrea; GROSJEAN, Martin. Quantification of chlorophyll a, chlorophyll b and
pheopigments a in lake sediments through deconvolution of bulk UV-VIS absorption
spectra. Journal of Paleolimnology, v. 64, n. 3, p. 243-256, 2020.

SOUTO, Luciana Reis Fontinelle et al. Effect of hydrothermal pre-treatment on duckweed
(Landoltia punctata) biomass for simultaneous saccharification and fermentation process.
Biomass and Bioenergy, v. 127, p. 105259, 2019.

SWAIN, Gomati; ADHIKARI, S.; MOHANTY, P. Phytoremediation of copper and cadmium
from water using water hyacinth,” Eichhornia crassipes”. International Journal of
Agricultural Science and Technology, v. 2, n. 1, p. 1-7, 2014.

TAO, Xiang et al. Comparative transcriptome analysis to investigate the high starch
accumulation of duckweed (Landoltia punctata) under nutrient starvation. Biotechnology
for biofuels, v. 6, n. 1, p. 1-15, 2013.

TOLIBOVICH, Yuldoshov Laziz. The cultivation of algae duckweed (Lemna minor |.) and
water cabbage (Pistiya stratiotes I.) And their usage in the treatment of waste waters. In: E-
Conference Globe. 2021. p. 81-83.




DOI 10.18605/2175-7275/cereus.v15n1p79-91 BATISTOLE, M; MASCARENHAS, M.S
Revista Cereus Macrophytes: biomass with high transformation potential and a
2023 Vol. 15N. 1 promising source of bioactive compounds

TSOLMON, Bolor et al. Structural identification and UPLC-ESI-QTOF-MS2 analysis of
flavonoids in the aquatic plant Landoltia punctata and their in vitro and in vivo antioxidant
activities. Food Chemistry, v. 343, p. 128392, 2021.

ULLAH, Hafiz et al. Effect of salt stress on proximate composition of duckweed (Lemna
minor L.). Heliyon, v. 7, n. 6, p. e07399, 2021.

VERMA, Rashmi; SUTHAR, Surindra. Utility of duckweeds as source of biomass energy: a
review. BioEnergy Research, v. 8, n. 4, p. 1589-1597, 2015.

VERMEULEN, Roel et al. The exposome and health: Where chemistry meets biology.
Science, v. 367, n. 6476, p. 392-396, 2020.

XIAO, Yao et al. Culturing duckweed in the field for starch accumulation. Industrial crops
and products, v. 48, p. 183-190, 2013.

YAHAYA, Nazariyah et al. Duckweed as a future food: Evidence from metabolite profile,
nutritional and microbial analyses. Future Foods, v. 5, p. 100128, 2022.

YAHYA, Hanis Nadia et al. Pectin from Duckweed (Lemnaceae) as potential commercial
pectin and its gelling function in food production: A Review. Malaysian Journal of Science
Health & Technology, v. 8, n. 1, p. 63-70, 2022.

ZHAO, Hai et al. Duckweed rising at Chengdu: summary of the 1st International Conference
on Duckweed Application and Research. Plant Molecular Biology, v. 78, n. 6, p. 627-632,
2012.

ZHAO, Yonggui et al. Potential of duckweed in the conversion of wastewater nutrients to
valuable biomass: a pilot-scale comparison with water hyacinth. Bioresource technology,
v. 163, p. 82-91, 2014.




