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Abstract 
 

The growing demand for herbal remedies has resulted in the significant over-harvesting of wild 

plants, exacerbating the problem of species extinction. This study evaluates two cultivation 

approaches that could be explored to cultivate medicinal plants. Production crops in 

aquaponics, which is a system that combines the growing of fish (aquaculture) and soilless 

cultivation of plants (hydroponics) under controlled conditions, is an alternative, innovative 

approach. The plants recycle the fish wastes from the fish tank by using up the nutrients in the 

wastewater for growth, and the clean water is then recirculated in a closed system. 

Hydroponics is another cultivation method widely used in the precision cultivation of 

vegetables. It minimizes water wastage and optimises the fertilization of plants. Thus far little 

evidence exists of the use of these technologies for cultivation of medicinal plants.  

Helichrysum odorattisimum and Helichrysum cymosum, which belong to Asteraceae, are 

among the most sought-after medicinal plant species in South Africa. Herbal remedies are 

widely used and are becoming more popular. The harvesting of medicinal plant materials from 

wild populations is destroying their genetic diversity and their habitats. Helichrysum spp. are 

popular for their therapeutic values in traditional medicine. Extracts from numerous species of 

the same genus have been used to treat skin diseases, respiratory disorders, and circumcision 

procedures. This study was conducted to evaluate the antifungal activities, secondary 

metabolite content, and crop yields of Helichrysum cymosum and Helichrysum odoratissimum 

extracts cultivated in aquaponic and hydroponic systems to assess the prospects of using both 

systems in the sustainable cultivation of medicinal plants.  

To evaluate the effectiveness of the aquaponic and hydroponic systems, plants were grown 

using three cultivation methods: aquaponic, hydroponic and field systems, and the data on 

antifungal and antioxidant activities, secondary metabolite content, and crop yield were 

compared.  Six-week-old H. odorattisimum and H. cymosum seedlings were cultivated in an 

aquaponic (T1) and hydroponic systems (T2). Field-growing plants (T3), which were planted 

three months earlier were also screened for antifungal and antioxidant activities and secondary 

metabolite content. The bioactive chemicals and antifungal activities of the plants cultivated in 

these two systems were then compared to plants grown in the field (T3). In the aquaponic 

system, plants were cultivated on silica sand in a deep culture system and Carassius auratus 

(goldfish) produced the fish wastes. In the hydroponics, plants were cultivated in a substrate 

blend of Coco coir, vermiculite, and perlite as substrates at a ratio of 2:1:1, respectively and 

supplied with a hydroponic fertilizer (Nutrifeed®).  Fifteen replicates of each species (H. 

odoratissimum and H. cymosum) seedlings were used in this study for both treatments. 

The results for H. odoratissimum yield (plant height, fresh and dry weights) and the tissue 

nutrient contents did not change substantially (p > 0.05) between aquaponic and hydroponic 
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treatments. Gas chromatography–mass spectrometry (GC–MS) analysis showed that 

monoterpenes and sesquiterpenes were the most abundant compounds in H. odoratissimum; 

however, no statistical difference was observed among the field, hydroponic, and aquaponic 

plants (DF = 2; χ2 = 2.67; p > 0.05). While there was no significant difference in polyphenol 

contents among the three treatments, remarkably, the flavonol contents in the leaves varied 

significantly (DF = 2; χ2 = 6.23; p < 0.05) among the three treatments. A higher flavonol content 

occurred in leaves from the hydroponic system than in leaves from the aquaponic (p < 0.05) 

and field (p > 0.05) systems. The MIC results showed that the ethanolic extract of H. 

odoratissimum was fungistatic against F. oxysporum; however, this effect was more prominent 

in the ethanol extracts of plants grown in the aquaponic system, with a mean MIC value of 0.37 

± 0.00 mg/mL. 

 Helichrysum cymosum plants did not vary significantly (DF=1,28; χ2 =1.63; p = 0.21) in plant 

heights which ranged from (22.83 ± 1.59 cm – 26.46 ± 0.94 cm) and dry weight among the 

treatments; however, T2 produced slightly better results. The fresh weight of H. cymosum 

differed significantly (p < 0.05) between the treatments. The results showed that there was no 

significant difference between aquaponics and hydroponics treatments on crop yields (plant 

height, fresh and dry weight). Interestingly, there were significant differences (DF = 2; χ2 = 

19.76; p = 0.00) in total polyphenol contents between the three cultivation techniques; 

however, the field-collected plants yielded higher polyphenol contents (452.10 ± 53.37 mg 

GAE/g) than hydroponics (433.49 ± 11.95 mg GAE/g) followed by aquaponics (136.46 ± 42.09 
mg GAE/g). The flavonol contents differed significantly between the three cultivation 

techniques (DF = 2; χ2 = 6.31; p = 0.03), with higher flavonol contents in the field-collected 

plants (250.62 ± 58.12 mg QE/g), followed by hydroponics (164.05 ± 14.89 mg QE/g) and 

aquaponics (71.60 ± 14.45 mg QE/g). The volatile chemical contents did not differ significantly 

according to the gas chromatography-mass spectrometry (GC-MS) analysis (DF = 2; χ2 = 3.53; 

p = 0.17; p > 0.05) among the three treatments. However, plants grown in aquaponics had a 

higher number of compounds (106) than those grown in hydroponics (104) or field plants (103). 

The antifungal bioassay showed that the ethanol extracts of H. cymosum harvested from the 

field also had a higher fungistatic activity against F. oxysporum. The highest antioxidant 

capacity was obtained in plants cultivated in hydroponics followed by field-collected plants 

although there was no statistical difference among the treatments. 

 In conclusion, aquaponics and hydroponics performed better or similar to field cultivation and 

are viable alternative methods for cultivating H. odoratissimum plants. The results of the 

present study suggest that commercial cultivation of H. odoratissimum and H. cymosum using 

hydroponic and aquaponic systems may be feasible.  
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Chapter 1 : Introduction 
 

1.1 General introduction 
 

Increasingly, medicinal plants are playing a significant role in the global healthcare systems.   

The current demand for aromatic and medicinal plants is high, and it is expected to maintain a 

steady increase. They are important commodities in international trade in recent years 

(Stafford et al., 2005). Currently, large volumes of medicinal plants leave South Africa for 

Europe. The medicinal plants are used to manufacture phytopharmaceutical, nutraceutical and 

cosmeceutical products (Vasisht et al., 2016). Helichrysum species such as H. odorattisimum 

and H. cymosym are indigenous to South Africa and are among the most sought-after 

medicinal plants in the country.  For many years, Helichrysum spp. has been used as a source 

of medicines to cure a variety of ailments in Europe and African countries (Lourens et al., 

2004). These plants are used to treat pain, coughs, and colds, as well as fever, headache, 

menstrual pains, wound dressing, and infection prevention (Giovanelli et al., 2018). These 

fragrant plants have also been used to treat respiratory and wound infections (Kutluk et al., 

2018). Essential oils from Helichrysum species have antibacterial properties and could be used 

to treat tropical disorders like malaria (Van Vuuren et al., 2006). 

The world's population has grown rapidly in the last century, and it is predicted that by 2050, 

the world's population will increase from 9.7 to 10 billion people (Barea, 2015; Chen et al., 

2020). The rapid population growth is putting a huge strain on natural resources, including 

plants, water, and land. These resources are often over-exploited, leading to scarcity and 

environmental degradation (Hanjra and Qureshi, 2010; Borah, 2017; Goddek et al., 2020; 

Surendran et al., 2021). Unfortunately, the conventional agricultural practices are insufficient 

to meet near-and long-term demands (Chen et al., 2020) — they are unsustainable. 

Conventional (soil-based) cultivation is often associated with high inputs such as the heavy 

use of inorganic fertilizers, synthetic pesticides, and water, which are potentially damaging to 

the environment (Santos et al., 2012).     

Various challenges in conventional (soil-based) cultivation have been encountered, for 

example, the excessive and continuous use of fertilizers, especially synthetic fertilizers, such 

as nitrogen-based fertilizers. Over time, excessive fertilization diminishes the soil ingredients 

required for crop production, resulting in soil infertility, decreased productivity, water 

management, and deterioration of the environment (Goddek et al., 2015; Chen et al., 2020). 

According to Konig et al. (2016) and Folorunso (2021), plant production has many negative 

impacts on the environment including groundwater pollution, destruction of soil biodiversity and 

soil erosion.  
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The above-mentioned challenges have motivated the search for alternative strategies that are 

environmentally friendly and cost effective. Soilless cultivation methods such as aquaponics 

and hydroponics can avoid the challenges faced by soil-based cultivation. These two systems 

have the potential to operate successfully under limited water resources and mitigate pollution 

(Palm et al., 2018; Mok et al., 2020). Furthermore, plant growth and chemical constituents can 

be manipulated in these systems by manipulating nutrient supply to plants (Seawright, 1998).   

Using aquaponics to cultivate South African medicinal plants is an interesting innovative 

approach to sustainable cultivation of medicinal plants. This approach could limit the 

exploitation of some endangered medicinal plants from the wild, enhance fish production, and 

provide opportunity for commercial production of medicinal plants. Aquaponics has many other 

advantages, including high production, faster growth rate, crop maturity, yields, and 

consistency (Yousif and Köhler, 1990). Plants grown in aquaponics are less prone to diseases 

that attack plants such as soil-borne pests — it is one of the major advantages of using 

aquaponics in plant cultivation (Bakiu and Julian, 2014). Because of its ecologically friendly 

nature, aquaponics is regarded as one of the most resource-efficient production systems. In 

an aquaponic system, wastewater is recycled and reused as a substitute for dumping to 

adjacent water bodies (Nuwansi et al., 2021). 

Hydroponics is also a soilless cultivation of plants.  The plants are grown in a pure nutrient 

solution (water culture) or substrate culture, which is used to substitute typical agricultural soil 

(Pardossi et al., 2006). It is a well-established method for commercial cultivation of many food 

crops, including leafy vegetables, tomatoes, cucumbers, peppers, strawberries, and many 

others (Butler and Oebker, 1962). This approach is particularly useful in areas where 

environmental stress (cold, heat, desert, etc.) is a significant issue (Polycarpou et al., 2005). 

And for a variety of medicinal plant species, the viability and advantages of this growth system 

for the synthesis of secondary metabolites are potentially high (Papadopoulos et al., 2000; 

Hyden, 2006; Maggini et al., 2014).  Over the last few years, many studies have shown that 

hydroponics is a feasible method for the cultivation of medicinal plants. Medicinal plants are 

increasingly being cultivated on a commercial scale and hydroponic systems can be 

manipulated to achieve high crop yield and excellent crop quality.  Because it has significant 

advantages over conventional field cultivation, hydroponics may meet both legal and industrial 

criteria for medicinal plants. For example, hydroponics allows for more efficient use of water 

and fertilizers; plants can be grown all year; quantity and quality of production are highly 

predictable because they are not affected by geographic location or pedoclimatic conditions; 

plant contamination is absent or minimal; and plant material is easy to process and extract 

(Mulabagal and Tsay, 2004; Pardossi et al., 2006; Raviv and Lieth, 2019). Another significant 

advantage of hydroponics is the ability to purposely subject plants to stress stimuli that are 



3 
 

known to cause an increase in secondary metabolite concentrations (Brechner et al., 2007; 

Rahimi et al., 2012). 

Previous research has shown that aquaponics and hydroponics can be used to successfully 

grow a variety of vegetables; however, these systems are still underutilised for the cultivation 

of medicinal plants (Graber and Junge, 2009; Pantanella et al., 2010). While there are a few 

evidence on the successful cultivation of medicinal plants in hydroponics, few studies have 

investigated the suitability of cultivating medicinal plants in aquaponics. As a result, the current 

study's hypothesis is to demonstrate that plants grown in aquaponic and hydroponic systems 

can produce the same, if not better-quality plants than field grown plants.  

Helichrysum odoratissimum and Helichrysum cymosum are among the most extensively 

utilized medicinal species from the genus Helichrysum, which belongs to the Asteraceae 

family. Therefore, this study was conducted to evaluate the antifungal activities, secondary 

metabolite content, and crop yield of H. cymosum and H. odoratissimum extracts cultivated in 

aquaponic and hydroponic systems to assess the prospects of using aquaponics and 

hydroponics as sustainable cultivation approaches to medicinal plant cultivation. In addition, 

the findings of this research could be used to bridge the knowledge gap in aquaponics and 

hydroponics cultivation and medicinal plant cultivation in South Africa in order to address water 

scarcity, environmental sustainability, and the short supply of plant-based medical materials. 

This research will contribute toward the development of a new protocol for large- and small-

scale farmers to cultivate medicinal plants.  

The study’s conceptual underpinning, scientific rationalizations, aim, hypothesis, main 

objective and specific objectives are described in Chapter one. Literature review is covered in 

chapter two. Chapter three evaluates the suitability of aquaponics in cultivating two 

Helichrysum species (H. odorattisimum and H. cymosum), by assessing growth parameters 

such as plant height, fresh and dry weights of the two species, nutrient uptake, and bioactive 

compounds, compared to hydroponics and field cultivation.  

1.2 Structure of the thesis 
 

This study is divided into five chapters which are briefly discussed. 

Chapter one: Introduction, background to the research problem, structure of the thesis, 

statement of the research problem, hypothesis, aims and specific objectives. 

Chapter one: Covers, the study's conceptual underpinning, scientific rationalizations, aim of 

the study, hypothesis, main and specific objectives of the study are described in this chapter, 

and brief information on the justification of the work. 

Chapter two: The literature review is covered in chapter two. 
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Chapter three: The objective of chapter three was to compare crop yields, secondary 

metabolite contents and anti-fungal activities of extracts of H. odoratisimum cultivated in 

aquaponic, hydroponic and field systems. The rationale for the study, the materials and 

methods used, the findings, and the conclusions are presented. 

Chapter four: Chapter four aimed to compare the crop yields, secondary metabolite contents, 

and anti-fungal properties of extracts of H. cymosum grown in the indicated field, aquaponic, 

and hydroponic systems. The study's rationale, the methodologies and materials employed, 

the outcomes, and the conclusions are presented. 

Chapter five: This chapter covers the general discussion that integrates the previous chapters, 

as well as the study's outcomes. Recommendations for further research are provided. 

1.3 Background to the research problem 
 

Medicinal plants have long been used as a source of primary medicine to treat a variety of 

human and animal ailments globally. The practice continues to grow as evidenced with local 

and international demands for herbal and phytopharmaceutical materials (Sheldon et al., 1997; 

Bekalo et al., 2009). Previous research has revealed that medicinal plants are widely utilized 

as traditional medicines to meet the fundamental health care needs of an estimated 80% of 

the world's population (Oyebode et al., 2016). Traditional herbal medicines made from more 

than 1020 indigenous plants are used by 27 million people in South Africa (Reddy, 2007). 

As the world's population is anticipated to reach 9 billion people by 2050, it is expected that 

the world's arable land would be insufficient to meet the increased food, water, and medicine 

needs in South Africa and globally (Okemwa, 2015). As a result, the necessity to conserve 

these resources now is crucial. Many studies have shown that conventional cultivation has a 

negative impact on the environment and good quality land needed for crop production has 

diminished due to toxicity caused using pesticides and insecticides, which negatively impact 

human health and the ecosystem (Murugan et al., 2013). Land shortages, weed infestations, 

plant diseases, pests, and soil infertility are all well-known issues associated with soil 

cultivation of plants (Palm et al., 2018; Goddek et al., 2020). These difficulties have driven the 

quest for ecologically acceptable alternative growth methods, such as hydroponics which is a 

method of growing plants without the use of soil by employing nutrient-rich water solutions as 

well as aquaponics. Aquaponics is a potentially beneficial farming strategy that, through 

nutrient and waste recycling, can helps alleviate the above-described issues associated with 

traditional plant growing while improving long-term environmental goals (Goddek et al., 2020). 

In the horticultural and agricultural fields, growing plants in a controlled environment has gained 

favour. Many studies are being carried out in this area, contributing to the growing popularity 

and interest in the cultivation of plants under controlled environmental conditions (Giurgiu et 
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al., 2014). Because the grower has complete control over the process, hydroponic and 

aquaponic cultivation of medicinal plants can result in higher quantities of bioactive chemicals. 

The findings from previous research revealed that hydroponics could boost plant growth and 

yield of targeted plant parts even in places where these plants do not naturally grow (Xego et 

al., 2017).  

1.4  Statement of the research problem 
 

Using medicinal plants for their medical benefits is a common practice worldwide. The South 

African population is reliant on plant remedies for medical care, and these plants are more 

accessible and affordable (Reddy, 2007). This could lead to over-exploitation of plant 

resources, hastening the extinction of some plant species and placing a significant strain on 

plant biodiversity in general (Matanzima et al., 2014). 

Considering the high demand for traditional medicine in South Africa and the over-exploitation 

of wild medicinal plants, effective and sustainable methods of raising medicinal plants such as 

hydroponics and aquaponics are needed to safeguard these resources. As a result, the goal 

of this study is to assess the antifungal activities, secondary metabolite content, and crop yield 

of two Helichrysum species (Helichrysum cymosum and Helichrysum odoratissimum) extracts 

cultivated in an aquaponic and hydroponic systems to determine the viability of aquaponics as 

a sustainable method of medicinal plant cultivation. 

1.5 Hypothesis 
 

Aquaponics is likely to have a good impact on the growth of H. odoratissimum and H. 

cymosum. It is hypothesized that the secondary metabolites contents of plants grown in 

aquaponics, hydroponics, and in the field will be comparable. Antifungal properties of H. 

cymosum and H. odoratissimum grown in aquaponic, hydroponics, and in the field systems 

against F. oxysporum are expected not to differ. 

1.6  Aim of the study 
 

The primary objective of this study is to assess the antifungal activities, secondary metabolite 

content, and crop yield of two Helichrysum species (H. odoratissimum and H. cymosum) 

extracts cultivated in an aquaponic and hydroponic systems to determine the viability of 

aquaponics and hydroponics as sustainable methods of medicinal plant cultivation. 

1.7  Specific objectives   
 

To achieve the aim of this study, the following objectives were studied:  
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a) To compare the growth parameters (heights, fresh, and dry weights) of H. cymosum 

and H. odoratissimum grown in aquaponics and hydroponics.  

b) To measure the nutrient contents of H. cymosum and H. odoratissimum grown in 

aquaponics, hydroponics, and field grown plants to see if there will be differences 

among cultivation methods. 

c) To compare the secondary metabolite (polyphenols and antioxidants) contents of H. 

cymosum and H. odoratissimum cultivated in aquaponics, hydroponics and in the field 

plants. 

d) To compare the antifungal activities of H. cymosum and H. odoratissimum grown in the 

aquaponic system and in hydroponics against Fusarium oxysporum. 
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Chapter 2 :Literature review 
 

2.1  Cultivation of medicinal plants 
 

Herbal medications are widely used, and recent reports suggest that their use is on the rise 

(WHO, 2004). However, the sourcing of medicinal materials from the wild is destroying genetic 

diversity and plant habitats (Behrens and Vines, 2004).  According to the World Health 

Organization, more than 80% of the world's populations in developing countries rely on herbal 

medicine for basic healthcare (Behrens and Vines, 2004). Herbal remedies are also becoming 

more popular in developed countries, with 25% of the UK population using them on a regular 

basis (Ekor, 2014). Around two-thirds of the 50 000 diverse medicinal plant species in use 

come from the wild (Edwards, 2004). In Southern Africa, traditional medicine is an essential 

aspect of the healthcare system. Most herbal medicines are made from plants that have been 

harvested in the wild. Throughout South Africa, over 700 plant species are actively traded for 

medical purposes, and extensive collection of wild medicinal materials is causing decrease of 

stocks of many sought-after species, posing a severe danger to biodiversity of some regions 

in South Africa such as Eastern Cape (Dold and Cocks, 2002). As a result, a substantial 

number of medicinal plant species are now endangered, reaching a tipping point where 

sustainable harvesting is almost impossible. 

Although enhanced regulation and the implementation of sustainable wild harvesting methods 

can provide appropriate protection for some species, increasing domestic production of 

medicinal herbs is a more viable long-term alternative. Cultivation also opens up the prospect 

of applying biotechnology to overcome problems with herbal medicine production (Edwards, 

2004). 

2.2  Asteraceae 
 

This genus (Helichrysum) is part of the Asteraceae family, which includes roughly 500–600 

species worldwide, with 245–250 found in Africa, including Madagascar, Australia, and Eurasia 

(Matanzima et al., 2014; Kutluk et al., 2018; Leonardi et al., 2018). Flavonoids, sesquiterpenes, 

polyacetylenes, terpenes, phenolics, chalcones, phthalides, sterols, pyrones, coumarins, 

diterpenes and other secondary metabolites found in plant extracts are abundant in these 

plants (Van Vuuren et al., 2006; Giuliani et al., 2016). The medicinal qualities of these plant 

extracts obtained from Helichrysum species have been found to have prospective 

pharmacological applications as antioxidant, antibacterial, and anti-inflammatory agents 

(Giuliani et al., 2016; Leonardi et al., 2018). These secondary metabolites have global 

acceptance and potential for application as anti-inflammatory, antibacterial, antioxidant, and 

anti-diabetic medicines in the medical profession (Jadalla, 2020).  
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Scientific reports suggest that members of the genus Helichrysum have been used in folk 

medicine for over 2000 years to treat many ailments (Albayrak et al., 2010). These plants have 

been used in treating bladder disorder, infections and respiratory illnesses. Furthermore, 

Helichrysum species have been documented to be utilized for a variety of cultural purposes, 

including protection against calamities and supernatural causes for cultural ceremonies, and 

circumcision (Wiersum et al., 2006). 

Inhaling 'Imphepho' smoke causes a trance-like condition, implying effects on the central 

nervous system (Serabele et al., 2021). Despite the fact that smoke inhalation is one of the 

most common traditional methods of 'Imphepho' administration, there have been reports on 

the phytochemistry of the smoke; its volatile scented compounds may play a key role in anti-

infective treatments. Helichrysum oils have significant antimicrobial properties (Van Vuuren et 

al., 2006). Additionally, there has been a trend in recent years to use natural resources, such 

as plants, as ingredients in cosmetic goods (Twilley et al., 2021). Essential oils secreted in the 

epidermal cells on the petals, ovaries, and bracts, as well as on the leaves, are responsible for 

the aromatic features of many Helichrysum species (Perrini et al., 2009). 

2.3  Helichrysum odoratissimum 
 

Helichrysum odoratissimum (L.) Sweet, also known as Helichrysum bochstetteri (Shc. -Bip. ex 

A. Rich.) Hook. f. and Helichrysum bochstetteri var scabrum,  belongs to the Asteraceae family. 

It is an aromatic species that is widely distributed in intertropical region and Southern Africa 

(Puyvelde et al., 1989). H. odoratissimum is one of the  most harvested and traded plants in 

South Africa (Serabele et al., 2021). Empirical studies have validated its  use in traditional 

medicines; for examples, extracts of the plants have potent antifungal activities; hence it is not 

surprising that this species is used to treat abdominal pains, heartburn, fever, catarrh, 

headache, menstrual problems, urinary tract infections, and wounds in traditional medicines 

(Van Puyvelde et al., 1989; Serabele et al., 2021). The same plant is used to cure female 

sterility, menstrual discomfort, and eczema in other countries like Rwanda (Legoale et al., 

2013; Serabele et al., 2021).  

 

2.3.1 Morphological characteristics of H. odoratissimum 
 

Helichrysum  odoratissimum is a spreading perennial shrub with linear-oblong leaves that are 

greyish-white and wooly on both sides (Serabele et al., 2021) as presented in Figure (2.1). The 

flowers are pale golden yellow, with very little flower heads borne in clusters at the terminals 

of the branches, woody at the base, erect and up to 50 cm high, and blooming all year 

(Swelankomo, 2004; Matrose et al., 2021) (Figure 2.2) . 
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Figure 2.1: A photograph of H. odoratissimum showing linear oblong leaves) 

 

  

Figure 2.2: Pale golden -yellow Inflorescence of H.odoratissimum and morphology (Sourced from: 
http%3A%2F%2Fwww.zimbabweflora.co.zw%2Fspeciesdata%2Fimages%2F15%2F159770-
2.jpg&action=click) 

 

2.3.2 Geographical distribution of H. odoratissimum 
 

Helichrysum odoratissimum is widely distributed in South Africa, ranging from the 

Southpansberg in Limpopo to the Midlands and highlands of KwaZulu-Natal. Free State, 

Lesotho, the Cape Drakensberg, mountains and coastal areas of the Eastern Cape, around 

the Cape fold mountains of Cedarberg, Giftberg in Vanrhynsdorp and  the Cape Peninsula in 

the Western Cape Province (Serabele et al., 2021) (Figure 2.3). Helichrysum odoratissimum 

grows in huge clusters on grassy or rocky slopes, and it quickly takes over empty places along 

roadsides and trails. 
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Figure 2.3: Map showing distribution of H.odoratissimum in South Africa (Adapted from: 
https://keys.lucidcentral.org/keys/v3/helichrysum/key/Helichrysum/Media/Html/images/Helichrysum_od
oratissimum/HELIODOR.jpg) 

 

2.3.3 Growth requirements and propagation of H. odoratissimum 
 

Helichrysum odoratissimum is easy to grow in light, well-drained, composted soil, ideally poor 

sandy soil or rocky grasslands, invading overgrazed and wayside places (Mathekga, 1998). 

Stem cuttings and seeds are used for propagation. This fragrant plant can be used as a ground 

cover in groups of three to five or as a mass planting in a sunny location. Helichrysum  

odoratissimum is a fantastic choice for newly constructed gardens since it adds a splash of 

colour, especially while it's in bloom. Overwatering should be avoided at all costs, as 

Helichrysum species are susceptible to fungal infections, especially in the winter 

(Swelankomo, 2004). 

 

2.3.4 Phytochemicals found in H. odoratissimum 
 

Some of the possible chemical components were indentified in the plant through phytochemical 

investigation of H. odoratissimum extracts include sesquiterpenoids, sesquiterpenes, and 

alkaloids (Matrose et al., 2021). Compounds, such as α-humulene, curcumene, and 

caryophyllene were characterized from the volatile using gas chromatography–mass 

spectrometry analysis (De Canha et al., 2020). Monoterpenoides, particularly α-pinene, 

dominated the essential content of H. odoratissimum from several African countries (Asekun 

et al., 2007). 

https://keys.lucidcentral.org/keys/v3/helichrysum/key/Helichrysum/Media/Html/images/Helichrysum_odoratissimum/HELIODOR.jpg
https://keys.lucidcentral.org/keys/v3/helichrysum/key/Helichrysum/Media/Html/images/Helichrysum_odoratissimum/HELIODOR.jpg
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2.4  Helichrysum cymosum 
 

The aromatic herb H. cymosum L. D.DON subsp. cymosum is abundantly distributed in 

Southern tropical Africa (Bhat and Jacobs, 1995; Bougatsos et al., 2004). H. cymosum is one 

of the most well-known Helichrysum species, and it is used to treat pain, coughs, and colds, 

as well as fever, headache, menstrual pains, wound dressing, and infection prevention 

(Giovanelli et al., 2018). This fragrant plant has long been used to treat respiratory and wound 

infections (Kutluk et al., 2018). Essential oils from H. cymosum have antibacterial 

characteristics and could be used to treat tropical disorders like malaria (Van Vuuren et al., 

2006). 

2.4.1 Morphological characteristics of H. cymosum 
 

Helichrysum cymosum is a well-branched ground cover with thin greyish-white wooly branches 

densely covered with tiny linear-elongated to oval elongated leaves covered with thin silvery 

grey to paper-like hairs that can grow up to 1 m high (Matanzima et al., 2014),  Figure (2.4). 

The dazzling canary-yellow flowers appear in flat-topped flower heads with a cluster of 6-20 

flowers in late summer (Zenze, 2012), Figure (2.5). 

 

Figure 2.4: A photograph of H. cymosum showing oval elongated leaves covered with thin silvery grey 
to paper-like hairs (Adapted from: https://www.hortweek.com/helichrysum-cymosum-silver-
moon/ornamentals/article/1691692) 

 

https://www.hortweek.com/helichrysum-cymosum-silver-moon/ornamentals/article/1691692
https://www.hortweek.com/helichrysum-cymosum-silver-moon/ornamentals/article/1691692
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Figure 2.5: A photography showing the dazzling canary-yellow flowers of H.cymosum (Adapted from: 
http://ketenewplymouth.peoplesnetworknz.info/friends_of_te_henui/images/show/14365-helichrysum-
cymosum-yellow-tipped-straw-flower-impepho) 

 

2.4.2 Geographic distribution 
 

Helichrysum cymosum grows in bunches in damp locations such as hollows between dunes, 

between bushes, and along forest edges. As shown in Figure (2.6), H.cymosum occurs in the 

Western Cape, Eastern Cape, and KwaZulu-Natal (Zenze, 2012). 

 

Figure 2.6: A map showing distribution of H.cymosum in South Africa (Adapted from: 
https://keys.lucidcentral.org/keys/v3/helichrysum/key/Helichrysum/Media/Html/Helichrysum_cymosum
_subsp._cymosum.htm) 

2.4.3 Growth requirements and propagation 
 

Helichrysum cymosum is a hardy ground cover for dry areas that is easy to propagate from 

seeds sown in autumn or spring, cuttings rooted in sand-based medium with the addition of 

compost and fertilizer for nutrients, and cuttings rooted in sand-based medium with the addition 

http://ketenewplymouth.peoplesnetworknz.info/friends_of_te_henui/images/show/14365-helichrysum-cymosum-yellow-tipped-straw-flower-impepho
http://ketenewplymouth.peoplesnetworknz.info/friends_of_te_henui/images/show/14365-helichrysum-cymosum-yellow-tipped-straw-flower-impepho
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of compost and fertilizer for nutrients. Containers, mixed borders, window boxes, herb gardens, 

and fragrance gardens are all good places to put this plant. H. cymosum thrives in well-drained 

soils like sandy soils, making it an excellent choice for coastal gardens. It thrives in both sunny 

and shaded environments (Zenze, 2012). 

2.4.4 Phytochemicals found in H. cymosum 
 

A GC-MS analysis of the chemical composition of H. cymosum extracts revealed a total of 65 

components. The primary compound identified were trans-caryophyllene, caryophyllene oxide, 

pinene, p-cymene, spathulenol, and bourbonene (Bougatsos et al., 2004). Several 

compounds, including helihumulone, helichromanochalcone,5-hydroxy-8-methoxy7-

prenyloxyflavanone;1-Benzopyran-4-one,2,3-dihydro-5-hydroxy-8-methoxy-7-[(3-methyl-2-

butenyl) oxo]; pinocembrin chalcone, were recovered from the alcoholic extracts of the leaves 

and roots of H. cymosum,-3-Phenyl-1-[2,4,6-trihydroxy-3-(3-methyl-2-buten-1-yl)phenyl]2,3-

Dihydro-6,8-dihydroxy-5-methoxy,2-phenyl-4H-1-BENZOPYRAN-4-one;2,3-Dihydro-5.8-

dihydroxy-6-methoxy-2-phenyl-4H-1-benzopyran-4-one;2,3-Dihydro-5.8-dihydroxy-6-

methoxy-2-phenyl-4H-1-benzopyran-4-one (Bougatsos et al., 2004).  
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Table 2.1 : Review of bioactivities of Helicrysum spp (Asteraceae) in South Africa: the plant species, including part of the plant utilized, technique of preparation, 
traditional use, and biological activity of the plant used  

Plant Species Plant part 
used 

Mode of 
Preparation 

Traditional Use Biological Activity References 

Helichrysum appendiculatum Leaf Eaten raw Respiratory 
infections should be 
treated. 

Antibacterial activity was 
determined, as well as 
antifungal activity linked to 
infections. 

(Lourens, Viljoen 
and van Heerden, 
2008; Heyman  , 
2009) 

Helichrysum argyrosphaerum – – Consumed by 
animals but toxic if a 
large amount is 
consumed 

Antibacterial activity was 
determined, as well as 
antifungal activity, which 
was linked to infections. 

(Lourens, Viljoen 
and van Heerden, 
2008) 

Helichrysum aureonitens Leaves and 
stem 

Burnt as incense Used to invoke the 
ancestors' goodwill 
and to elicit dreams. 

Antibacterial activity, 
Antifungal associated with 
infections, and antiviral 
activity were determined 

(Van Puyvelde et 
al., 1989; Moran,  
1996; Abdel-
Rahim et al., 2019; 
Najar et al., 2020; 
Etsassala, 
Hussein and Nchu, 
2021; Pasch et al., 
2021; Serabele et 
al., 2021)    

Helichrysum caespititium Plant Smoke inhaled after 
being crushed and 
burnt. 

Headaches and 
chest colds are 
treated with this 
herb. 

Antibacterial activity, 
Antifungal associated with 
infections, Anti-
inflammatory and 
Antimycobacterial activity 
determined 

(Lourens, Viljoen 
and van Heerden, 
2008),  

Helichrysum cymosum Leaf 
 
 

Decoction/tea  
 
 

Used to invoke the 
goodwill of the 
ancestors, treat 

Antibacterial activity, 
Antifungal associated with 
infections, and antimalarial 

(Bhat and Jacobs, 
1995; Van Staden, 
2005; Kutluk et al., 
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Root 

 
 
 
 
 
 
 
 
 
 
 
Extract 

respiratory, wound 
infections and colds 
and coughs.  
 
Fresh leaves are 
boiled and the vapor 
bath for treating 
headaches.  
 
Used as nauseant  

activity determined 2018; Cock and 
Vuuren, 2020)  

Helichrysum decorum Plant Burned and smoked 
inhaled  

Used to stimulate 
trances 

Antibacterial activity, 
Antifungal activity 
associated with infections 
determined 

(Lourens, Viljoen 
and van Heerden, 
2008)  

Helichrysum foetidum Plant 
 
 
 
 
Leaf 
 
 
Leaf  
 
 
Root 

The extract is 
drunk/smoke 
inhaled. 
 
 
Extract 
 
 
Wound dressing 
 
Extract 

Used to induce 
trances. 
 
 
Used to treat flue. 
 
 
 
 
Used to treat eye 
problems 

Antibacterial activity 
determined 

(Lourens, Viljoen 
and van Heerden, 
2008) 

Helichrysum gymnocomum Stems and 
leaves 

Burned as incense Used to invoke the 
goodwill of ancestors 

Antibacterial activity and 
antifungal activity 
determined 

(Lourens, Viljoen 
and van Heerden, 
2008) 
 
 
 
 

Helichrysum herbaceum Stems and 
leaves 
 
 

Burned as incense Used to invoke the 
goodwill of the 
ancestors. 
 

Antibacterial activity and 
antifungal activity 
determined 

(Lourens, Viljoen 
and van Heerden, 
2008) 
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Stem and 
leaves 

Commercially sold  

Helichrysum kraussuii Leaf Decoction Used to wash keloid 
scars, wound 
dressing for 
infections 

Antibacterial activity and 
antifungal activity 
determined 

(Bremner and 
Meyer, 2000 
;Lourens, Viljoen 
and van Heerden, 
2008)  

Helichrysum longifolium Leaf – Used to treat 
circumcision 
wounds. Leaves are 
heated over very hot 
ash before being 
used to bandage for 
treatment of wounds 
after circumcision 

Antibacterial activity and 
antifungal activity 
determined 

(Lourens, Viljoen 
and van Heerden, 
2008) 

Helichchrysum miconiifolium Leaf 
 
 
 
 
 
 
 
 
 
 
 
Root 

Tea  
 
 
 
 
 
 
 
 
 
 
 
Powder 

Used medicinally as 
tea and Xhosa 
people grind and boil 
the leaves and use 
them to relieve pain 
after circumcision. 
 
The root powder is 
used for intestinal 
parasites and ticks 
on poultry. 
 

Antibacterial activity and 
antifungal activity 
determined 

(Lourens, Viljoen 
and van Heerden, 
2008) 

Helichrysum mundtii Plant Decoction Used to treat chest 
complaints 

– (Lourens, Viljoen 
and van Heerden, 
2008) 

Helichrysum natalitium Leaves and 
stems. 
 
 
Leaves and 
stems 

Burnt as incense. 
 
 
 
 
 
– 

Used to invoke the 
goodwill of the 
ancestors. 
 
 
Commercially sold 

– (Lourens, Viljoen 
and van Heerden, 
2008) 
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Helichrysum nudifolium Leaf Burnt as incense To invoke the 
goodwill of the 
ancestors 

Antibacterial, antifungal, 
and anti-inflammatory 
activity determined 

(Lourens, Viljoen 
and van Heerden, 
2008) 

Helichrysum nudifolium var.  pilosellum   Used for treating 
people who wish 
some deed hidden 
and who are afraid of 
being found out 

Antibacterial activity and 
antifungal activity 
determined 

(Lourens, Viljoen 
and van Heerden, 
2008) 

Helichrysum pedunculatum Leaf Extract Used as an ointment 
to induce healing 
after circumcision to 
prevent inflammation 
externally. 

Antibacterial activity and 
anti-inflammatory activity 
determined 

(Bhat and Jacobs, 
1995) 

Helichrysum odoratissimum Leaf 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Plant 
 
 
 
 
 
 
 
 
 
 

Leaf pulp 
 
 
 
 
 
Extract 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ointment 
 
 
 
 
 

Used for wound 
dressing and burns. 
 
 
Used as one of the 
ingredients to 
formulate skincare 
product (sunscreen) 
 
 
Sotho people use it 
to fumigate huts. 
 
The pleasant smell of 
ointment is mixed 
with fats and used by 
chief wives.  
 
Inhaled and used to 
treat insomnia and 
as a protective 
cleanser. 
 

Antibacterial activity, 
antifungal, and 
antimicrobial activity 
determined 

(Lourens, Viljoen 
and van Heerden, 
2008;  Maroyi,  
2019; Twilley et al., 
2021) 
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Plant, leaf, 
and stem 

 
 
Smoke  

Helichrysum panduratum leaf Decoction Used to treat feverish 
attacks in children 

Analgesic activity and anti-
inflammatory determined 

(Lourens, Viljoen 
and van Heerden, 
2008) 

Helichrysum pedunculatum Leaf and 
root 

antiseptic Used after 
circumcision to 
prevent inflammation 
externally 

Antibacterial activity 
determined 

(Lourens, Viljoen 
and van Heerden, 
2008) 
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2.5  Other phytochemicals found in Helichrysum spp. 
 

2.5.1 Secondary metabolites  
 

Plant secondary metabolites are compounds produced by plants and their endophytes and 

include a wide range of active chemicals. They are regularly accumulated in lower amounts 

and are generated by specific cell types at different phases of development (Jain, 2019). Plants 

are living chemical factories that produce a wide range of secondary metabolites, which are 

the foundation for many commercial pharmaceutical medications and herbal therapies derived 

from medicinal plants. The various chemical compounds in medicinal plants have biological 

activity that can benefit human health through pharmaceutical and food businesses, but they 

also have significant value in the perfume, agrochemical, and cosmetic industries (Li et al., 

2020). Secondary metabolites production begins with basic pathways like glycolysis or shikimic 

acid biosynthesis and then diversifies based on cell type, developmental stage, and 

environmental factors (Patra et al., 2013). Based on their biochemical pathways, nitrogen-

containing compounds (cyanogenic glycosides, alkaloids, and glucosinolates), phenolic 

compounds (flavonoids and phenylpropanoids), and terpenes are the three major families of 

secondary metabolites in plants (isoprenoids). As stated by Li et al. (2020) these substances 

are widely distributed in diverse plant cells, tissues, and organs. Furthermore, many 

environmental factors can either stimulate or impede plant growth and development.  

 

2.5.2 Antioxidants 
 

Plants have recently become more popular as sources of natural antioxidants for the 

scavenging of free radicals (Njenga and Viljoen, 2006). An antioxidant is described as "any 

substance capable of preventing or considerably delaying the oxidation of oxidizable materials 

in small amounts, generally at concentrations much lower than the oxidizable materials to be 

protected" (Ghosh and Deb, 2014). The fact that oxygen can be converted by metabolic activity 

into more reactive forms such as superoxide, hydrogen peroxide, singlet oxygen, and hydroxyl 

radicals, collectively known as active oxygen, makes antioxidants crucial to human physical 

well-being. Various metabolic mechanisms in live cells produce these chemicals. 

According to De Beer et al. (2003), antioxidants other than vitamin C, E, and carotinoids have 

been readily found in many natural products. Antioxidants have been shown to protect against 

oxidative stress  damage. Defense mechanisms that scavenge and stabilize free radicals 

protect all organisms against free radical attack, but when the pace of free radical generation 

surpasses the rate of oxidative stress, a harmful process that can damage cell components 
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such as lipids, proteins, and DNA, occurs (Jain et al., 2019).  

Many antioxidant-based medication formulations are employed in the prevention and treatment 

of diseases whose processes involve the process of oxidative stress. Because synthetic 

antioxidants are restricted due to their carcinogenicity, researchers have been looking for 

naturally occurring antioxidants to substitute synthetic antioxidants in foods, cosmetics, and 

medicinal products.  

The principal antioxidants constituents of natural products are phenolic compounds that 

comprised of phenolic acid and flavonoides (Kähkönen et al., 1999). Phenols have a significant 

function in plant photo-oxidation resistance and disease resistance (Kasote , 2013). Phenolic 

antioxidants are potent free radical terminators (Shahidi et al., 1992), they donate hydrogen to 

free radicals and hence, break the reaction of lipid oxidation at the initiation step. Many 

pathogenic problems are linked to free radicals, including inflammation, metabolic disorders, 

cell aging, atherosclerosis, and carcinogenesis. These characteristics have led to considerable 

plant screening for antioxidants and to see if medicinal plants may contain antioxidants that 

could potentially modify oxidative stress-related illnesses. 

 

2.6  Cultivation approaches 
 

2.6.1 Soil cultivation of plants 
 

Traditional agriculture plays an important part in meeting the food demands of a growing 

human population, but it has also resulted in a greater reliance on synthetic fertilizers and 

pesticides (Santos et al., 2012). Chemical fertilizers are industrially modified compounds with 

known amounts of nitrogen, phosphorous, and potassium, and their use pollutes the air and 

ground water by eutrophicating bodies of water (Youssef et al., 2014).  

The soil, as well as its features, play a vital role in agricultural production. On the one hand, it 

creates the conditions for the development and growth of cultivated plants; thus, one of the 

agricultural production processes' goals is to maintain it in the best possible condition; on the 

other hand, it is constantly subjected to unfavourable changes that result from natural 

processes as well as field operations carried out with the use of agricultural equipment, 

machines, and tractors. The world's area of soil degradation as a result of vehicle wheels 

compaction is estimated to be about 64 million ha (Bulinski and Sergiel, 2013). For plants, soil 

is usually the most readily available growth medium. It offers anchoring, nutrients, air, and 

water, among other things (Hasegawa, 2003). Soils, on the other hand, can sometimes hinder 

plant growth. It can harbour disease-causing organisms and nematodes (Ajilogba and 

Babalola, 2013). Also, inappropriate soil reactions, unfavourable soil compaction, poor 
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drainage, erosion degradation, can hinder plant growth (Bhargav, 2020). Furthermore, 

conventional crop growing in soil is challenging because it requires a lot of space, a large 

amount of labour, and plenty of water (Hussain et al., 2014). 

 

2.6.2 Hydropnics cultivation of plants 
 

Hydroponics is a method of growing plants without soil by immersing their roots in nutritional 

solution (Hussain et al., 2014). In South Africa, hydroponic farming is quickly becoming a 

popular method for growing food, plants, and flowers all year. Soilless agriculture may be 

successfully started and considered as an alternate option for growing nutritious food plants, 

crops, or vegetables in the current situation (Butler and Oebker, 2006). Previous research has 

shown that cultivating medicinal plants under regulated environmental conditions in an 

aeroponic or hydroponic system improves quality, bioactivity, and biomass output on a 

commercial scale (Jousse et al., 2010). Growing plants in soil-free culture has numerous 

advantages over soil-based cultivation.  The hydroponic technique is a clean and reasonably 

simple technology with manageable risk of soil-borne diseases or pest infectations, decreasing 

or eliminating the usage of pesticides and their toxicity (Polycarpou et al., 2005). Furthermore, 

plants require less growing time than crops cultivated in the field, and plant growth is faster 

since there is no mechanical restriction to the roots and all nutrients are freely available to 

plants. When compared to soil cultivation, hydroponics requires far less water. In soil farming, 

most of the water we provide to the plants is leached deep into the soil and unavailable to the 

plants' roots, whereas in hydroponics, plant roots are either submerged in water or a film of 

nutrients mixed in water always surrounds the root zone, keeping it hydrated and nourished. 

Water is recovered, purified, replenished, and recycled in this process, so there is no waste 

(Choi et al., 2011). Growers of medicinal plants are also drawn to hydroponic systems for 

cultivation because growing plants in soilless cultures in controlled environments could results 

in higher concentrations of bioactive compounds in plants than traditional soil cultivation 

through manipulation of the growing conditions by the grower (Giurgiu, 2014). Growing plants 

without soil medium allows for more precise control of environmental conditions, increased 

productivity, and improved crop quality. For examples temperature, pH, electrical conductivity, 

and oxygen concentration of nutritional solutions can be easily manipulated (Walters and 

Lopez, 2022). 
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2.6.3 Aquaponic cultivation of plants 
 

Aquaponics is a technique that combines farming and agricultural production by using 

aquaculture waste in conjunction with hydroponically growing plants as a natural fertilizer 

supply to sustain the plant life cycle (Goddek et al., 2015; Abdel-Rahim et al., 2019). 

Aquaculture waste nutrients are utilized to feed hydroponically-grown plants in an aquaponic 

system. Hydroponics, on the other hand, is a method of plant cultivation in which roots are 

immersed in nutritional solution and mechanical support is provided by an inert medium. 

Aquaculture is the farming of fish in tanks, ponds, or lakes (Palm et al., 2018). Combining these 

two cultivation methods have been shown to be effective at producing plants while also raising 

fish. Aquaponics conserves water and cutback on the use of iorganic fertilizers because the 

soilless-cultivated plants use up the nutrients contained in the fish wastes and re-supply the 

fish tank with recycled water (Folorunso, 2021). Alternatively, plants can help purify water by 

filtering dirt from the water and returning it to the fish in a mutually beneficial interaction (Bakiu 

et al., 2021). 

An estimated 50% of land for cultivation will be unusable for farming as a result of population 

growth, which is expected to reach 9 billion people in the next few years. As a result, 

aquaponics provides the opportunity to cultivate crops in places where traditional cultivation is 

not possible thus offers a sustainable ecosystem in which both plants and fish may thrive while 

consuming less water and space and producing no waste or pollution (Goddek et al., 2015; 

Bakiu et al., 2021). Plant roots are submerged in nutrient rich water from fish waste without 

being supplied with chemicals or fertilizers to aid in plant development, as opposed to soil-

based cultivation, which has potential advantages such as improved sustainability, reduced 

resource consumption, and reduced environmental impact. For example, aquaponics systems 

use about 2% of the water that traditional systems use, and plants roots are submerged in 

nutrient rich water from fish waste without being supplied with chemicals or fertilizers to aid in 

plant development (Panigrahi et al., 2016; Gashgari et al., 2018). Aquaponics have been 

deemed environmentally friendly due to its low use of non-renewable resources and close 

proximity to zero waste generation (Konig et al., 2016). 

According to Gashgari et al. (2018), plants grown in a soilless system are healthier and more 

consistent. Furthermore, plants produced in an aquaponic system can produce 20–25% higher 

yields than plants grown in a soil-based system, with yields up to five times higher (Gashgari 

et al., 2018). Another issue faced by soil cultivation is soil erosion and degradation caused by 

traditional farming methods that rely heavily on soil and, as a result, deplete the soil vital 

minerals. Consequently, incorporating aquaponics in medicinal plant production could improve 

medicinal plant cultivation (Dubey et al., 2017). 

Aquaponics has the potential to have a lower negative environmental impact, reducing the 
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need for industrial fertilizers even further (Folorunso, 2021). While many investigations have 

illustrated that aquaponic systems have been used for food production, studies on the 

cultivation of medicinal plants in aquaponics are scare. Konig et al. (2016) found that 

aquaponics can be used for other purposes other than food production, including as an 

educational tool in schools, providing a better climate in public infrastructure, homes, and social 

institutions such as hospitals. In Italy, for example, aquaponics has been utilized to help 

patients recover from shock in a psychiatric hospital. Also, Panigrahi et al. (2016) have 

identified aquaponics as one of the systems that allows plants to be more resistant to infections 

or plant pathogens, such as Fusarium oxysporum, that damage crops. 

 

2.6.3.1  Fish species used in aquaponics systems 
 

2.6.3.2  Gold fish (Carassius auratus) 
 

Carassius auratus (L) goldfish are ornamental fish that are native to Central Asia, China, and 

Japan. They have been bred in captivity for a long time (Watson et al., 2004). Goldfish has 

already been considered as a promising species for monoculture aquaponic recirculating 

systems (Shete et al., 2013; Shete et al., 2014). Small, vegetated lakes and reservoirs are 

ideal for goldfish. Despite being a cool-water fish, goldfish can survive in a wide range of water 

temperatures. Goldfish can grow to be over 23 inches (58 cm) long and weigh up to 6 pounds 

(2.7 kg), with a 30-year lifespan. Because it can survive in low-quality water, the goldfish is 

considered a "hardy" fish. Goldfish prefers temperatures between 65- and 75-degrees 

Fahrenheit (18 and 24 ℃), although they can survive at temperatures as low as 32 degrees 

Fahrenheit (0 ℃) and as high as 95 ℃ Fahrenheit (35 ℃), especially if the temperature change 

is gradual (seasonal). Temperatures outside of the optimal range may suppress the fish's 

immune systems, resulting in reduced eating and growth (Watson et al., 2004). Goldfish are 

omnivores that can be fed a variety of natural and prepared foods. During the grow-out period, 

most farmers employ a normal 25 to 32 percent protein diet. 

 

2.6.3.3  Nile tilapia (Oreochromis niloticus)   
 

Oreochromis niloticus  Nile tilapia is a silver fish with olive, grey, or black bars on its body. 

During the breeding season, it frequently blushes crimson (Picker, 2013). O. niloticus Nile 

tilapia is indigenous to the Middle East, central Africa, and northern Africa (Boyd 2004). It is a 

type of tropical freshwater and estuary fish. It favors shallow, quiet waters at lakes' edges and 

large rivers with enough flora (Picker, 2013). According to Rakocy (2005) Nile tilapia may 

consume a variety of foods, including other fish and fish eggs as well as phytoplankton, 
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periphyton, aquatic plants, invertebrates, benthic fauna, detritus, and bacterial films. The 

lifespan of nile tilapia exceeds ten years (Ogutu-Ohwayo, 1990). Oreochromis niloticus's ability 

to grow appears to be constrained by its access to food and the temperature of its environment 

(McDaid Kapetsky and Nath, 1997). The ideal temperature range for growth is 28–36 ℃, and 

as the temperature drops, growth slows (Teichert-Coddington et al., 2017). Their capacity to 

change their nutrition may also have an impact on how they grow (Bwanika et al., 2007). O. 

niloticus can mature sexually in aquaculture ponds at a young age of 5 to 6 months Rakocy, 

(2005). Salinity and temperature are the main variables restricting the distribution of the Nile 

tilapia, which is said to flourish in any aquatic habitat except than torrential river systems 

(Shipton et al., 2008). Oreochromis niloticus's reported temperature range for survival is 

between 11 and 42 ℃. Since Nile tilapia can withstand concentrations as low as 3–4 mg/l, the 

amount of dissolved oxygen is not a key limiting factor for them (Boyd, 2004). 

 

2.6.3.4 Nutrients’s sources 
 

The fish feed and the water fed to the system (including Mg, Ca, and S) are the two principal 

sources of nutrients in an aquaponic system (Delaide et al., 2017; Schmautz et al., 2016). 

Fishmeal-based and plant-based feeds are the two main types of fish feed. Fishmeal is the 

most common type of aquaculture feed, with fish meal and fish oil serving as the primary 

sources of lipids and proteins (Geay et al., 2011). Concerns about the feed's long-term viability 

have been raised for some time, and attention have been given to plant-based diets (Boyd, 

2015; Davidson et al., 2013; Hua and Bureau, 2012; Tacon and Metian, 2008). Fishes secrete 

waste, bacteria turn the waste into nutrients, and plants extract the nutrients, improving the 

water quality for the aquatic animals, in an aquaponic system (Love et al., 2014). 

  

2.6.3.5  Macronutrients 
 

In an aquaponic system where carbon is given to fish through feed and plants through CO2 

fixation, fish feed is the source of carbon and nitrogen (Schmautz et al., 2015; Delaide et al., 

2017). Fish can enhance their biomass and metabolism by using 22% of the carbon in their 

food. The remaining carbon is either exhaled as CO2 (52%), dissolved (0.7–3%), or solid (25%) 

forms (Timmons and Ebeling, 2013). The carbon from the feedstock that isn't consumed is left 

to degrade in the system. The kind of carbohydrates found in fish feed (e.g., starch or non-

starch polysaccharides) can affect the digestibility of the feed and the biodegradability of the 

waste in an aquaculture or aquaponic system (Meriac et al., 2014). On the other hand, plants 

need nitrogen in large amounts. The fish food also contains phosphate and potassium, among 
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other elements. Phosphorus is a necessary component of plant growth that can be absorbed 

by plants in its purest form. Potassium, on the other hand, is not required for fish, resulting in 

a low potassium content in fish feed and even lower potassium levels available to plants 

(Seawright et al., 1998; Graber and Junge, 2009; Suhl et al., 2016). 

Tap water is the primary source of magnesium, calcium, and sulphur, which makes it easier 

for plants to absorb because the minerals are already there (Delaide et al., 2017). Calcium is 

available in aquaponics, although in insufficient amounts ( Seawright et al., 1998) and is 

supplemented with calcium hydroxide Ca (OH)2 (Eck, Körnerand Jijakli,  2019).  

 

2.6.3.6  Micronutrients 
 

Iron (Fe), manganese (Mn), and zinc (Zn) are primarily obtained from fish feed, whereas boron 

(B) and copper (Cu) are primarily obtained from tap water (Delaide et al., 2017). Key 

micronutrients are frequently present in aquaponics, although at insufficient amounts (Delaide 

et al., 2017), requiring nutrition supplement from external sources is vital.  Due to the non-

availability of the ferric ion form, iron shortages are common in aquaponics (Seawright et al., 

1998;  Schmautz et al., 2015). This deficit can be treated by bacterial protein (organic nutrient 

substances) produced by Bacillus or Pseudomonas, or iron supplementation with chemical 

chelated iron to minimize iron accumulation in the aquaponic system (Goddek et al., 2020). 

However,  medicinal plants may be more capable of thriving under nutrient stress compared 

to cultivated species  (Amirifar et al., 2022). 

  

2.6.3.7 Hydroponics fertilizers 
 

An important reasons for choosing the right fertilizer in hydroponics is that, in natural soil 

conditions, a plant can influence nutrient availability to some extent by exuding root exudates 

or exploring some new soil regions by growing roots, but in hydroponics, all nutrients must be 

provided in adequate amounts artificially and may vary from crop to crop (Page and Feller, 

2013). Numerous hydroponic fertilizers are available; however, the choice depends on the crop 

and the system being used. For producing leafy vegetables in hydroponics, most studies used 

nutrient formulas such Cooper's, Imai's, Massantini's, and Hoagland's solution (Karimaei et al., 

2001; Shah and Shah, 2009). The "made-from-scratch" approach to creating nutrient-dense 

dishes is another name for it (Mattson and Peters, 2014). According to Mattson and Peters 

(2014), tiny hydroponic growers find it challenging to control nutrient concentrations while 

creating their own hydroponic recipes, which has led to interest in commercially produced 

water-soluble fertilizers such as Nutrifeed®. This technique, which is appropriate for 
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hydroponic production, is also known as the one- or two-bag strategy (Mattson and Peters, 

2014; Shah and Shah, 2009). Contrary to soil, which has differing growing conditions, 

hydroponics exposes plant roots directly to the nutrient solution. 

  

2.7 Growing substrates 
 

For most plants, soil is the most readily available growing medium. It promotes plant growth 

with anchoring, nutrients, air, and water, among other things (Hussain et al., 2014). Soils, on 

the other hand, can sometimes be a severe stumbling block for plant growth. Disease-causing 

organisms and nematodes, improper soil reactivity, unfavourable soil compaction, poor 

drainage, erosion deterioration, and so on are some of them (Hussain et al., 2014). Many 

organic and inorganic substrates have been utilized to replace soil because they are disease 

and pest-free inert materials that can contain adequate moisture content and can be reused 

year after year including: rockwool, vermiculite, perlite, peat, leca clay, and others, as the most 

advanced technology for growing plants in greenhouses (Jankauskien et al., 2015). The basis 

of various media varies as mentioned; some are of organic sources, while others are produced 

artificially, and their physical, chemical, and biological qualities differ. As a result, substrate 

selection is one of the most important elements impacting plant growth and development, as 

well as plant health (Xego, 2017). In this study, five different types of growth media: silica sand, 

vermiculite, perlite, and coconut fibre (coco peat) are used. However, the effects of substrates 

were not tested.  

 

2.7.1  Silica sand 
 

Silica refers to a collection of minerals composed of silicon and oxygen, the two most abundant 

elements in the earth's crust. Sand is made up of mineral and rock pieces in microscopic grains 

or particles (Jolly and Lonergan, 2002). Sand can be used as a growth medium for plants that 

demand a dry, loose soil condition. Excess water will runoff rather than absorb into the sand 

as it would in clay. Because sand is light and easy to expand in, root plants like carrots and 

potatoes produce more vegetables. It also does not hold a lot of moisture; however, sand is 

commonly mixed with other growth substrates such as vermiculite, perlite, and coconut fibre 

and they aid in the retention of moisture as well as aeration of the mix for effective root 

development. (Shettel and Balke,1983; Hussain et al., 2014).  

2.7.2  Vermiculite 
 

Vermiculite, like perlite, is a volcanic rock that expands when heated to high temperatures. 



27 
 

Potassium and magnesium are both present in this substance. It can hold lot of water and 

helps with drainage and aeration of the soil, but it's not as durable as sand or perlite; it is a 

very light, porous material that has a high capillary action and can store 3 to 4 times its weight 

in water (Raviv et al.,2002; Hussain et al., 2014). 

 

2.7.3  Perlite 
 

Perlite is the most frequent form of media used in soilless culture containerized systems 

(Boodley and Sheldrake, 1982). Perlite granules are made of a silicone mineral that occurs in 

volcanoes and are incredibly light. This media is available in small to big bags from merchants 

for use in growing mediums to improve drainage and aeration. Water can be held in perlite 

three to four times its own weight. It has a pH range of 6.0 to 8.0 and no buffering properties. 

It has little cation exchange capability and no mineral nutrients, in contrast to vermiculite. With 

particle and bulk densities of 0.9 and 0.1 g, respectively, expanded perlite is extremely light. It 

comes in a variety of sizes and diameters, the most common being 0–2 and 1.5–3.0 mm 

(Pardossi et al., 2011; Carlile et al., 2019). 

 

2.7.4  Coconut fibre (coco peat) 
 

Ultrapeat, Cocopeat, and Coco-tek are some of the brand names. It combines the water-

holding properties of vermiculite with the air-holding properties of perlite. It's an entirely natural 

medium comprised of shredded coconut husks. The coconut husk provides two objectives for 

the seed: (1) protection from the sun and salt while floating in the ocean; and (2) a hormone-

rich, fungus-free medium to promote germination and roots once the seed reaches landfall. 

Coconut coir, which has been finely shredded, and steam sterilized, is an excellent rooting 

medium that also protects against root infections and fungi (Hussain et al., 2014). Unlike peat 

moss, which is quickly depleting due to overuse, coir is an entirely renewable resource, high 

K, Na, and Mg content, and low cost. 

 

 

 

2.8 Fusarium oxysporum 
 

Fusarium is the most important genus of fungal plant pathogens, responsible for many 

diseases in nearly every commercially important plant species. Fusarium oxysporum is a 
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pathogen with a wide host range that has produced some of the most severe and economically 

destructive plant pandemic. With tomatoes (Lycopersicom esculentum) as hosts, F. 

oxysporum has recently emerged as a model for soil-borne fungal infections (Xego, 2017). 

This pathogenic fungus can survive in soils for up to ten years. Temperatures of 28 ℃ in the 

soil and air are ideal for disease growth. If the soil temperature is perfect but the air temperature 

is not, the pathogen will move to the lower parts of the stem, but the plants will not show visible 

symptoms. (Bawa, 2016). 

The disease is spread over short distances by water and infected farming equipment, but it is 

usually spread over long distances by contaminated transplants or soil brought with them 

(Agrios, 2005). The pathogen is widely spread from plant to plant via root-to-root interaction 

during the growth stage. F. oxysporum can also be transmitted by soil contamination and root 

infection. Chlamydospores, which are prevalent in soil particles on contaminated shoes and 

plant stakes, are another way for the disease to spread (Ozbay et al., 2004). The development 

of disease resistant plant cultivars and chemical soil fumigation are the key methods for 

controlling such diseases (Fravel et al., 2003; Xego, 2017). Fusarium species are important 

model organisms for biological and evolutionary studies, in addition to their economic 

relevance. 

 

2.9 Challenges associated with conventional cultivation  
 

Several reports have revealed that agricultural land is negatively impacted by large amounts 

of pollutants or toxins, polluted water, and tonnes of dry sewage sludge deposited on South 

African soils, heavy metal contamination of rivers and soils as a result of polluted harvest sites 

or poor farming techniques, resulting in medicinal plant product contamination (Street et al., 

2008). Bindraban et al. (2012),  also mentioned that traditional farming is being challenged by 

increased energy and cost fluctuations, as well as climate change and pollution. These have 

resulted in resource constraints such as reduced cultivation surfaces, limited freshwater 

supplies, soil deterioration, and reduced soil nutrient levels. Furthermore, open-field agriculture 

is challenging because it necessitates a significant amount of space, al large amout of labour, 

and too much water. Because of their unfavourable geographical or topographical 

circumstances, soil is less available for crop production in most urban and industrial locations, 

and fertile cultivable arable lands are scarce in some areas.  
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Abstract  

 

The overexploitation of wild plants for medicinal uses and conventional agricultural farming 

methods, which use high amounts of water, fertilizers, and pesticides, have had devastating 

environ- mental consequences. This study aimed to evaluate the prospects of using 

aquaponics and hydroponics as alternative approaches to soil cultivation by comparing the 

crop yields, secondary metabolite contents, and the antifungal activities of ethanol extracts of 

Helichrysum odoratissimum (L.) Sweet, a widely used medicinal plant species in Southern 

Africa. Six-week-old H. odoratissimum seedlings were grown in aquaponic and hydroponic 

systems. The growth parameters, secondary metabolite contents, and antifungal activity 

against Fusarium oxysporum were assessed. The results for crop yield (plant height, fresh and 

dry weights) and the tissue nutrient contents did not change substantially (p > 0.05) between 

aquaponic and hydroponic treatments. Gas chromatography–mass spectrometry (GC–

MS) analysis showed that monoterpenes and sesquiterpenes were the most abundant 

compounds in H. odoratissimum; however, no statistical difference was observed among the 

field, hydroponic, and aquaponic plants (DF = 2; χ2 = 2.67; p > 0.05). While there was no 

significant difference in polyphenol contents among the three treatments, remarkably, the 

mailto:nchuf@cput.ac.za
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flavonol contents in the leaves varied significantly (DF = 2; χ2 = 6.23; p < 0.05) among the 

three treatments. A higher flavonol content occurred in leaves from the hydroponic system 

than in leaves from the aquaponic (p < 0.05) and field (p > 0.05) systems. The MIC results 

showed that the ethanolic extract of H. odoratissimum was fungistatic against F. oxysporum; 

however, this effect was more prominent in the ethanol extracts of plants grown in the aquaponic 

system, with a mean MIC value of 0.37 ± 0.00 mg/mL The key findings of this study are that 

aquaponically cultivated plants exhibited the best antifungal activity, while higher total flavonol 

contents occurred in the hydroponically cultivated plants. In conclusion, aquaponics and 

hydroponics performed better or similar to field cultivation and are viable alternative methods 

for cultivating H. odoratissimum plants. 

Keywords: H. odoratissimum; Asteraceae; secondary metabolites; antioxidants; aquaponics; 

hydroponics 

 

3.1. Introduction 

 

The world’s population has grown rapidly in the last century and is predicted to reach 10 billion 

by 2050 (Barea, 2015; Chen et al., 2020). This rapid population growth severely strains natural 

resources, including plants, water, and land. These resources are already overexploited 

(Hanjra and Qureshi, 2010; Goddek et al., 2020; Surendran et al., 2021). Anthropogenic 

factors, including conventional agricultural practices, are significant drivers of environmental 

degradation (Chen et al., 2020). Traditional (soil-based) cultivation is often associated with 

high inputs of heavy inorganic fertilizers, synthetic pesticides, and water (Santos et al., 2012). 

Lately, there has been an appreciation of the need to adopt environmentally friendly crop 

cultivation methods to mitigate environmental degradation. Aquaponics and hydroponics are 

increasingly used to cultivate vegetables; however, using these systems to grow medicinal 

plants is novel. Both cultivation technologies could limit the exploitation of some endangered 

medicinal plants from the wild, reduce water wastage during crop cultivation, and enhance the 

commercialization of medicinal plants (Nchu et al . ,  2018). Cultivating fish and medicinal 

plants in aquaponics is feasible and ecologically friendly and integrates hydroponics and 

aquaculture. Aquaponics is regarded as one of the most resource-efficient production systems 

(Stadler et al., 2015), where wastewater is recycled and reused, minimizing contamination of 

adjacent water bodies (Nuwansi et al., 2021). 

In hydroponics, another type of soilless cultivation, plants are grown in a sterile nutrient solution 

(water culture) and inert substrate (Pardossi et al., 2006). Cultivating medicinal plants under 
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precise and controlled environmental conditions in a hydroponic system improves quality, 

bioactivity, and biomass output on a commercial scale (Polycarpou et al., 200; Jousse et al., 

2010). This approach is beneficial in areas with persistent environmental stresses, such as 

extreme cold, heat, and drought (Polycarpou et al., 200). The prospect of using these 

cultivation systems to optimize the synthesis of secondary metabolites in highly valued 

medicinal plants is enticing (Léonhart et al., 2002; Maggini et al., 2014).  

Secondary metabolites produced by plants play a crucial role in plants’ defense, protection, 

and signaling systems (Griesser et al., 2015). Notably, many of the secondary metabolites 

produced by plants are valuable to the pharmaceutical industry (Pezzuto, 1995). Some 

bioactive compounds have pharmacological or toxicological effects on humans and animals 

(Bernhoft, 2010). Some plant-based compounds have cosmetics and nutritional uses; they 

produce drugs, dyes, fragrances, and dietary supplements (Li et al., 2020). Plant pathogens 

and predatory insects have been successfully controlled using plant extracts with high 

bioactive secondary metabolite contents (Stock et al., 201; Lahlali et al., 2022; Ntobela et al., 

2022). Therefore, developing cultivation protocols to optimize the secondary metabolite 

content, and thus, the medicinal value of plants, is certainly a worthy research venture. 

Helichrysum odoratissimum (L.) Sweet belongs to the Asteraceae family, and is a spreading 

perennial shrub with linear, oblong leaves that are greyish-white and woolly on both sides 

(Serabele et al., 2021). The flowers are pale golden yellow, with tiny flower heads borne in 

clusters at the terminals of the branches, woody at the base, erect, and up to 50 cm high, and 

bloom all year (Matrose et al., 2021). It is an aromatic species, and it is widely distributed 

throughout intertropical and Southern Africa (Van Puyvelde et al., 1989). Helichrysum 

odoratissimum is one of the most harvested and traded plants in South Africa (Serabele et al., 

2021). Many studies have validated its traditional uses in traditional medicinal treatment of 

abdominal pains, heartburn, fever, catarrh, headache, menstrual problems, urinary tract 

infections, and wounds (Serabele et al., 2021; Van Puyvelde et al., 1989). 

Numerous compounds, including chalcone, helichrysetin, 3,5-dihydroxy-6,7,8-trimethoxy 

flavone, 3-0-methylquercetin, and 3′,4′,3,5-tetrahydroxy-7-methoxyflavone, are found in the 

flowers of H. odoratissimum (Van Puyvelde et al., 1989; Legoale et al., 2013). The crude 

extracts and isolated compounds from H. odoratissimum exhibit pharmacological effects such 

as antibacterial, antimycobacterial (Lall and Meyer,1999; Seaman, 2006),  antifungal (Boily 

and Van Puyvelde,1989; Van Puyvelde et al., 1989; Mathekga, 2004; Seaman, 2006; Reddy, 

2007), anti-inflammatory (Frum and Viljoen, 2006), and antioxidant (Lall and Meyer, 1999) 

effects, as well as cytotoxicity and toxicity  (Maroyi, 2017). 

One of the most significant problems that impedes optimal crop production is the spread of 
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pathogens in plants. Fusarium wilt (Fusarium oxysporum) is one of the most common pests; it 

is widespread in nature and capable of causing significant crop and economic losses (Lahlali 

et al., 2022). Aquaponically and hydroponically cultivated H. odoratissimum could be a source 

of active plant extracts against Fusarium oxysporum (Stock et al., 2017). 

This study aimed to evaluate the prospects of using aquaponics and hydroponics as alternative 

approaches to soil cultivation by comparing the crop yields, secondary metabolite contents, 

and the antifungal activities of H. odoratissimum extracts cultivated in aquaponic and 

hydroponic systems. 

 

3.2. Materials and Methods 

 

3.2.1 Research Design 

 

Four-week-old, rooted cuttings of H. odoratissimum were grown using two cultivation systems 

(hydroponic and aquaponic), representing two treatments. Data on plant growth, secondary 

metabolite contents, and antifungal activity were obtained at the end of the experiment. The 

secondary metabolite contents and antifungal activities of plants obtained from aquaponics 

and hydroponic systems were compared with field-cultivated plants. Helichrysum 

odoratissimum seedlings were acquired from Shadowlands Wholesale Nursery Pty. Ltd. in 

Zevenwacht Link Road, Kuilsriver 7580, Western Cape. Plant specimens were mounted and 

deposited in the Herbarium of the Department of Horticultural Sciences, Cape Peninsula 

University of Technology (CPUT), Bellville campus, Cape Town. The roots were carefully 

cleaned and separated to eliminate potting soil debris. The plants were laid out on a cement 

floor and arranged in a completely randomized design inside the research greenhouse, where 

they were exposed to natural sunlight entering through the polycarbonate ceiling of the 

greenhouse. 
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3.2.2 Greenhouse Experiment 

 

The experiment was conducted in a greenhouse on the Bellville campus of the Cape Peninsula 

University of Technology (CPUT). Plants were cultivated using aquaponic as presented in 

(Figure 3.1) and hydroponic techniques (Figure 3.2). For the hydroponic system, 4-week-old 

rooted seedlings of H. odoratissimum were transplanted into 23 cm diameter pots containing 

a substrate mix of two parts pine bark, one part perlite, and one part vermiculite. Fifteen 

replicates of H. odoratissimum seedlings were used. The plants were watered daily using 400 

mL of deionized water and supplied with Nutrifeed fertilizer (Starke Ayres Pty. Ltd., Cape Town, 

South Africa), consisting of the following ingredients: nitrogen (65 mg kg−1), phosphorus (27 

mg kg−1),  potassium (130 mg kg−1),  calcium (70 mg kg−1),  copper (20 mg kg−1), sulfur (75 mg 

kg −1), boron (240 mg kg−1), magnesium (240 mg kg−1), and zinc (240 mg kg−1). The fertilizer 

was mixed with deionized water at a dosage of 10 g/5 L. Each plant received 100 mL of the 

nutritional solution fortnightly, with a pH of 6.5 and an EC of 2 mS cm− 1, using Milwaukee EC 

50 and pH 55 kits supplied by Spraytech Pty. Ltd., Cape Town, South Africa). A recirculating 

aquaponic system was used in the aquaponic system.  The system consisted of a fish tank 

containing a pump and plant grow beds (four black 50 L plastic containers with perforated lids 

to fit the net pots). The aquaponic system had four fish tanks containing 400 L of water each 

and a submersible pump that pumped the wastewater (nutrient-rich water) from the tank to a 

grow bed through a PVC pipe. The grow bed had a deep culture design. It consisted of two 

black 50 L plastic containers with a perforated lid to fit the net pots. Fifteen Helichrysum 

seedlings were transplanted into net pots containing a mixture of perlite and coco coir (50:50 

ratio) as substrate. The plants were watered from the bottom through the drain holes in the net 

pots immersed in the nutrient-rich water pumped from the fish tank. Recycled water from the 

grow-bed returned to the fish tank. Thus, recycling of the nutrient water was continuous. An air 

pump (Regent 7500) connected to an air stone using tubing was used to improve dissolved 

oxygen at 150 L/H in the fish tank. Each grow bed had 15 seedlings fed from the same fish 

tank. Ten-to-fifteen-centimeter Goldfish fingerlings (Carassius auratus) and fish food (Koi and 

Goldfish powder, small pellets) supplied by Stodels Nursery Pty. Ltd., Doncaster Road, 

Kenilworth 7708, Western Cape, South Africa, were used in this study. Twenty Goldfish 

(Carassius auratus) were placed in each tank (1000 L capacity).   The constituents of the fish 

meal were maize, rice, wheat, wheat germ, dehulled soybean meal, lysine, methionine, lime, 

dicalcium phosphate, vitamins (A, D, E, K, BI, B2, B6, B12), biotin, folic acid, inositol, minerals, 

colorants, spirulina, immune stimulants, vegetable fats, natural antioxidants, and betaine. The 

fish were fed twice daily at 08:30 am and 4:00 pm. The aquaponic setup was replicated four 

times. The experiment lasted for 6 weeks. At the end of the experiment, plant height (cm) and 

fresh and dry weights (g) of aquaponically and hydroponically produced plants were recorded. 
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The growth parameters of field plants were not assessed because the plants were already 

cultivated and established on the premises of the Bellville campus of CPUT before the 

commencement of the study. The harvested plant materials were used for tissue nutrient and 

secondary metabolite content analysis and were screened for antifungal activities. The leaves 

of randomly selected field H. odoratissimum plants were harvested, secondary metabolites 

were characterized, and antifungal activity was assayed. The greenhouse conditions were 15–

26 ℃ and 74% RH. The EC level of the nutrient solution in the fish tank was 0.8 mS cm−1 and 

the pH was 6.3. The secondary metabolite contents and antifungal activity of plants obtained 

from the aquaponic, and hydroponic systems were compared with the field-cultivated plants. 

 

    

    Figure 3.1: Experimental setup of aquaponic system with two 400L of fish tanks 
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     Figure3.2: Hydroponics set-up with H.odoratissimum plants
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3.2.3 Plant Tissue Analysis 
 

Fresh aerial plant materials (leaves) obtained from the aquaponic, and hydroponic systems 

were sent to a certified commercial laboratory (Bemlab Pty. Ltd. in Somerset West, South 

Africa) for the analysis of macroelements and microelements. Aerial parts (leaves) of plants 

were washed with Teepol solution, rinsed in deionized water, and dried in an oven at 70 ℃ 

overnight. The dried leaves were then powdered and ashed at 480 ℃ for extraction using filter 

paper in a 50:50 HCl solution (Campell and Plank, 1998). The concentrations of potassium (K), 

phosphorus (P), calcium (Ca), magnesium (Mg), sodium (Na), manganese (Mn), iron (Fe), 

copper (Cu), zinc (Z), and boron (B) were measured in the extracts (Campbell and Plank, 1998 

and Miller, 1998). Total combustion in a Leco N analyzer was used to determine the total 

nitrogen contents of the leaves. A conversion factor of 10,000 was used to convert the amounts 

of N, P, K, Ca, and Mg from percentages to mg/kg (Xego et al., 2017). Three replicates from 

each treatment were analyzed. 

3.2.4 In Vitro Fungal Screening Using Microdilution Method 
 

The microdilution method was used to assess the extracts’ minimum inhibitory con- centration 

(MIC), as described by Eloff (1998) and Nchu et al. (2010). Five grams of milled H. 

odoratissimum leaf materials from three replicates were extracted with 25 mL ethanol 

overnight, and then filtered, and the filtrate was evaporated under a fan. To produce a starting 

concentration of 6 mg/mL, the extracts were diluted in ethanol and transferred to the first row 

of a 96-well microplate with wells containing 100 µL of sterile distilled water. Thereafter, the 

extracts were serially diluted twofold. A Fusarium oxysporum strain (UPFC no. 21) maintained 

at CPUT’s Department of Horticultural Sciences was used in the microdilution assay. Fungal 

conidia obtained from stock agar plates were transferred to Nutrient Broth (Merck Pty. Ltd., 

Cape Town, South Africa) and incubated at 25 ℃ for 4 h. One hundred microliters of conidial 

suspension (105 conidia/mL) were added to each of the 96 wells of the microplates containing 

the plant extract. Dithane (Stodels Nursery Pty. Ltd., Garden Centre, South Africa) (200 mg/25 

mL) was used as a positive control, and the negative control was the solvent blank (ethanol). 

Each microplate well was filled with 40 µL of 0.2 mg/mL p-iodonitrotetrazolium chloride (INT) 

(Sigma Aldrich SA Pty. Ltd., Kempton Park, South Africa) diluted in sterile distilled water, 

sealed in a plastic bag, and incubated at 37 ℃ and 100% RH. In the presence of fungus 

development, the colorless tetrazolium salt was reduced to a red-colored formazan product. 

At 18 h of incubation of the microtiter plates, the MIC values were recorded by visually 

comparing the pink color of the wells. The antifungal bioassay (MIC) included three replicates 

of each treatment. 
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3.2.5 Determination of Antioxidant Activities (FRAP, ABTS and DPPH) 
 

3.2.5.1 Ferric Reducing Antioxidant Powder (FRAP) 
 

The FRAP assay was carried out according to Benzie and Strain’s procedure (1996). In a 96-

well microplate, 10 µL of the crude extract was combined with 300 µL FRAP reagent (0.3 µM 

acetate buffer, pH 3.6) (Saarchem, South Africa), 10 mM 2,4,6-tripyridyl-s- triazine (TPTZ) in 

0.1 µM HCl (Sigma Aldrich SA Pty. Ltd., Kempton Park, South Africa), 20 mM iron (III) chloride 

hexahydrate (FeCl, 593 nm). As a standard, L-ascorbic acid (Sigma Aldrich SA Pty. Ltd., 

Kempton Park, South Africa) was employed at concentrations ranging from 0 to 1000 µM. The 

absorbance was determined. The results were represented in milligrams of ascorbic acid 

equivalent per gram of dry weight (milligrams of AAE/g DW). Three replicates from each 

treatment were analyzed.
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3.2.5.2 Antioxidant Capacity of 2,2'-diphenylpicrylhydrazyl (DPPH) Radicals 
 

The DPPH free radical scavenging activities of the samples were determined according to 

Katalinic´ et al. (2004). A solution of 0.135 mM DPPH produced in a dark container was used 

to create the DPPH radical Olatunji and Afolayan, 2019). Approximately 300 µL of DPPH 

solution was combined with 25 µL of the crude extract and graded concentrations (0 and 500 

µM) of Trolox standard (6-hydroxy-2,5,7,8-tetramethylchroman-2-20 carboxylic acid). After a 

30 min incubation period, the absorbance at 517 nM was determined as µM/Trolox equiva- 

lent per gram of dry weight (µM TE/g DW). 

3.2.5.3 2,2'-azino-bis-3-ethylbenzothiazoline-6-sulfonic acid (ABTS) Antioxidant 
Capacity 
 

The ABTS assay was carried out using the method described by Re et al. (1999). Stock 

solutions of 7 mM ABTS and a 140 mM potassium peroxodisulfate (K2S2O8) (Merck, South 

Africa) were used. The working solution was then produced by mixing 88 µL of K2S2O8 with 5 

µL of ABTS solution. The two solutions were thoroughly mixed and left to react at room 

temperature in the dark for 24 h. The standard was Trolox (6-hydroxy-2,5,7,8- 

tetramethylchroman-2-20 carboxylic acid) at concentrations ranging from 0 to 500 µM. The 

crude extracts (25 µL) were allowed to react with 300 µL of ABTS at room temperature for 30 

min before being read in a plate reader (Multiskan Thermo Scientific, version 1.00.40, Vantaa, 

Finland) at 734 nm at 25 ℃. The results were represented as µM/Trolox equivalent per gram 

of dry weight (µM TE/g DW). 

3.2.6 Secondary Metabolite Contents 
 

3.2.6.1 Determination of Total Polyphenol and Flavonol Contents 
 

The total polyphenol contents of dried H. odoratissimum samples (leaves) were de- termined 

using the Folin–Ciocalteu procedure (Singleton et al., 1999). Twenty-five microliters of 

aqueous extracts were mixed with 125 µL of Folin–Ciocalteu reagent (Merck Pty. Ltd., Cape 

Town, South Africa) in a 96-well microplate and diluted 1:10 with distilled water in a 96-well 

microplate. The well was filled with 100 µL of aqueous Na2CO3 (7.5%) after 5 min (Sigma 

Aldrich SA Pty. Ltd., Kempton Park, South Africa). The plates were incubated for 2 hour at 

room temperature before being examined at 765 nm with a Multiskan plate reader (Thermo 

Electron Corporation, Waltham, Massachusetts, USA). The results are represented as mg 
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gallic acid equivalents per gram of dry weight (mg GAE/g DW) using 0, 20, 50, 100, 250, and 

500 mg/L gallic acid in 10% ethanol (Singleton et al., 1999; Espinoza et al., 2019). 

The total flavonol content of dried leaves of H. odoratissimum plants was evaluated using a 

standard of quercetin 0, 5, 10, 20, 40, and 80 mg/L in 95% ethanol (Sigma Aldrich SA Pty. Ltd., 

Kempton Park, South Africa). A volume of 12.5 µL of crude aqueous extracts was combined 

with 12.5 µL of 0.1% HCl (Merck Pty. Ltd., Cape Town, South Africa) in 95% ethanol and 225 

µL of 2% HCl in the sample wells, which were incubated at room temperature for 30 min. At a 

temperature of 25 ℃, the absorbance was measured at 360 nm. The results are represented 

in milligrams of quercetin equivalent per gram of dry weight (mg QE/g DW) (Espinoza et al., 

2019). Three replicates from each treatment were analyzed. 

3.2.7 GC/MS Analysis (Headspace) and Secondary Metabolite Analysis 
 

3.2.7.1 Sample Preparation 
 

Fresh plant materials (leaves) were freeze dried overnight at –80 ℃. After that, 1 g was 

weighed into a solid phase microextraction (SPME) vial, along with 2 mL of 12% ethanol. 

solution at pH3.5 and 3 mL of 20% NaCl solution. A divinylben- 

zene/carboxen/polydimethylsiloxane (DVB/CAR/PDMS) SPME fiber was used to analyze the 

headspace of all the samples (grey).  Three replicates from each treatment were analyzed. 

3.2.7.2 Chromatographic   Separation 
 

To determine the relative abundance of secondary metabolites, a method reported by Matrose 

et al. (2021) was used in the separation of volatile compounds using gas chromatography 

(6890N, Agilent Technologies Network) coupled to an Agilent Technologies Inert XL/CI Mass 

Selective Detector Analytics PAL autosampler. The separation of volatiles present in the 

samples was achieved using a polar ZB-WAX (30 m, 0.25 mm ID) at a flow rate of 1 mL/min, 

and helium was used as the carrier gas. With a 5:1 ratio, the injector temperature was kept at 

250 ℃. The temperature of the oven was programmed as follows: 35 ℃ for 6 min, then 3 ℃/min 

to 70 ℃ for 5 min, then 4 ◦C/min to 120 ℃ for 1 min, and lastly, 20 ℃/min to 240 ℃, and 

maintained for 2.89 min. The Mass Selective Detector (MSD) was in full scan mode when the 

incident occurred. Volatile compounds exhibiting a match quality of at least 90% with the mass 

spectral library were identified and reported. 
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3.2.7.3 Statistical Analysis 
 

The experimental data for the plant growth parameters (plant height, fresh and dry weight), 

tissue nutrient content, and secondary metabolite contents were analyzed using the Kruskal–

Wallis test at p < 0.05 level of significance. Furthermore, multiple comparisons of the means 

were carried out using the Mann–Whitney test. PAST was used to carry out these 

computations (Hammer et al., 2001), and the number of volatiles in the aquaponics, 

hydroponics and field plants were compared using Pearson’s chi-square test.
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3.3   Results 
 

3.3.1 Plant Height 
 

The results show that the heights of aquaponically and hydroponically cultivated H. 

odoratissimum plants did not vary significantly (DF = 1; χ2 = 1.128; p > 0.05) (Table 1). 

However, it was observed that aquaponic plants had considerably longer mean shoot lengths 

(17.06 cm) than hydroponic plants (15.93 cm) (Table 3.1). 

 

Table 3.1: Growth parameters (mean ± SE) of H. odoratissimum grown in aquaponic and hydroponic 
systems for six weeks under greenhouse conditions 

Treatments Plant Height (cm) Fresh Weight (g) Dry Weight (g) 

T1  

T2 

17.06 ± 0.48a 

15.93 ± 0.45a 

9.83 ± 1.85a 

5.57 ± 0.53a 

4.98 ± 1.06a 

2.53 ± 0.28b 

Values shown are mean S.E. Means followed by the same lowercase letters in the same column are 

not significantly different (p < 0.05) following comparison using the Mann–Whitney test for aquaponic 

(T1) and hydroponic systems (T2). 

 

3.3.2 Fresh and Dry Weight 
 

When the weights of plants grown in aquaponic and hydroponic systems were com- pared six 

weeks after treatment, there was a significant difference between the H. odoratissimum plants 

cultivated in aquaponic and hydroponic treatments (DF = 1; χ2 = 4.84; p = 0.02; p < 0.05); the 

fresh weight of aquaponic plants was greater than that of hydroponic plants (Table 3.1). 

Aquaponic and hydroponic treatments did not significantly differ in the dry weights of H. 

odoratissimum (DF = 1; χ2= 4.41; p < 0.05). Nevertheless, plants produced in the aquaponic 

system were heavier than plants cultivated in the hydroponic system. 

3.3.3 Tissue Analysis 
 

3.3.3.1 Macronutrients 
 

The macronutrient contents, in terms of carbon, potassium, and calcium, in H. odoratissimum 

did not differ significantly between aquaponic and hydroponic treatments: C (DF = 1; χ2 = 2.68; 

p > 0.05), K (DF = 1; χ2 = 2.14; p > 0.05), and Ca (DF = 1; χ2= 2.24; p > 0.05) (Table 3.2). 

However, the macronutrient contents of N, P, and Mg, on the other hand, were significantly 
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different (p < 0.05) among aquaponic and hydroponic plants. The highest mean tissue nutrient 

contents in plants were obtained in plants grown in the hydroponic system: N (16,000 mg/kg), 

P (3400 mg/kg), and Mg (1950 mg/kg). Broadly, plants grown in the hydroponic system had 

higher tissue contents of macronutrients than aquaponically cultivated plants.
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Table 3.2: Tissue nutrient contents of shoots (mean ± SE) of H. odoratissimum grown in aquaponic and hydroponic systems for six weeks under greenhouse 
conditions 

 

 

 

 

 

 

 

 

Means followed by the same lowercase letters in the same column are not significantly different (p > 0.05) following the Mann–Whitney test comparison. T1, 

aquaponic; T2, hydroponic.

Treatments   Quantity 
(mg/kg) 

   

 C N P K Ca Mg 

T1  462300 ± 2655.81a 

 

11350 ± 317.54a 1650 ± 28.87a 6600 ± 115.47a 6850 ± 433.01a 747.5± 28.33a 

T2  454350 ± 4070.32a 16000 ± 1096.96b 3400 ± 346.41b 22850 ± 11113.10a 8000 ± 635.08a 1950 ± 86.60b 
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3.3.3.2 Micronutrients 
 

Plants grown in the aquaponic system had significantly higher leaf tissue micronutrient 

contents for the majority of elements, Mn (DF = 1; χ2 = 8.54; p < 0.05), Cu (DF = 1; χ2 = 185.41; 

p < 0.05), and Zn (DF = 1; χ2 = 71.12; p < 0.05), analyzed than those in the hydroponic system, 

which, on the other hand, yielded significantly higher (DF = 1; p < 0.05) tissue contents for B 

and Fe (Table 3.3). 
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Table 3.3: Tissue nutrient contents of shoots (mean ± SE) of H. odoratissimum grown in aquaponic and hydroponic systems for six weeks under greenhouse 
conditions  

 

 

 

 

 

 

 

 

Means 

followed by the same lowercase letters in the same column are not significantly different (p > 0.05) following the Mann–Whitney test comparison. T1, aquaponic; T2, 

hydroponic.

Treatments   Quantity (mg/kg)    

 

 

Na Mn Fe Cu Zn B 

T1  14445± 707.25a 

 

103.8± 8.78a 147.67± 25.85a 17.1± 0.75a 116± 6.93a 15.43± 0.60a 

T2  4570 ± 300.22b 78.15 ± 0.09b 168.5± 22.81a 5.1± 0.46b 44.4± 4.91b 48.07± 2.63b 
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± 

 

3.3.4 Secondary Metabolites (Polyphenols and Flavonol) 
 

When the three cultivation methods were evaluated, there was no significant difference (DF = 

2; χ2 = 4.25; p = 0.07) in total polyphenol contents (mg GAE/g) in the leaves of H. 

odoratissimum (Table 3.4). However, plants cultivated via hydroponics had higher polyphenol 

contents (592.98 ±76.88 mg GAE/g) when compared with the aquaponic and field- collected 

plants. The flavonol contents in the leaves varied significantly (DF = 2; χ2 = 6.23; p < 0.05) 

among the three treatments. Hydroponic cultivation produced a significantly higher flavonol 

capacity compared to aquaponic (Table 3.4). 

 

Table 3.4: Mean ± SE total polyphenol (mg GAE/g) and flavonol (mg GAE/g) contents of leaves of H. 
odoratissimum grown using different cultivation methods 

Treatments Polyphenols  

(mg GAE/g) 

 

Flavonols 

 (mg QE/g) 

 

T1  

 

434.46± 27.67a  

 

102.42± 10.27a 

 

T2  

 

592.98± 76.88a 

  

 

172.85± 19.07b 

T3  358.15± 58.75a 147.91± 12.01ab 

 

Means followed by the same lowercase letters in the same column are not significantly different (p > 

0.05) following the Mann–Whitney test comparison. T1, aquaponic; T2, hydroponic; T3, field 

 

3.3.5  Antioxidant Capacity (FRAP, ABTS, and DPPH) 

The FRAP analysis of H. odoratissimum revealed no significant effect (DF = 2; χ2 = 2.69; p = 

0.14) of treatment on the antioxidant capacity of the plant extracts from the three cultivation 

techniques (Table 3.5). However, plants grown via hydroponics produced a higher mean value 

in the FRAP bioassay (3078.55 ± 355.44 µmol AAE/g) than aquaponic (2350.46 ± 200.18 µmol 

AAE/g) and field-collected plants (2196.50 ± 284.01a µmol AAE/g). In the DPPH test, which is 
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based on the ability of an antioxidant to donate a hydrogen atom to the DPPH free radical, the 

extracts from the hydroponically cultivated plants displayed higher antioxidant activity; 

nevertheless, the DPPH contents (mol TE/g) did not vary substantially among the three 

cultivation methods (DF = 2; χ2 = 0.91; p = 0.4). Similarly, the ABTS capacity (µmol TE/g) 

results indicate that the hydroponic plants produced a significantly higher value com- pared to 

aquaponic and field-collected plants (DF = 2; χ2 = 8.44; p = 0.01) (Table 3.5). Broadly, H. 

odoratissimum plants cultivated in hydroponics had the best antioxidant activity. 

 

Table 3.5: Mean ± SE of FRAP (µmol AAE/g), ABTS (µmol TE/g), and DPPH (µmol TE/g) contents of 
leaves of H. odoratissimum grown using different cultivation methods 

 

Treatments FRAP 

 (umol AAE/g) 

ABTS 

 (umol TE/g) 

DPPH  

(umol TE/g) 

 

T1  

 

2350.46± 200.18a 

 

3163.67± 209.76ab 

 

1639.13± 50.86a  

 

T2 

 

3078.55± 355.44a 4163.4± 344.29b 1907.1± 230.34a 

T3 2196.50± 284.01a 2836.2± 86.15b 1902.7± 146.29a  

 

Means followed by the same lowercase letters in the same column are not significantly different (p > 

0.05) following the Mann–Whitney test comparison. T1, aquaponic; T2, hydroponic; T3, field 

 

3.3.6 Analysis of Volatile Compounds 

 

The number of volatile compounds produced by plants did not differ substantially when the 

treatments (hydroponic, aquaponic, and field) were compared using the chi- square test (DF = 

2; χ2 = 2.67; p = 0.26) (Table 3.6). The total number of compounds detected was 116 for all 

three cultivation methods. However, when the individual compounds were compared among 

treatments, the concentrations of alpha-terpinene, styrene, beta-ocimene, and cyclohexanone 

were significantly higher (DF = 2; p < 0.05) in the hydroponic plants (Table 3.6). Some 
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compounds were substantially higher (DF = 2; p < 0.05) in aquaponic plants compared to 

hydroponic and field-collected plants, which included alpha-phellandrene, o-ethyltoluene, 

tetradecane, alpha-terpineol, alpha-curcumene, and palustrol. 

 

Table 3.6: Volatile compounds in H. odoratissimum plants grown in aquaponic, hydroponic, and field 
systems 

Compounds 

Aquaponics Peak 
Area  
in the 
chromatogram 

 

Hydroponics 

Peak Area in the 
chromatogram  

Field plants Peak 
Area  
in the chromatogram  

Retention 
times 

decane 0.88 ± 0.02a              1.28 ± 0.33a 
0.92 ± 0.01a 

 
5.48 

alpha-pinene 3.31 ± 0.00b   24.33 ± 6.09a  20.06 ± 0.78a 5.79 

nonadecane 0.21 ± 0.10a   0.61 ± 0.14a  0.42 ± 0.07a 6.68 

camphene 0.21 ± 0.12a  
1.15 ± 0.48a 

    
0.37 ± 0.01a 7.01 

4-methyl-octane 0.60 ± 0.30a   2.69 ± 0.94a 
1.03± 0.11a 

    
7.38 

beta-pinene 0.79 ±0.06a   
2.68 ± 0.93a 

   

1.03 ± 0.11a 

     
8.13 

undecane 0.53 ± 0.05a  0.43 ± 0.00a 
0.42 ± 0.00a 

    (8.34) 
8.34 

alpha-phellandrene 2.26 ± 1.11a   0.31 ± 0.15a 0.48 ± 0.04a 8.47 

myrcene 0.77 ± 0.38a   
3.22 ± 1.03a 

       
1.38 ± 0.09a 9.59 

beta-phellandrene 0.33 ± 0.03b  0.50 ± 0.04a 0.51 ± 0.01a 12.28 

1,8-cineole - (eucalyptol) 4.33 ± 0.04a  6.90 ± 0.36a 
5.83 ± 1.71a 

     
12.9 

o-Ethyltoluene 2.13 ± 1.17a   0.31 ± 0.03a 
0.18 ± 0.10a 

    
12.19 
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ocimene 1.40 ± 0.50a   
6.54 ± 2.15a 

     
2.53± 0.28a 14.17 

gamma-terpinene 1.42 ± 0.57a   
6.443 ± 2.05a 

      

2.79 ± 0.37a 

  
11.87 

styrene 0.22 ± 0.10a  
0.67 ± 0.13b 

     
0.45 ± 0.02ab 14.72 

beta-ocimene 0.24±0.09a   0.66 ± 0.13a 0.44 ± 0.03a 14.72 

para- cymene 5.18 ± 1.86a   14.76 ± 4.69a 
9.16 ± 0.87a 

    
15.24 

1,2,3-trimethylbenzene  0.01 ± 0.01a   5.91 ± 0.92b            –  

alpha-fenchene 0.22± 0.12a   1.38 ± 0.58a 
0.32 ±0 .10a 

   
15.66 

alpha-terpinolene 0.89 ± 0.20a   2.44 ± 0.46b 1.29 ± 0.13ab 15.76 

cyclohexanone 2.37 ± 0.32b   1.07 ± 0.08a 
4.00 ± 0.06c 

     
15.76 

2,6,6-

trimethylcyclohexanone 
0.01 ± 0.01a   0.10 ± 0.00b 0.16 ± 0.01c 15.99 

3-hexenyl-acetate 1.72 ± 0.86a   
3.07 ± 0.56a 

     
1.47 ± 0.43a 14.15 

2-heptenal 1.56 ± 0.56a   3.19 ± 0.45a 1.52 ± 0.41a 11.6 

6-methyl-5-hepten-2-

one 
1.07 ± 0.21a   

1.74 ± 0.23bc 

       
2.31 ± 0.13c 17.41 

allo-ocimene 2.77 ± 0.05a   3.33 ± 0.47a 3.19 ± 1.84a 19.19 

octenyl -acetate 2.32 ± 1.09a   
1.67 ± 1.67a 

     

4.98 ± 0.62a 

   
16.27 

3-hexenol 0.21 ± 0.11a   0.49 ± 0.05a 
0.62 ± 0.15a  

      
19.74 

4-methyl-1,5-heptadiene 0.28 ± 0.05b   0.04 ± 0.01a 0.09 ± 0.01a 20 
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3-octanol-istd          –   – –  

3-ethyl-o-xylene 0.48 ± 0.16a   
0.62 ± 0.24a 

     
0.20 ± 0.00a 20.83 

para-cymenyl 0.90 ± 0.09a  0.96 ± 0.06a 
0.96 ± 0.10a 

   
20.96 

tetradecane 2.67 ± 0.46a   1.49 ± 0.85a 
1.03 ± 0.12a 

       
21.05 

1-octen-3-ol 4.07 ± 0.78a  14.15 ± 1.71b 
7.59 ± 1.01a 

     
21.74 

beta-fencyl-acetate 3.79 ± 0.79a   
13.77 ± 1.69b 

    
3.77 ± 0.03a 21.9 

6-methyl-5-hepten-2-ol 0.30 ± 0.00a  
2.67 ± 0.38b 

      
4.59 ± 0.05c 22.12 

2,5-dimethyl-p-xylene 0.51 ± 0.03a   2.17 ± 1.16ab 4.67 ± 0.07b 22.28 

alpha-ylangene 6.25 ± 0.01a   13.29 ± 3.98a 8.15 ± 0.63a 22.63 

italicene 2.93 ± 0.65a   4.64 ± 1.08a 
23.43 ± 0.85b 

       
22.99 

benzaldehyde 0.23 ± 0.09a   1.15 ± 0.26a 
26.18 ± 0.78b 

       
23.16 

allyl-isopentanoate 10.08 ± 1.34a   12.70 ± 1.05a 
 

5.24 ± 0.39b 
 

23.66 

gamma-curcumene 4.83 ± 0.20a   
2.83 ± 1.23a 

    
22.09 ± 2.19b 20.05 

l-linalool 6.71 ± 0.68a   
5.18 ± 2.09a 

    
52.53 ± 6.80b 24.32 

alpha-copaene 7.54 ± 0.91a  
13.07 ± 3.84a 

     
55.57 ± 8.76b 24.37 

cis-sabinene-hydrate 
0.01 ± 0.01a 

      
 

0.01 ± 0.00a 

   
1.08 ± 0.04b 24.63 
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e,e-alpha-farnesene 

 

2.29 ± 0.17a 

    

 4.67 ± 0.87b 3.45 ± 0.06ab 24.96 

fenchol 
1.40 ± 0.14a 

    
 

2.03 ± 0.60a 

     
2.28 ± 0.01a 25.13 

beta-caryophyllene 
115.48 ± 24.27a 

    
 114.71 ± 37.55a 

102.57 ± 20.13a 

       
25.71 

(+)-aromadendrene 
4.00 ± 0.46a 

     
 49.89 ± 25.87ab 

97.52 ± 12.59b 

          
25.8 

delta-elemene 
0.66 ± 0.23a 

  
 2.37 ± 0.61b 2.06 ± 0.02ab 25.84 

(-)-Isoledene 1.50 ± 0.31a  2.35 ± 0.44a  2.15 ± 0.19a 26.59 

ethyl-caprate 
1.05 ± 0.10a 

   
 2.23 ± 0.45a 

1.52 ± 0.11a  

    
26.87 

pinocarveol 
0.63 ± 0.01a 

    
 2.15 ± 0.34b 

0.59 ± 0.03a 

   
27.04 

gamma-elemene 
0.09 ± 0.03a 

     
 

0.14 ± 0.07a 

    
0.38 ± 0.04b 27.11 

alpha-humulene 
63.10 ± 1.97a 

   
 

110.20 ± 28.20a 

   

83.32 ± 7.45a 

   
27.74 

linalyl-propanoate 

 

27.80 ± 15.17a 

       

 

 

100.91 ± 23.74b 

        

 

7.35 ± 0.41a 

     

27.81 

alpha-humulene 
57.50 ± 3.19a 

      
 99.98 ± 24.27a  74.61 ± 9.23a 20.23 

acoradiene 
28.411 ± 15.58a 

 
 

101.85 ± 23.19b 

        
6.4 8± 0.37a 27.91 

1,8-menthadien-4-ol 4.11 ± 0.05a  5.25 ± 0.66a 12.61 ± 2.79b 28.09 
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beta-himachalene 
         –  

  
 0.73 ± 0.21b 0.44± 0.04ab 28.14 

beta-himachalene 

 

71.11 ± 35.55a 

       

 78.89 ± 39.44a         –        – 

alpha-terpineol 

 

140.01 ± 19.25a 

    

 

 

114.10 ± 2.44a 

      

103.51 ± 2.56a 19.05 

ledene 

 

250.73 ± 112.38a 

      

 232.02 ± 65.63a 

 

343.67 ± 40.25a 

       

28.65 

(+)-2-carene 

 

369.88 ± 2.36b 

 

 538.97 ± 44.64a 

 

508.44 ± 21.85a 

         

28.73 

valencene 

 

181.80 ± 104.35a 

 

 302.16 ± 173.95a 0.88± 0.08a 24.09 

alpha-gurjunene 

 

1.02 ± 0.39a 

    

 1.19 ± 0.25a 

 

0.36 ± 0.03a 

     

29.08 

eremophilene 

 

1.02 ± 0.39a 

   

 

 

1.19 ± 0.25a 

    

 

0.36 ± 0.04a 

     

29.11 

beta-selinene 

 

28.68 ± 2.82a 

     

 44.48 ± 10.06a 32.62 ± 3.45a 29.11 

neryl-acetate 27.44 ± 2.10a  45.58 ± 10.74a 32.62 ± 3.45a 29.93 
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alphabisabonele 
8.84 ± 1.15a 

 
 

16.43 ± 3.69a 

      

8.63 ± 0.95a 

     
29.31 

beta-bisabonele 
6.76 ± 0.57a 

     
 12.93 ± 2.74a 8.58 ± 1.22a 29.37 

alpha-cedrene 
5.89± 1.10a 

  
 

15.72 ± 4.63a 

      

10.33 ± 1.58a 

      
29.54 

7-epi-alpha-selinene 
17.24 ± 2.03a 

   
 

25.47 ± 4.27a 

     

22.90± 2.07a 

      
29.93 

delta-cadinene 
17.24 ± 2.03a 

 
 

25.37 ± 4.33a 

     

22.90 ± 2.07a 

     
30.24 

alpha-curcumene 
176.39 ± 24.57a 

       
 

100.28 ± 41.98a 

        
112.44 ± 50.42 30.24 

ar-curcumene 

 

 

180.67 ± 26.09a 

   

 

 

 

213.66 ± 20.00a 

     

192.62 ± 5.33a 30.57 

gamma-selinene 

 

2.59 ± 0.63a 

    

 62.51 ± 33.73a 

 

6.42 ± 0.15a 

     

30.62 

alpha-cadinene 

 

1.68 ± 0.21a 

    

 2.63 ± 0.67a 

 

1.92 ± 0.30a 

    

30.95 

nerol 

 

0.33 ± 0.03a 

   

 

 

0.91 ± 0.16b 

    

 

0.58 ± 0.06ab 

    

31.06 

2-phenylethyl-acetate 4.54 ± 0.01ab  5.93 ± 1.30b 2.32 ± 0.40a 31.18 
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isogeraniol 

 

0.42 ± 0.03a 

     

 

 

2.26 ± 0.41b 

     

0.83 ± 0.04a 31.29 

beta-damascenone 

 

0.42 ± 0.03a 

    

 2.26 ± 0.41b 

 

0.79 ± 0.06a 

    

31.29 

1s-calamenene 

 

5.48 ± 0.34b 

 

 0.34 ± 0.33a 4.13 ± 1.59ab 31.5 

carveol 

 

5.64 ± 0.38a 

   

 

 

8.72 ± 1.68a 

     

 

6.16 ± 0.36a 

   

31.61 

p-cymen-8-ol 

 

1.93 ± 0.66a 

    

 

 

0.92 ± 0.15a 

    

 

8.06 ± 0.55b  

   

31.85 

4-phenyl-2-btanone 

 

0.83 ± 0.04a 

    

 

 

0.75 ± 0.09a 

     

0.61 ± 0.07a 31.87 

ethyl-laurate 

 

2.04 ± 1.14a 

 

 

 

5.39 ± 1.75a 

      

2.97 ± 1.36a 31.98 

(e)-geranyl-acetone 

 

2.91 ± 0.73a 

     

 5.52 ± 1.83a 

 

5.00 ± 0.35a 

    

32.02 

ascaridole 

 

2.68 ± 0.78a 

     

 5.57 ± 1.84a 4.87 ± 0.32a 32.02 
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benzyl-alcohol 

 

0.72 ± 0.07a 

   

 

 

1.42 ± 0.26a 

   

 

1.20 ± 0.03a 

    

32.24 

4-ethyl-o-xylene 

 

2.08 ± 0.22a 

   

 3.21 ± 0.70a 2.49 ± 0.37a 32.24 

ethyl-3-

phenylpropionate 

 

2.15 ± 0.25a 

   

 

 

3.24 ± 0.73a 

    

 

2.69 ± 0.37a 
 

32.4 

phenylethyl_Alcohol 

 

 

4.80 ± 0.72a 

   

 

 

 

6.57 ± 1.13a 

     

3.19 ± 0.70a 32.4 

alpha-calacorene 

 

12.86 ± 1.61a 

      

 

 

21.67 ± 5.27a 

       

 

17.73 ± 1.19a 

     

32.8 

palustrol 

 

3.38 ± 0.08a 

 

 

 

3.20 ± 0.40a 

    

 

0.82 ± 0.05b 

     

32.92 

alpha-cubene 

 

2.70 ± 0.30a 

 

 3.47 ± 0.74a 

 

2.80 ± 0.31a 

     

33.23 

caryophyllene_Oxide 

 

2.54 ± 0.01a 

      

 

 

2.71 ± 0.52a 

    

3.02 ± 0.20a 33.91 

(+)-ledol 
 

2.42 ± 0.10a 
 

 

2.01 ± 0.24a 

 

2.02 ± 0.12a 

 

34.53 
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alpha-caryophyllene-

alcohol 

 

0.74 ± 0.03a 

    

 

 

0.71 ± 0.19a 

    

0.89 ± 0.01a 34.82 

fonenol 

 

14.12 ± 1.15a 

    

 15.36 ± 1.07a 13.65 ± 1.81a 34.83 

longifolenaldehyde 

 

12.54 ± 0.98a 

       

 13.88 ± 0.68a 

 

11.63 ± 1.76a 

       

34.87 

n-

benzylidenecyclohexyla

mine 

 

3.49 ± 0.35a 

 

 

 

3.47 ± 0.41a 

     

4.47 ± 0.38a 35.01 

cyclooctanone 

 

4.74 ± 0.01a 

    

 

 

7.54 ± 1.97a 

     

 

6.95 ± 0.72a 

     

35.16 

caryophyll-5-En-2-beta-

ol 

 

1.97 ± 0.13a 

    

 

 

1.54 ± 0.21a 

     

3.36 ± 0.07b 35.78 

t-cadinol 

 

1.57 ± 0.01a 

    

 

 

1.54 ± 0.21a 

    

 

1.52 ± 0.14a 

    

35.78 

eugenol 

 

12.06 ± 0.95a 

   

 12.31 ± 1.69a 

 

17.22 ± 1.52a 

      

35.94 

(+)-calarene 

 

1.20 ± 0.04a 

    

 

 

1.76 ± 0.17b  

     

1.36 ± 0.11ab 36.13 
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eudesm-7(11)-en-4-ol-

(juniper-camphor) 

 

1.24 ± 0.09a 

     

 

 

1.98 ± 0.24b 

    

 

1.27 ± 0.08a 

    

36.13 

beta-cadinene 

 

1.39 ± 0.11a 

     

 

 

1.55 ± 0.19a 

     

1.41 ± 0.05a 36.19 

epi-

bicyclosesquiphellandre

ne 

 

1.74 ± 0.44a 

     

 1.41 ± 0.14a 2.27 ± 0.18a 36.3 

carvacrolok 

 

2.95 ± 0.14a 

    

 3.47 ± 0.55a 3.61 ± 0.21a 36.46 

alpha-eudesmol 

 

6.33 ± 0.61a  

    

 

 

0.62 ± 0.09b 

     

 

8.06 ± 0.60a 

      

36.62 

beta-Eudesmol 

 

2.27± 0.15a 

    

 

 

2.48 ± 0.25a 

    

2.22 ± 0.18a 36.73 

decanoic_acid 

 

2.37 ± 0.09a 

   

 

 

4.03 ± 0.95a 

   

 

3.00 ± 0.53a 

   

37.08 

(-)-phyllocladene 

 

7.55 ± 0.76a  

    

 

 

9.58 ± 0.61a 

    

 

6.46 ± 1.03a 

    

38.44 

2,7-dimethyl-1,6-

octadiene 

 

5.83 ± 0.34a 

 

 11.11 ± 3.55a 

 

8.23 ± 1.75a 

    

38.57 

xanthorrhizol 1.95 ± 0.29a  3.34 ± 0.64a 3.27 ± 0.38a 40.9 
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* Volatile compounds having a match quality of at least 90% with the mass spectral library were identified 

and reported. Means followed by the same lowercase letters in the same column are not significantly 

different (p > 0.05) following comparison using Pearson’s chi-square test. 

 

3.3.7 In Vitro Fungal Activity Using the Microdilution Assay 

                 The Minimum Inhibitory Concentration of H. odorattisimum 

There was a significant difference in the minimum inhibitory concentrations among the three 

cultivation methods when the ethanol extracts of H. odorattisimum (DF = 2; χ2 = 7.5; p = 0.03) 

were screened against F. oxysporum at 18 h of incubation (Table 3.7). Treatment one 

(aquaponics) yielded the best fungistatic results, with an MIC value of 0.37 mg/mL, followed 

by hydroponics (0.56 ± 0.18 mg/mL). Treatment three (field-collected plants) yielded the least 

activity among all the treatments tested, with a MIC value of 0.75 mg/mL; this is equivalent to 

the synthetic fungicide (Dithane) used as a positive control, with a MIC value of 0.75 mg/mL 

(Table 3.7). 

Table 3.7: Anti-F. oxysporum activity (mean MIC ± SE) of ethanol extracts of H. odorattisimum plants 
that        were cultivated in aquaponic, hydroponic, and field systems 

Treatments MIC ± SE (mg/ml) 

18hours 

T1  0.37± 0.00b 

 

T2  0.56± 0.18a 

 

T3  0.75± 0.00b 

 

Dithane (Positive control) 0.75 ± 0.00a 

 

Negative control 0a 

 

Total number of 

compounds 

   

116 

 

116  

 

116 
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Values shown are mean S.E. Means followed by the same lowercase letters in the same column are 

not significantly different (p > 0.05) following the Mann–Whitney test comparison. T1, aquaponic; T2, 

hydroponic; T3, field 

 

3.4   Discussion 
 

Many previous studies have demonstrated the promising prospects of using aquaponics and 

hydroponics to cultivate vegetables sustainably (Graber and Junge, 2009; Pantanella et al., 

2010; Li et al., 2018; Obirikorang et al., 2021) in addition, the current results suggest that 

aquaponics and hydroponics can also be used to produce high-quality medicinal plants (Bakiu 

and Julian, 2014). This study’s findings show that aquaponics slightly outperformed 

hydroponics in plant growth (plant height, fresh and dry weight), although there were no 

significant differences between the two cultivation methods. These results agree with a 

previous study, which showed that the dry weights of Solanum lycopersicum L. did not 

significantly differ between organic and aquaponic cultivation methods (Braglia et al., 2022). 

Earlier, Ranawade et al. (2017) studied spinach yields in hydroponic, aquaponic, and 

traditional (soil-based cultivation) systems and found that aquaponically grown spinach had a 

higher yield than hydroponically and traditionally cultivated spinach. Additionally, Schmautz et 

al. (2016) used tomatoes to assess whether the mineral contents and nutritional quality in 

plants grown in aquaponically and conventionally grown tomatoes were similar; the 

aquaponically grown plants were equivalent or superior to conventionally grown tomatoes. 

Graber and Junge (2009) also reported that the plant yield of an aquaponic system was similar 

to conventional hydroponic production systems for three crops, aubergine, tomato, and 

cucumber. However, in an earlier study, Roosta and Ghorbani (2011) reported that 

hydroponics outperformed aquaponics in many of the assessed growth parameters for two 

species (Mentha sativa and Mentha piperita). These authors suggested the growth of plants in 

aquaponic systems was likely slowed down compared to hydroponic systems because of lower 

concentrations of critical nutrients, such as Mn and Mg, in Mentha sativa shoots, and N, P, Mg, 

and Mn in Mentha piperita. 

In this study, we found no clear association between the tissue nutrient contents and the plant 

growth parameters.   The tissue nutrient contents of C, Ka, and Ca were not significantly 

different between hydroponic and aquaponic plant leaves; however, the tissue macronutrient 

contents of N, P, and Mg were significantly higher in the hydroponic plants. Previous reports 

suggest that despite lower concentrations of most tissue nutrients in the aquaculture water, 

aquaponic plant growth results were comparable to those of hydroponics, and production can 

be even better than in soil cultivation (Graber and Junge 2009; Goddek et al., 2015; Bittsanszky 

et al., 2016; Delaide et al., 2016). In a recent study, researchers found that plants grown in 



73 
 

aquaponic systems grow at the same rate or even faster than conventionally or field-grown 

plants (Nuwansi et al., 2019). This result is not unexpected given that plants have optimal 

thresholds for each nutrient, beyond which growth may not be positively affected. Tissue 

macronutrient levels in H. odoratissimum plants in the hydroponic system were higher for N, 

P, and Mg. However, this was expected because hydroponic systems have readily available 

nutrients in the nutrient-rich medium, unlike aquaponic systems. However, concerning 

aquaponic performance in terms of tissue macronutrient contents in plants, it has been proven 

that aquaponic systems can generate comparable concentrations of K, Ca, and Mg (Pantanella 

et al., 2010). These elements are essential elements for plant growth (Pantanella et al., 2010). 

The aquaponic system outperformed the hydroponic system in many of the plant leaf tissues’ 

essential micronutrients (Mn, Cu, and Zn) (Table 3.3). Perhaps the high concentrations of 

these nutrients in the aquaponics plants could be due to the high concentration of these 

elements in fish feed, which is routinely dissolved in the water, and then absorbed by the 

plants. According to Palm et al. (2018), at least 50% of the nutrients in an aquaponic system 

come from uneaten fish feed and solid and soluble fish excretions; hence, monitoring the 

nutrient concentrations available for plant absorption is complex but critical. Future studies 

should continuously monitor the concentrations of minerals in the aquaponics system to 

establish the efficiency of nutrient cycling. 

When compared with aquaponic and field-collected plants, hydroponic plants had higher 

polyphenol content; however, there were no significant differences among the treatments. 

Plants in the hydroponics yielded considerably higher total flavonol content than the aquaponic 

plants and field plants, but they were also not significantly different. Broadly, these results 

demonstrate that aquaponics and hydroponics perform equally or even better in the case of 

hydroponics, than field-cultivated plants. Research has revealed that nutrient availability can 

significantly influence plants’ secondary metabolism and antioxidant activity (Yang et al., 

2018). While in the current study, the high levels of Cu, Zn, and Mn in aquaponics did not 

positively influence the secondary metabolites, the hydroponic plants had higher N, P, and Mg, 

and higher flavonol contents. Previously, it has been demonstrated that these macronutrients 

in higher levels influence secondary metabolite production. For example, Ibrahim et al. (2010) 

reported that nitrogen levels significantly affected the production of total phenolics and 

flavonoids in Labisia pumila Benth; total phenolics and flavonoids were reduced with increased 

concentration increased progressively. 

The essential oil profiles of H. odoratissimum have been studied extensively, revealing that 

these species produce a complex bouquet of vegetative and floral volatiles (Asekun et al., 

2007). Several essential oil products derived from Helichrysum sp.   are available for medical 

and non-medicinal uses on the market commercially. Although there was no statistical 

difference in the total number of volatile constituents in the three cultivation strategies, it is 
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worth mentioning that alpha-terpineol, a potent antioxidant and antifungal agent, occurred in 

higher concentrations in the aquaponic plants (Kuiate et al., 1999; Baldissera et al., 2016). 

Alpha-terpineol can cause leakage of the cytoplasm and serious hyphae distortions and spore 

disruptions in Aspergillus ochraceus (Khaleel et al., 2018; Kong et al., 2019). They are used 

as a pesticide substitute in plants because of their safety and efficiency. Other important 

compounds that occurred in significantly higher levels in aquaponic plants than in the 

hydroponic and field-collected plants included alpha-phellandrene, o-ethyltoluene, 

tetradecane, alpha-curcumene, and palustrol. Alpha-curcumene, isolated from the fresh aerial 

parts of Senecio selloi Spreng. D.C had high antifungal activity against Enterobacter cloacae 

(Silva et al., 2021). In previous research, monoterpenes and sesquiterpenes. Generally, 

monoterpene and sesquiterpene hydrocarbons dominated the essential oil of H. 

odoratissimum. Monoterpenes, sesquiterpenes, and diterpenes are some of the broad groups 

of compounds present in the essential oils of most plants, including the Helichrysum genus; 

these compounds are primarily responsible for the reported antifungal, antibacterial, 

antidiabetic, anti-inflammatory, antiulcer, anticancer, antioxidant, antinociceptive, and 

antispasmodic properties associated with these plants (Judzentiene and Butkiene, 2006). The 

beauty and pharmaceutical industries extensively use alpha-terpineol (-terpineol), a 

monoterpenoid alcohol which was also confirmed in this study (Zhang et al., 2019). Another 

significant sesquiterpene found in a variety of plant essential oils known as beta-caryophyllene 

has been linked to several significant pharmacological effects, including immune-modulating, 

anti-inflammatory, anti- cancer, cardioprotective, hepatoprotective, gastroprotective, and renal 

protective effects (Machado et al., 2018). Interestingly, the same compound was confirmed in 

the current study. 

The antioxidant capacity of leaves from H. odoratissimum cultivated via hydroponics was 

significantly higher (p < 0.05; ABTS) than plants grown in the field. Although the higher 

antioxidant activities were produced by hydroponic plants than aquaponic plants, the 

differences were not significant. Flavonols are important antioxidants in reducing oxidative 

damage and have potent radical scavenging abilities (Hossain et al., 2006; Makris et al., 2008; 

Martínez-Lüscher et al., 2019). Many studies on Helichrysum species have reported the 

association between flavonol and antioxidant activities (Lourens et al., 2008). The relationship 

between flavonol and antioxidant activities is well known; for example, Braglia et al. 2021 

reported that both total phenolic content (7.25 versus 6.11 mg GAEq g−1 DW) and antioxidant 

capacity (28.04 versus 20.33 mol AAEq g−1 DW) were significantly higher (p < 0.001) in 

aquaponic basil compared to organic soil-grown crops. On the antifungal activity, the MIC 

findings of this research demonstrated that aquaponic plants had significantly higher inhibition 

of F. oxysporum growth after 18 h of incubation. The reason for the higher antifungal activity 

in aquaponic plants’ extracts is unclear, given the lower polyphenol and flavonol contents 

obtained in this study. However, it is worth noting that higher concentrations of volatile 
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compounds, such as alpha-curcumene and alpha- terpineol, with proven antifungal activity, 

occurred in the aquaponics plants. Additionally, these findings corroborate those from a 

comprehensive study of tea leaves that evaluated the link between tissue nutrient contents 

and secondary metabolite contents and concluded that increases in N, P, or K beyond a target 

value resulted in decreases in secondary metabolite concentrations (Sun et al., 2019). 

 

3.5  Conclusions 
 

The key findings of this study reveal that H. odoratissimum plants cultivated via aquaponics 

exhibited the best antifungal activity, while hydroponically cultivated plants yielded the highest 

total flavonol content and antioxidant activities of the plant extracts. The results also showed 

that the tissue nutrient contents varied with cultivation method. Lastly, based on the chemicals 

identified from GC–MS analysis, aquaponic, hydroponic, and field plants yielded the same 

number of compounds. Based on these findings, aquaponics and hydroponics are viable 

alternative methods for cultivating medicinal plants. Future studies should include the 

economic viability of cultivating medicinal plants using these two methods. 
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Abstract 

 

Current reliance on wild harvesting of medicinal plants and intensive agriculture systems, 

which rely heavily on fertilizer and pesticide inputs, are unsustainable. Hence, three cultivation 

techniques, aquaponic, hydroponic, and field-harvested plants, were evaluated for crop yields, 

secondary metabolite contents and antifungal activities. The results showed that there was no 

significant difference between aquaponics and hydroponics treatments on crop yields (plant 

height, fresh and dry weight). Interestingly, there were significant differences (DF = 2; χ2 = 

19.76; p = 0.00) in total polyphenol contents between the three cultivation techniques; 

however, the field-collected plants yielded higher polyphenol contents (452.10 ± 53.37 mg 

GAE/g) than hydroponics (433.49 ± 11.95 mg GAE/g) followed by aquaponics (136.46 ± 42.09 
mg GAE/g). The flavonol contents differed significantly between the three cultivation 

techniques (DF = 2; χ2 = 6.31; p = 0.03), with higher flavonol contents in the field-collected 

plants (250.62 ± 58.12 mg QE/g), followed by hydroponics (164.05 ± 14.89 mg QE/g) and 

aquaponics (71.60 ± 14.45 mg QE/g). The volatile chemical contents did not differ significantly 

according to the gas chromatography-mass spectrometry (GC-MS) analysis (DF = 2; χ2 = 3.53; 

p = 0.17; p > 0.05) among the three treatments. However, plants grown in aquaponics had a 

higher number of compounds (104) than those grown in hydroponics (102) or field plants (101). 

The antifungal bioassay showed that the ethanol extracts of H. cymosum harvested from the 

mailto:nchuf@cput.ac.za
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field also had a higher fungistatic activity against F. oxysporum. The highest antioxidant 

capacity was obtained in plants cultivated in hydroponics followed by field-collected plants 

although there was no statistical difference among the treatments. The results of the present 

study suggest that commercial cultivation of H. cymosum using hydroponic and aquaponic 

systems may be feasible.  

Key words: Helichrysum cymosum, Asteraceae, secondary metabolites, aquaponics, semi 

hydroponics. 

4.1  Introduction 
 

A growing number of citizens in developing countries including South Africa rely on medicinal 

plants for treating many diseases (Taylor et al., 2001). Many wild medicinal plants are under 

severe pressure due to over-harvesting and habitat degradation. The risks of extinction of 

many species are at an all-time high, warranting urgent interventions to achieve sustainable 

utilization of medicinal plant resources (Chen et al., 2016).   Soilless cultivation is an innovative 

approach, which could limit the exploitation of some endangered medicinal plants from the 

wild. Numerous opportunities exist for the commercialization of medicinal plants in aquaponic 

and hydroponic systems (Nchu et al., 2018). As a production method that combines 

hydroponics and aquaculture, aquaponics is one of the most resource-effective plant 

cultivation methods (Stadler et al., 2015). Hydroponics is increasingly used to substitute typical 

agricultural soil cultivation (Pardossi et al., 2005). In hydroponics, plants are grown in a pure 

nutrient solution or substrate culture. Both aquaponics and hydroponics provide opportunities 

to manipulate nutrient availability, crop yield and quality.  

Previous research studies have shown that cultivating medicinal plants under controlled 

conditions in aeroponic or hydroponic systems improve quality, bioactivity, and biomass output 

on a commercial scale (Polycarpou et al., 2005; Jousse et al., 2010). These approaches are 

particularly useful in areas where environmental stresses (cold, heat, desert) are significant 

(Polycarpou et al., 2005). They are also compatible with a variety of medicinal plant species 

and the viability, and advantages of these cultivation systems for the synthesis of secondary 

metabolites have been proven (Léonhart et al., 2000; Papadopoulos et al., 2001; Hyden, 2006; 

Maggini et al., 2014). However, few studies have compared the cultivation of indigenous 

medicinal plants in aquaponic, hydroponic and field systems.  

The genus Helichrysum Mill. belongs to the Asteraceae family, which consists of roughly 600 

different species, of which 250 are found in South Africa (Lourens et al., 2008). Helichrysum 

cymosym (L) D. Don is native to South Africa and is a member of the Asteraceae family. It is 

among the country's most sought-after medicinal species. The leaves are small, elliptic-oblong 

or linear-oblong in shape, with an acute, sometimes acuminate, apex, mucronate, somewhat 
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constricted, and clasping base (Heyman, 2013). H. cymosum is used to treat pain, coughs, 

colds, fever, headache, menstrual pains, wound dressing, and infection prevention (Hayman, 

2013; Maroyi, 2019). Other ethnomedicinal uses of H. cymosum include treatment of a blocked 

nose, cardiovascular problems, diarrhea, dizziness, eye problems, flatulence, kidney 

problems, menstrual pain, pertussis, pulmonary problems, skin infections, urinary problems, 

varicose veins, vomiting, and weak bones, and boosting immune system (Hayman, 2013). The 

leaves, stems, and twigs of H. cymosum are sold as herbal medicines in the informal herbal 

medicine markets in the Gauteng and the Western Cape provinces in South Africa (Maroyi, 

2019). The fragrance of the plant has long been used to treat respiratory and wound infections 

(Kutluk et al., 2018). 

Essential oils from H. cymosum have antibacterial characteristics and could be used to treat 

tropical diseases such as malaria (Van Vuuren, 2006). Crude extracts of H. cymosum and 

compounds isolated from the species have been found to have antibacterial (Sindambiwe et 

al., 1999; Stafford and Van Staden, 2005;  Maroyi, 2019; Van Vuuren et al., 2006; Van Vuuren, 

2007), antioxidant (Tchoumbougnang, 2010), antifungal (Vuuren et al.,2006; Van Vuuren, 

2007; Tchoumbougnang, 2010; Runyoro et al., 2010); antiviral (Sindambiwe et al., 1999), anti-

HIV and cytotoxic (Heyman, 2009, Heyman et al., 2015), anti-inflammatory (Stafford and Van 

Staden,  2005), and antimalarial (Vuuren et al., 2006) effects.  The antimicrobial properties of 

H. cymosum have made the plant to be one of South Africa's most sought-after medicinal plant 

species. Numerous compounds have been isolated from the alcoholic extract of the leaves 

and roots of H. cymosum including sesquiterpenes and chalcones (Jakupovic et al., 1989; Van 

Vuuren et al., 2006; Popoola et al., 2015).   Several other classes of compounds have been 

discovered in Helichrysum species, including phenolics such as flavonoids, phthalides, -pyron 

derivatives, terpenoids, and fatty acids (Czinner et al., 2001).  

This is the first study to compare the effects of cultivation methods, aquaponics, hydroponics 

and field methods on the growth, secondary metabolite contents and antifungal activity of H. 

cymosum. 

 

4.2  Materials and methods 
 

4.2.1 Research design 
 

Four-week-old, rooted cuttings of H. cymosum were grown using two cultivation systems 

(hydroponic and aquaponic), demonstrating two treatments. The data on plant growth, 

secondary metabolite contents, and antifungal activities were obtained at the end of the 

experiment. The secondary metabolite contents and antifungal activities of plants obtained 
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from aquaponic, and hydroponic systems were compared with field-cultivated plants. 

Helichrysum seedlings were acquired from Shadowlands Wholesale Nursery Pty. Ltd. in 

Zevenwacht Link Road, Kuilsriver 7580, Western Cape. The plant specimens were mounted 

and placed in the Herbarium of the Department of Horticultural Sciences, Cape Peninsula 

University of Technology (CPUT), Bellville campus, Cape Town, South Africa. The roots were 

carefully cleaned and separated to eliminate potting soil debris. The plants were laid out on a 

cement floor and arranged in a completely randomized design inside the research greenhouse, 

where they were exposed to natural sunlight entering through the polycarbonate ceiling of the 

greenhouse.  

4.2.2  Greenhouse experiment 
 

The experiment was carried out in a greenhouse on the Bellville campus of the Cape Peninsula 

University of Technology (CPUT). Plants were cultivated using aquaponic as presented in 

Figure (4.1) and hydroponic techniques (Figure 4.2). For the hydroponic system, 4-week-old 

rooted seedlings of H. cymosum were transplanted into 23 cm diameter pots containing a 

substrate mix of two parts pine bark, one part perlite, and one part vermiculite. Fifteen 

replicates of H. cymosum seedlings were used. The plants were watered daily using 400 mL 

of deionized water and supplied with Nutrifeed fertilizer (Starke Ayres Pty. Ltd., Cape Town, 

South Africa), consisting of the following ingredients: Nitrogen (65 mg kg−1), phosphorus (27 

mg kg−1 ), potassium (130 mg kg−1), calcium (70 mg kg−1), copper (20 mg kg−1), sulfur (75 mg 

kg −1), boron (240 mg kg−1), magnesium (240 mg kg−1), and zinc (240 mg kg−1). The fertilizer 

was mixed with deionized water at a dosage of 10 g/5 L. Each plant received a volume of 100 

mL of the nutritional solution fortnightly, with a pH of 6.5 and an EC value of 2 mS cm−1, using 

Milwaukee EC 50 and pH 55 kits supplied by Spraytech Pty. Ltd., Cape Town, South Africa). 

A recirculating aquaponic system was used in the aquaponic system. The system consisted of 

a fish tank containing a pump and plant grow beds (four black 50 L plastic containers with 

perforated lids to fit the net pots). The aquaponic system had four fish tanks containing 400 L 

of water each and a submersible pump that pumped the wastewater (nutrient-rich water) from 

the tank to a grow bed through a PVC pipe. The grow bed had a deep culture design, which 

consisted of two black 50 L plastic containers with a perforated lid to fit the net pots. Fifteen 

Helichrysum seedlings were transplanted into net pots containing a mixture of perlite and coco 

coir (50:50 ratio) as substrate. The plants were watered from the bottom through the drain 

holes in the net pots immersed in the nutrient-rich water pumped from the fish tank. Recycled 

water from the grow bed returned to the fish tank. Thus, recycling of the nutrient water was 

continuous. An air pump (Regent 7500) connected to an air stone using tubing was used to 

improve dissolved oxygen at 150 L/H in the fish tank. Each grow bed had 15 seedlings fed 

from the same fish tank. Ten-to-fifteen-centimeter Goldfish fingerlings (Carassius auratus) and 

fish food (Koi and Goldfish powder, small pellets) supplied by Stodels Nursery Pty. Ltd., 
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Doncaster Road, Kenilworth 7708, Western Cape, South Africa, were used in this study. 

Twenty Goldfish (Carassius auratus) were placed in each tank (1000 L capacity). The 

components of the fish meal were maize, rice, wheat, wheat germ, dehulled soybean meal, 

lysine, methionine, lime, dicalcium phosphate, vitamins (A, D, E, K, BI, B2, B6, B12), biotin, 

folic acid, inositol, minerals, colorants, spirulina, immune stimulants, vegetable fats, natural 

antioxidants, and betaine. The fish were fed twice daily at 08:30 am and 4:00 pm. The 

aquaponic setup was replicated four times. The experiment lasted for 6 weeks and at the end 

of the experiment, plant height (cm) and fresh and dry weights (g) of aquaponically and 

hydroponically produced plants were recorded and compared. However, the growth 

parameters of field plants were not assessed because the plants were already cultivated and 

established on the premises of the Bellville campus of CPUT before the commencement of the 

study. The harvested plant materials were used for tissue nutrient and secondary metabolite 

content analysis and were screened for antifungal activities. The leaves of randomly selected 

field H. cymosum plants were harvested, secondary metabolites were characterized, and 

antifungal activity was assayed. The greenhouse conditions were 15–26 °C and 74% RH. The 

EC level of the nutrient solution in the fish tank was 0.8 mS cm−1 and the pH was 6.3. The 

secondary metabolite contents and antifungal activity of plants obtained from the aquaponic, 

and hydroponic systems were compared with the field-cultivated plants. 

 

 

Figure 4.1: Experimental setup of aquaponic system with two 400L of fish tanks 
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Figure 4.2:  Hydroponics set-up with H.cymosum plants 

 

4.2.3 Plant tissue analysis 
 

Fresh aerial plant materials (leaves) obtained from the aquaponic, and hydroponic systems 

were sent to a certified commercial laboratory (Bemlab [Pty] Ltd in Somerset West, South 

Africa) for the analysis of macroand micro-elements. The aerial parts (leaves) of H. cymocum 

were washed with Teepol solution, rinsed with de-ionized water, and dried in an oven at 70 ℃ 

overnight. The dried leaves were then powdered and ashed at 480 ℃ for extraction using filter 

paper in a 50:50 HCl solution (Campbell and Plank, 1998). The concentrations of potassium 

(K), phosphorus (P), calcium (Ca), magnesium (Mg), Sodium (Na), manganese (Mn), iron (Fe), 

copper (Cu), zinc (Z), and boron (B) were measured in the extracts (Campbell and Plank, 1998 

and Miller, 1998. Total combustion in a Leco N analyzer was used to determine the total 

nitrogen contents of the leaves. A conversion factor of 10000 was used to convert the amounts 

of N, P, K, Ca, and Mg from percentages to mg/kg (Xego et al.,2017). Three replicates from 

each treatment were analysed. 

  

4.2.4 In vitro fungal screening using micro-dilution method 
 

The microdilution method was used to assess the extracts' minimum inhibitory concentration 

(MIC) as described by Eloff (1998) and Nchu et al. (2010). Five grams of milled H. cymosum 

leaf materials from three replicates were extracted with 25 mL ethanol (analytical grade 99%) 

overnight, then filtered and evaporated and reformulated to produce a starting concentration 
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of 6 mg/mL. The extracts were diluted in ethanol and transferred to the first row of a 96-well 

microplate with wells containing 100 µL of sterile distilled water. Thereafter, the extracts were 

serially diluted twofold. A Fusarium oxysporum      strain (UPFC no. 21) maintained at CPUT's 

Department of Horticultural Sciences was used in the microdilution assay. Fungal conidia 

obtained from stock agar plates were transferred to Nutrient Broth (Merck Pty. Ltd, Cape Town, 

South Africa) and incubated at 25 ℃ for four hours. One hundred microliters (100 µL) of conidial 

suspension (105 conidia/mL) were added to each of the 96 wells of the microplates containing 

the plant extract. Dithane (Stodels Nursery Pty. Ltd, Garden Centre, South Africa) (200 

mg/25mL) was used as a positive control and the solvent (ethanol) as a negative control. Each 

microplate well was filled with 40 microliters (40 µL) of 0.2 mg/mL p-iodonitrotetrazolium 

chloride (INT) (Sigma Aldrich SA Pty. Ltd., Kempton Park, South Africa) diluted in sterile 

distilled water, sealed in a plastic bag, and incubated at 37 ℃ and 100% RH. In the presence 

of fungus development, the colorless tetrazolium salt was reduced to a red-     colored formazan 

product.  

At 18 hours of incubation of the microtiter plates, the MIC values were recorded by visually 

comparing the pink colour of the wells. Three replicates of each treatment were used in the 

antifungal bioassay (MIC). 

 

4.2.5 Determination of antioxidant activities (FRAP, ABTS and DPPH) 
 

4.2.5.1 Ferric Reducing Antioxidant Powder (FRAP) 
 

The FRAP assay was carried out according to Benzie and Strain's procedure (1996). In a 96-

well microplate, 10 µL of the crude extract was combined with 300 µL FRAP reagent [0.3 µM 

acetate buffer, pH 3.6] (Saarchem, South Africa), 10 mM 2,4,6-tripyridyl-s-triazine (TPTZ) in 

0.1 µM HCl (Sigma Aldrich SA Pty. Ltd., Kempton Park, South Africa ), 20 mM Iron (III) chloride 

hexahydrate (FeCl At 593 nm. As a standard, L-ascorbic acid (Sigma Aldrich SA Pty. Ltd., 

Kempton Park, South Africa) was employed at concentrations ranging from 0 to 1000 µM. The 

absorbance was determined. The results were represented in milligrams of ascorbic acid 

equivalent per gram of dry weight (milligrams of AAE/g DW). Three replicates from each 

treatment were analysed. 

 

4.2.5.2 2,2'-diphenylpicrylhydrazyl (DPPH) assay 
 

The DPPH free radical scavenging activity of the tested samples was determined according to 

Katalinić et al (2004). A solution of 0.135 mM DPPH produced in a dark container was used to 
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create the DPPH radical (Olatunji and Afolayan, 2019). About 300 µL of DPPH solution were 

combined with 25 µL of the crude extract and graded concentrations (0 and 500 µM) of Trolox 

standard (6-Hydrox-2,5,7,8- tetramethylchroman-2- 20 carboxylic acid). After a 30-minutes of 

the incubation period, the absorbance at 517 nM was determined as µM/Trolox equivalent per 

gram dry weight (µM TE/g DW) to express the results. 

 

4.2.5.3  2,2'-azino-bis (3-ethylbenzothiazoline-6-sulfonic acid) ABTS Antioxidant 
capacity 

 

The ABTS assay was carried out using the method described by Re et al. (1999). The solutions 

of 7 mM ABTS and 140 mM potassium–peroxodisulphate (K2S2O8) (Merck, South Africa) were 

used as stock solutions. The working solution was then made by mixing 88 µL of K2S2O8 with 

5 µL of ABTS solution. The two solutions were thoroughly mixed and left to react at room 

temperature in the dark for 24 hours. The standard was Trolox (6-Hydrox-2,5,7,8-

tetramethylchroman-2-20 carboxylic acid) at concentrations ranging from 0 to 500 µM. The 

crude extracts (25 µL) were allowed to react with 300 L of ABTS at room temperature for 30 

minutes before being read in a plate reader at 734 nm at 25 ℃. The results were represented 

as µM/Trolox equivalent per gram dry weight (µM TE/g DW). 

 

4.2.6 Secondary metabolite contents 
 

4.2.6.1 Determination of total polyphenol and flavonol contents 
 

The total polyphenol contents of dried H. cymosum samples (leaves) was determined using 

the Folin-Ciocalteu procedure (Singleton et al., 1999). Twenty-five microliters of aqueous 

extracts were mixed with 125 µL of Folin-Ciocalteu reagent (Merck Pty. Ltd., Cape Town, South 

Africa) in a 96-well microplate and diluted 1:10 with distilled water in a 96-well microplate. The 

well was filled with 100 µL of aqueous Na2CO3 (7.5%) after 5 min (Sigma Aldrich SA Pty. Ltd., 

Kempton Park, South Africa). The plates were incubated for 2 hrs. at room temperature before 

being examined at 765 nm with a Multiskan plate reader (Thermo Electron Corporation, 

Waltham, Massachusetts, USA). The results were represented as mg gallic acid equivalents 

per gram dry weight (mg GAE/g DW) using 0, 20, 50, 100, 250, and 500 mg/L gallic acid in 

10% ethanol (Singleton et al., 1999; Espinoza et al., 2019). 

The total flavonol contents of dried leaves of H. cymosum plants was evaluated using a 

standard of quercetin 0, 5, 10, 20, 40, and 80 mg/L in 95% ethanol (Sigma Aldrich SA Pty. Ltd., 

Kempton Park, South Africa). A volume of 12.5 µL of crude aqueous extracts were combined 
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with 12.5 µL of 0.1 %HCl (Merck Pty. Ltd., Cape Town, South Africa) in 95% ethanol and 225 

µL of 2% HCl in the sample wells, which were incubated at room temperature for 30 min. At a 

temperature of 25 ℃, the absorbance was measured at 360 nm. The results were represented 

in milligrams of quercetin equivalent per gram of dry weight (mg QE/g DW) (Espinoza et al., 

2019). Three replicates from each treatment were analysed. 

 

4.2.7 GC/MS analysis (Headspace) and secondary metabolite analysis 
 

4.2.7.1 Sample preparation (Headspace of the extract) 
 

Fresh plant materials (leaves) were taken off from both species and freeze-dried overnight at 

an -80 ℃ temperature. After that, 1 g was weighed into a solid phase micro-extraction (SPME) 

vial, along with 2 mL of 12% ethanol solution at pH 3.5 and 3 mL of 20 % NaCl solution. A 

Divinylbenzene/Carboxen/Polydimethylsiloxane (DVB/CAR/PDMS) SPME fibre was used to 

analyse the headspace of all the samples (grey). Leaf samples from three plants from each 

treatment were analysed. 

 

4.2.7.2  Chromatographic separation 
 

To determine the relative abundance of secondary metabolites, a method reported by Matrose 

et al. (2021) was used in the separation of volatile compounds using a gas chromatography 

(6890N, Agilent Technologies Network) coupled to an Agilent Technologies Inert XL/CI Mass 

Selective Detector Analytics PAL autosampler, and the separation of volatiles present in the 

samples was achieved using a polar ZB-WAX (30 m, 0.25 mm ID, at a flow rate of 1mL/min, 

helium was used as the carrier gas. With a 5:1 ratio, the injector temperature was kept at 250 

℃. The temperature of the oven was programmed as follows: 35 ℃ for 6 min, then 3 ℃/min to 

70 ℃ for 5 min, then 4 ℃/min to 120 ℃ for 1 min, and lastly 20 ℃/min to 240 ℃ and maintained 

for 2.89 min. The Mass Selective Detector (MSD) was in full scan mode when the incident 

occurred. 

 

4.2.8 Statistical analysis 
 

The experimental data for the plant growth parameters (plant height, fresh and dry weight) 

tissue nutrient contents and secondary metabolite contents were analysed using the Kruskal 

Wallis test, at a significance level of p < 0.05. Furthermore, multiple comparisons of the means 

were carried out using the Mann-Whitney test. PAST was used to carry out these computations 
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(Hammer et al., 2001), and the number of volatiles in the aquaponics, hydroponics, and field 

plants were compared using the Pearson's Chi-Square test.  
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4.3  Results 
 

4.3.1 Plant height 
 

Aquaponics and hydroponics had no significant effect on the vegetative growth of H. cymosum 

plants (DF = 1; χ2 = 1.63; p = 0.21) (Table 4.1). The results showed that the heights of plants 

grown in aquaponics and hydroponics did not differ substantially (DF = 1; 2 = 1.128; p > 0.05) 

(Table 4.1). However, the mean shoot lengths of hydroponic plants (26.46 cm) were higher 

than those of aquaponic plants (22.83 cm). 

  

4.3.2 Fresh and dry weight 
 

Plant height did not vary significantly between hydroponic and aquaponic plants (p > 0.05) 

(Table 4.1). There was a significant difference between the H. cymosum plants grown in 

aquaponics and hydroponics treatments, six weeks after treatment, when the fresh weights of 

the plants were compared (DF = 1; χ2 = 3.85; p = 0.05). Hydroponics plants had significantly 

higher fresh weight (13.82 ± 0.7 g) than aquaponic plants (11.60 ± 0.80 g) (Table 4.1). 

There were no significant differences (DF = 1; χ2 = 3.75; p > 0.05) in dry weights between 

aquaponics and hydroponics grown H. cymosum plants, but the highest mean values were 

observed in hydroponics grown plants (7.23 ± 0.39g) (Table 4.1). 

 

Table 4.1: Growth parameters of H. cymosum grown in aquaponics and hydroponics for six-weeks 
under greenhouse condition 

Treatments Plant height (cm) Fresh weight (g) Dry weight (g) 

T1  22.83 ± 1.59a 

 

11.60 ± 0.80a 6.04 ± 0.47a 

T2  26.46 ± 0.94a 13.82 ± 0.71b 7.23 ± 0.39a 

 

Values shown are mean ± S.E. 

Means followed by the same lowercase letters in the same column are not significantly different (p > 

0.05) following comparison using the Man Whitney test, T1, aquaponic; T2, hydroponic 
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4.3.3 Tissue analysis 
 

4.3.3.1  Macronutrients 
 

The plants cultivated in hydroponics had significantly higher macronutrient contents (P, K, and 

Mg) in the hydroponic plants than the aquaponic plants; P (DF = 1; χ2 = 14.29; p = 0.01), K (DF 

= 1; χ2 = 34.34; p < 0.05), and   Mg (DF = 1; χ2 = 34.68; p < 0.05) (Table 4.2). However, there 

were no significant differences in C, N, and Ca contents between aquaponics and semi-

hydroponics plants (DF = 1; p > 0.05). In general, macronutrient intake was found to be higher 

in hydroponic (T2) plants (Table 4.2). 
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 Table 4.2: Tissue nutrient contents of leaves of H. cymosum grown in aquaponics and hydroponics for six-weeks under greenhouse condition 

Treatments   Mean nutrient 
quantity ± SE 
(mg/kg) 

   

 C N P K Ca Mg 

T1  445200 ± 13452.26a    

 

14900 ± 1385.64a 2200 ± 230.94a 13150 ± 1991.86a 9800 ± 750.56a 1300 ± 115.47a 

T2  447400 ± 3002.22a 14950 ± 259.80a 3100 ± 57.73b 24900 ± 230.94b 8950 ± 548.48a 2150 ± 86.60b 

Values shown are mean ± S.E. 
Means followed by the same lowercase letters in the same column are not significantly different (p > 0.05) following comparison using the Mann-Whitney test, 
T1, aquaponic; T2, hydroponic 
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4.3.3.2  Micronutrients  
 

Tissue nutrient concentrations of Na (DF = 1; χ2 = 21.65; p = 0.01), Cu: (DF = 1; χ2 = 12.52; p = 

0.02), Zn (DF = 1; χ2 = 15.50; p= 0.01) varied significantly (Table 4.3), with higher levels occurring in 

aquaponic plants. In contrast, B was significantly lower (20.37 ± 2.51 mg/kg) in aquaponic grown 

plants. There was no significant difference in Mn and Fe uptake between aquaponics and 

hydroponics produced plants (p>0.05).   
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Table 4.3: Tissue nutrient contents of leaves of H. cymosum grown in aquaponics and hydroponics for six-weeks under greenhouse condition 

Treatments   Mean nutrient 
quantity ± SE 
(mg/kg) 

   

 Na Mn Fe Cu Zn B 

T1 7425 ± 1082.53a 

 

58.23 ± 4.19a 214 ± 30.02a 7.07 ± 0.66a 60.8 ± 1.27a 20.37 ± 2.51a 

T2 2375 ± 77.94b 45.75 ± 3.20a 251.5 ± 23.96a 4.37 ± 0.38b 46.17 ± 3.49b 36.5 ± 2.60b 

 

Values shown are mean ± S.E. 

Means followed by the same lowercase letters in the same column are not significantly different (p > 0.05) following comparison using the Mann-Whitney test, 

T1, aquaponic; T2, hydroponic  
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4.3.4 Secondary metabolites (polyphenols and flavonols) 
 

Plants harvested from the field and hydroponics had considerably higher total polyphenol 

contents in aerial part (leaves) of H. cymosum (DF = 2; χ2 = 19.76; p = 0.00) (Table 4.4). Total 

flavonol contents varied significantly (DF = 2; χ2 = 6.31; p = 0.03) between aquaponic and 

hydroponic treatments with higher contents occurring in field plants. 

  

Table 4.4: Mean total polyphenol ± SE (mg GAE/g) and flavonol ± SE (mg GAE/g) contents of H. 
cymosum leaves cultivated in aquaponics, hydroponics and in the field at six weeks post-treatment  

Treatments Polyphenols  

(mg GAE/g) 

 

Flavonols 

 (mg QE/g) 

 

T1  

 

136.46 ± 42.     09a 

 

 

71.60 ± 14.     45a 

 

T2  

 

 

 

433.49 ± 11.95ab 

 

 

164.05 ± 14.89ab 

T3  452.10 ± 53.     37b 250.62 ± 58.     12b 

Values shown are mean ± S.E. 

Means followed by the same lowercase letters in the same column are not significantly different (p >      
0.05) following comparison using the Mann-Whitney test, T1, aquaponic; T2, hydroponic; and T3, field. 

       

4.3.5 Analysis of volatile compounds 
 

Extracts from H. cymosum shoots were analysed using gas chromatography-mass 

spectrometry. As shown in Table 4.5, compounds that matched the mass spectral library more 

than 90% were chosen, and a variety of volatile chemicals occurred in the species. Although 

more volatile chemicals (104) were found in aquaponics-grown plants than in field-grown (101) 

and hydroponics-grown (102) plants, the difference was not statistically significant using 

Pearson chi-square test (DF = 2; χ2 = 3.53; p = 0.17). The compounds detected included some 

compounds that are known for antifungal and antioxidant activities such as nonadecane,  1-

octen-3-ol, beta-fencyl acetate, benzaldehyde, alpha-humulene, linalyl propanoate, 

acoradiene, beta-himachalene, alpha-cedrene, alpha-ced 2,7-dimethyl-1,6-octadiene, trans- 
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(+)-carveol, (-)-phyllocladene, and cyclooctanone were abundant in aquaponic-produced 

plants when compared to hydroponic- and field-collected plants.  



99 
 

Table 4.5: Volatile compounds in H. cymosum plants grown under field, aquaponics and hydroponic.   

Compounds Aquaponics 

Mean peak area 
in the 
chromatogram ± 
SE  

 

hydroponics 

Mean peak area 
in the 
chromatogram ± 
SE 

 

Field plants 

Mean peak area 
in the 
chromatogram ± 
SE 

 

Retention times 

 

decane 

 

1.26 ± 0.025a 

 

 

0.83 ± 0.02b 

        

 

1.17± 0.05a 

    

 

5.48 

alpha-pinene 12.53 ± 2.18a 

 

24.33 ± 6.09a 

          

20.06 ± 0.78a 

         

5.79 

nonadecane 0.51± 0.01b 

 

0.19± 0.01a 

 

0.20 ± 0.03a 

         

6.68 

camphene 0.35 ± 0.04a 

 

0.11± 0.01b 

 

0.25 ± 0.00a 

         

7.01 

  

4-methyl-octane 4.34 ± 0.08b 

     

1.19 ± 0.43a 

 

1.64 ± 0.08a 

       

7.38 

beta-pinene 4.34 ± 0.08b 

     

 

1.22 ± 0.42a 

   

1.64 ± 0.08a 

   

8.13 

  

undecane 0.55 ± 0.02a 

    

 

0.57 ± 0.01a 

       

0.41 ± 0.00b 

       

8.34 

alpha-

phellandrene 

0.51 ± 0.03a 

    

     

0.36 ± 0.05a 

 

0.00 ± 0.00b 

      

8.47 

myrcene 0.90 ± 0.02c 

 

0.21± 0.05a 

          

0.50 ± 0.03b 

       

9.59 
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alpha-terpinene 0.77 ± 0.15a 

      

0.52 ± 0.05a 

      

0.41 ± 0.03a 

      

10.9 

limonene 2.77 ± 0.05a 

 

0.90 ± 0.16b 

 

2.49 ± 0.19a 

         

11.9 

beta-

phellandrene 

0.89 ± 0.03c 

  

0.51 ± 0.07b 

    

0.13 ± 0.00a 

 

12.28 

1,8-

cineole_(eucalypt

ol) 

57.177 ± 3.68b 

 

31.28 ± 8.85a 

      

31.28 ± 8.85ab 

       

12.9 

o-ethyltoluene 0.14 ± 0.01ab 

    

0.00 ± 0.00a 

     

0.24 ± 0.07b 

 

12.19 

cis-ocimene 

 

6.49 ± 1.07b 

    

2.01 ± 0.41a 

     

4.86 ± 0.20ab 

      

14.17 

gamma-terpinene 2.45 ± 1.22a 

 

0.02 ± 0.01a  

     

1.41 ± 0.05a 

   

11.87 

styrene 2.65 ± 0.04c 

    

0.89 ± 0.10a 

 

2.09 ± 0.06b 

 

14.72 

trans-beta-

ocimene 

2.70 ± 0.06c 

  

0.88 ± 0.10a 

     

2.22 ± 0.12b 

    

14.72 

para-cymene 3.32 ± 0.16a 

  

14.76 ± 4.69a 

     

    

9.16 ± 0.87a 

     

15.24 

1,2,3-

trimethylbenzene 

             –           – 0.62 ± 0.06b 

        

9.13 

alpha-fenchene 0.20 ± 0.05a 

    

0.11 ± 0.01a 

 

0.52 ± 0.06b 

    

15.66 

alpha-terpinolene 0.23 ± 0.12a 

      

0.10 ± 0.03a 

 

0.40 ± 0.02a  

 

15.76 

cyclohexanone 0.82 ± 0.02b 0.35 ± 0.03a 3.89 ± 0.12c 15.76 
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2,6,6-

trimethylcyclohex

anone 

0.17± 0.09a  

   

           – 0.01± 0.00a 

    

15.99 

cis-3-

hexenyl_acetate 

0.44 ± 0.02b 

 

           –          –  

trans-2-heptenal 0.43 ± 0.01c 

      

0.16 ± 0.01b 

 

0.01 ± 0.01a 

     

11.6 

6-methyl-5-

hepten-2-one 

1.02 ± 0.01a 

     

0.88 ± 0.15a 

      

0.69 ± 0.02a 

     

17.41 

allo-ocimene 0.94 ± 0.08a 

    

2.71 ± 0.15b 

    

0.55 ± 0.06a 

    

19.19 

octenyl_acetate           –          –          –    – 

cis-3-hexenol 0.16 ± 0.00c 

    

0.08 ± 0.00b 

      

0.04 ± 0.00a 

     

19.74 

4-methyl-1,5-

heptadiene 

2.09 ± 0.00c 

     

0.83 ± 0.08b 

      

0.19 ± 0.07a 

      

20 

3-octanol_Istd          – 

     (20.19) 

        – 

    (20.19) 

         – 

    (20.19) 

 

3-ethyl-o-xylene 0.26 ± 0.03b 

     

0.11 ± 0.00a 

 

0.08 ± 0.01a 

     

20.83 

para-cymenyl 0.40 ± 0.08b 

     

1.85 ± 0.17a 

     

2.02 ± 0.23a 

     

20.96 

tetradecane 2.48 ± 0.26a  

 

2.11 ± 0.22a 

     

2.34 ± 0.30a 

       

21.05 

1-octen-3-ol 4.07 ± 0.79b 

    

1.59 ± 0.16a 

    

1.12 ± 0.07a 

    

21.74 

beta-

fencyl_acetate 

3.79 ± 0.79b 

    

0.84 ± 0.44a 

     

0.03 ± 0.01a 

     

21.9 
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6-methyl-5-

hepten-2-ol 

0.30 ± 0.00a 

     

0.27 ± 0.08a 

     

0.31 ± 0.08a 

        

22.12 

2,5-dimethyl-p-

xylene 

0.51 ± 0.03a 

    

0.26 ± 0.01b 

    

0.41 ± 0.02a 

     

22.28 

alpha-ylangene 0.45 ± 0.03b 

     

0.09 ± 0.04a 

     

0.06 ± 0.00a  

      

22.63 

Italicene 0.01 ± 0.00b 

    

0.00 ± 0.00a 

      

0.00 ± 0.00a 

      

22.99 

benzaldehyde 1.19 ± 0.08b 

    

0.70 ± 0.07a 

      

0.48 ± 0.05a 

     

23.16 

allyl_isopentanoa

te 

0.16 ± 0.02a 

     

0.03 ± 0.01a 

     

0.16 ± 0.09a 

     

23.66 

gamma-

curcumene 

0.43 ± 0.10b 

     

        – 

    (20.05) 

0.22 ± 0.03ab 

    

20.05 

l-linalool 0.14 ± 0.01a 

    

0.05 ± 0.01b 

      

0.14 ± 0.01a 

     

24.32 

alpha-copaene 0.37 ± 0.01b  

     

0.07 ± 0.01a 

     

0.05 ± 0.01a 

   (24.37) 

24.37 

cis-

sabinene_hydrat

e 

0.28 ± 0.01c 

   

0.08 ± 0.02b 

     

0.00 ± 0.00a 

   

24.63 

e, e-alpha-

farnesene 

0.59 ± 0.17ab 

       

0.56 ± 0.05a 

       

1.13 ± 0.11b 

 

24.96 

fenchol 1.96 ± 0.04a 

    

1.65 ± 0.07a 

 

2.78 ± 0.30b 

    

25.13 

beta-

caryophyllene 

115.48 ± 24.27a 

         

76.78 ± 7.70a 

        

90.04 ± 13.21a 

        

25.71 

(+)-

aromadendrene 

1.49 ± 0.82a 

       

32.11 ± 18.52a 

          

0.23 ± 0.05a  

      

25.8 
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delta-elemene 0.51 ± 0.08ab 

     

0.78 ± 0.11b 

       

0.34 ± 0.01a 

     

25.84 

(-)-Isoledene 0.05 ± 0.03a 

 

0.05 ± 0.00a 

     

0.20 ± 0.00a 

    

26.59 

ethyl-caprate 2.31 ± 0.94a 

   

0.336 ± 0.07a 

 

0.01 ± 0.00a 

    

26.87 

pinocarveol 0.62 ± 0.12a 

   

0.36 ± 0.06a 

   

0.78 ± 0.14a 

    

27.04 

gamma-elemene 0.64 ± 0.02a 

    

0.22 ± 0.01a 

    

5.44 ± 0.51b 

      

27.11 

alpha-humulene 8.50 ± 1.21b 

   

2.44 ± 0.30a  

   

5.23 ± 0.42 ab 

   

27.74 

linalyl-propanoate 1.85 ± 0.15b 

      

0.75 ± 0.23a 

     

1.42 ± 0.13ab 

 

27.81 

Alpha-humulene 6.11 ± 3.05a 

    

0.23 ± 0.11a 

     

          – 

      

20.23 

acoradiene 0.32 ± 0.04b 

     

0.05 ± 0.02a 

     

0.03 ± 0.01a 

    

27.91 

1,8-menthadien-

4-ol 

   0.00 ± 0.01a  

        

      0.00 ± 0.00a 

            

    0.00 ± 0.00a 

         

28.09 

beta-

himachalene 

19.27 ± 2.15b 

        

10.87 ± 0.70a 

        

5.79 ± 1.18a 

 

28.14 

beta-

himachalene 

18.98 ± 2.06b 

       

10.59 ± 0.74a 

      

 

     

5.64 ± 1.27a  

 

23.75 

alpha-terpineol 18.98 ± 2.06b 

 

10.59 ± 0.74a 

      

16.19 ± 1.01ab 

       

19.05 
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ledene 8.45 ± 4.00ab 

      

0.20 ± 0.02a 

 

16.26 ± 1.18b 

 

28.65 

(+)-2-carene 0.37 ± 0.21a 

     

            – 

         

0.00 ± 0.00a 

     

28.73 

valencene 3.61 ± 1.11a 

    

1.09 ± 0.18a 

       

1.00 ± 0.01a 

     

24.09 

alpha-Gurjunene 3.57 ± 1.14a 

     

1.08 ± 0.18a 

    

0.93 ± 0.01a 

    

29.08 

eremophilene 3.57 ± 1.14a 

     

1.09 ± 0.19a 

    

0.98 ± 0.03a 

   

29.11 

beta-Selinene 3.28 ± 1.07a 

    

0.98 ± 0.15a  

     

1.27 ± 0.27a 

     

29.11 

Neryl-acetate 15.71 ± 6.02a 

      

4.56 ± 0.63a 

      

1.62 ± 0.08a 

     

29.93 

cis-

alphabisabonele 

14.56 ± 5.68a 

     

4.42 ± 0.58a 

 

1.47 ± 0.17a 

     

29.31 

beta-bisabonele 1.13 ± 0.01a 

    

0.36 ± 0.07b 

    

1.22 ± 0.05a 

     

29.37 

alpha-cedrene 0.53 ± 0.01c 

 

0.13 ± 0.02a 

  

0.31 ± 0.03b 

 

29.54 

7-epi-alpha-

selinene 

15.11 ± 5.98a  

     

4.69 ± 0.67a 

    

1.82 ± 0.12a 

   

29.93 

delta-cadinene 15.11 ± 5.98a 

      

4.68 ± 0.67a 

     

1.88 ± 0.14a 

    

30.24 

alpha-curcumene 9.86 ± 1.46a 

 

4.68 ± 0.42b 

 

14.04 ± 0.72a 

      

30.24 

ar-curcumene 9.71 ± 1.18b 

    

4.74 ± 0.37a 

 

14.01 ± 0.61c 

 

30.57 
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gamma-Selinene 10.01 ± 1.62a 

 

4.73 ± 0.38b 

 

14.43 ± 0.62a 

 

30.62 

alpha-cadinene 0.22 ± 0.08a 

    

0.04 ± 0.00a 

 

0.15 ± 0.06a 

    

30.95 

nerol 0.21 ± 0.09 

   

0.19 ± 0.02 

    

0.31 ± 0.02 

   

31.06 

2-phenylethyl-

acetate 

0.10 ± 0.05a 

    

0.10 ± 0.04a 

     

0.00 ± 0.00a 

    

31.18 

isogeraniol 0.11 ± 0.01b 

    

0.18 ± 0.00c 

    

0.03 ± 0.01a 

    

31.29 

trans-beta-

damascenone 

0.11 ± 0.00b 

     

0.20 ± 0.00c 

     

0.04 ± 0.00a 

    

31.29 

1s-(cis)-

calamenene 

0.39 ± 0.13a 

    

0.38 ± 0.01a 

    

1.17 ± 0.02b 

     

31.5 

trans- (+)-carveol 0.04 ± 0.01b 

 

0.00 ± 0.00a 

 

0.15 ± 0.01c 

     

31.61 

p-cymen-8-ol 0.48 ± 0.05a 

     

0.20 ± 0.00b 

     

0.55 ± 0.04a 

     

31.85 

4-phenyl-2-

btanone 

0.38 ± 0.00b 

     

0.19 ± 0.01a 

      

0.55 ± 0.02c 

     

31.87 

ethyl-laurate 3.700 ± 1.14b 

       

2.02 ± 0.18ab 

 

0.53 ± 0.03a 

     

31.98 

(e)-geranyl-

acetone 

4.92 ± 1.83b 

   

2.30 ± 0.28ab 

    

1.35 ± 1.35a 

    

32.02 

ascaridole 4.44 ± 1.57b  2.12 ± 0.24ab 

   

1.34 ± 0.03a 

 

32.02 

benzyl-alcohol 0.61 ± 0.07b 

    

0.38 ± 0.01a 

   

0.28 ± 0.00a 

   

32.24 
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4-ethyl-o-xylene 0.36 ± 0.06b 

     

0.14 ± 0.01a 

     

0.04 ± 0.01a 

    

32.24 

ethyl-3-

phenylpropionate 

0.38 ± 0.08b 

 

0.16 ± 0.02a 

 

0.02 ± 0.00a 

 

32.4 

phenylethyl-

alcohol 

0.55 ± 0.02b 

      

0.24 ± 0.01a 

      

0.26 ± 0.02a 

      

32.4 

alpha-calacorene 0.33 ± 0.04a 

 

0.13 ± 0.00b 

 

0.34 ± 0.03a 

 

32.8 

palustrol 0.11 ± 0.00a 

     

0.06 ± 0.00a 

    

0.27± 0.03a 

    

32.92 

alpha-cubene 0.16 ± 0.00a 

     

0.05 ± 0.00a 

     

0.31 ± 0.05b 

    

33.23 

caryophyllene-

oxide 

3.55 ± 0.18b 

    

1.29 ± 0.04a 

     

3.56 ± 0.20b 

    

33.91 

(+)-ledol 0.01 ± 0.00a 

    

0.01 ± 0.00a 

    

0.02 ± 0.00a 

      

34.53 

alpha-

caryophyllene-

alcohol 

0.78 ± 0.05a 

    

0.52 ± 0.02a 

 

1.37 ± 0.09b 

 

34.82 

fonenol 2.20 ± 0.85b 

   

0.65 ± 0.10a 

 

1.13 ± 0.09a 

    

34.83 

longifolenaldehyd

e 

0.04 ± 0.02a 

     

0.05 ± 0.01a 

 

1.15 ± 0.09b 

      

34.87 

n-

benzylidenecyclo

hexylamine 

0.02 ± 0.00a 

     

0.01 ± 0.00a 

    

0.16 ± 0.01b 

    

35.01 

cyclooctanone 0.43 ± 0.07b 

     

0.09 ± 0.01a 

 

0.07± 0.02a 

 

35.16 

caryophyll-5-en-

2-beta-ol 

0.44 ± 0.05a  0.32 ± 0.01a 0.77 ± 0.05b 35.78 
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t-cadinol 0.48 ± 0.03a 

     

0.32 ± 0.01a 

    

0.77 ± 0.05b 

    

35.78 

eugenol 0.06 ± 0.01a 

      

0.1 ± 0.03a 

    

0.44 ± 0.00b 

       

35.94 

(+)-calarene 10.97 ± 4.27a  

      

5.92 ± 0.56a 

    

1.13 ± 0.15a 

 

36.13 

eudesm-7(11)-

en-4-

ol_(juniper_camp

hor) 

10.97 ± 4.27a 

     

5.93 ± 0.56a 

    

1.13 ± 0.16a 

    

36.13 

beta-cadinene 10.99 ± 4.28c 

     

5.94 ± 0.56b 

     

0.71 ± 0.40a 

     

36.19 

epi-

bicyclosesquiphel

landrene 

0.43 ± 0.05ab 

 

0.22 ± 0.00a 

 

0.53 ± 0.07b 

 

36.3 

carvacrolok 0.16 ± 0.04a 

     

0.07 ± 0.01a 

     

0.11 ± 0.01a 

    

36.46 

alpha-eudesmol 0.42 ± 0.04a 

    

0.41 ± 0.05a 

     

2.23 ± 0.46b 

     

36.62 

beta-eudesmol 0.11 ± 0.05a 

    

0.00 ± 0.00a 

 

2.37 ± 0.47b 

    

36.73 

decanoic-acid 0.43 ± 0.23a 

   

0.03 ± 0.00a 

   

0.14 ± 0.06a 

 

37.08 

(-)-phyllocladene 0.05 ± 0.00b 

 

0.02 ± 0.01ab 

 

0.00 ± 0.00a 

 

38.44 

2,7-dimethyl-1,6-

octadiene 

0.01 ± 0.00a 

 

0.00 ± 0.00a 

 

0.01 ± 0.00a 

 

38.57 

xanthorrhizol 

 

0.03 ± 0.00a 

    

0.02 ± 0.00a 

     

0.01 ± 0.00a 

     

40.9 
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Total number of 

compounds 

   104      102      101 

Volatile compounds having a match quality of at least 90% with the mass spectral library were identified 

and reported. Means followed by the same lowercase letters in the same column are not significantly 

different (p > 0.05) following comparison using Pearson’s chi-square test.     
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4.3.6 Antioxidant capacity (FRAP, ABTS and DPPH) 
 

Plants that were collected from the field (T3) showed significantly higher antioxidant capacity, 

with a mean FRAP value of 2719.42 ± 278.72 umol AAE/g in H. cymosum plants (DF = 2; χ2 = 

F = 21.90; p < 0.05), than hydroponics and aquaponics cultivated plants (Table 4.6).  

For the DPPH capacity, the results indicated that hydroponics plant extracts yielded a 

significantly higher mean value (DF = 2; χ2 = 28.68; p < 0.05) compared with aquaponics and 

field collected plant extracts while aquaponics had the least DPPH capacity (Table 4.6).  

For the ABTS capacity (mol TE/g) results showed that field-collected and hydroponic plants 

produced significantly higher values compared with aquaponics and hydroponics plants (DF = 

2; χ2 = 16.25; p < 0.05). 

  

Table 4.6: Mean ± SE of FRAP (µmol AAE/g), ABTS (µmol TE/g) and DPPH (µmol TE/g) contents of 
H. cymosum leaves grown using different cultivation methods 

Treatments FRAP 

 (umol AAE/g) 

ABTS 

 (umol TE/g) 

DPPH  

(umol TE/g) 

 

T1  

 

1043.71± 189.81b 

 

1402.77± 244.92b 

 

539.13± 169.37b 

 

T2  

 

 

2657.30± 99.59a 3190.66± 41.80a 1764.97± 25.12a 

T3  2719.42± 278.72a 3446.77± 408.85a 1651.2± 136.65a 

 

Values shown are mean ± S.E. 

Means followed by the same lowercase letters in the same column are not significantly different (p > 

0.05) following comparison using the Man Whitney test, T1, aquaponic; T2, hydroponic; and T3, field  
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4.3.7 In vitro fungal activity using the micro-dilution assay 
 

         The minimum inhibitory concentration of H. cymosum 
 

There was a significant difference in the minimum inhibitory concentrations among the three 

cultivation methods when the ethanol extracts of H. cymosum plants were assessed against 

F. oxysporum (DF = 2.5; χ2 = 7.5; p = 0.03). Field plants (T3) were more bioactive at 18 h 

incubation period with a MIC value of 0.37 mg/mL, whereas aquaponics plants (T1) were least 

active with MIC value of 0.75 mg/mL, which was equivalent to the synthetic fungicide (Dithane) 

used as a positive control (Table 4.7). Generally, field-collected plants had the best fungistatic 

results. 

  

Table 4.7:  Anti- F. oxysporum activity (mean MIC ± SE) of ethanol extracts of H. cymosum plants that 
were cultivated under aquaponic, hydroponic and field systems 

Treatments MIC ± SE (mg/ml) 

18hours 

T1  0.75 ± 0b 

 

T2  0.56 ± 0.125ab 

 

T3  0.37 ± 0.00a 

 

Dithane (Positive control) 0.75 ± 0.00b 

Ethanol 0 

Values shown are mean ± S.E. 

Means followed by the same lowercase letters in the same column are not significantly different (p > 

0.05) following comparison using the Man Whitney test, T1, aquaponic; T2, hydroponic; and T3, field  
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4.4   Discussion 
 

In this study, various effects of aquaponics and hydroponics on growth metrics, including plant 

height, dry and fresh weights were reported. Plants cultivated in hydroponic systems yielded 

higher fresh and dry weights and mean heights than aquaponic plants. However, there was no 

statistical difference (p > 0.05) between these two cultivation methods except for the fresh 

weight which was significantly higher in hydroponics plants. Interestingly, despite higher levels 

of macronutrients such as N, P, and Mg occurring in the hydroponic plants, these did not 

translate to increased growth of plants. These elements influence plant growth and 

development (Uchida, 2000; Yousaf et al., 2021; Nget et al., 2022). Previous research has 

shown that the availability of nitrogen in aquaponics medium, light intensity, root zone 

temperature, air temperature, nutrient availability, growth stage, and growth pace are factors 

that affect how well plants absorb nutrients (Buzby and Lin, 2014). Although aquaponics 

outperformed hydroponics in terms of plant micronutrient uptake, previous research has 

demonstrated that plant species may behave differently in the system (Ibáñez Otazua et al., 

2022). Also, according to Delaide et al. (2016), adding mineral nutrients to an aquaponic 

solution to achieve the same nutrient concentrations as hydroponics can occasionally result in 

higher yields. The primary source of nitrogen (N) and phosphorus (P) in the system is fish feed. 

When the fish feed is introduced to the system, a sizable portion of it is consumed by the fish 

and either utilised for development and metabolism or eliminated as soluble and solid faeces. 

Higher secondary metabolite concentrations (total phenolic and flavonol contents) in field-

collected H. cymosum, obtained in this study, could, for example, be related to abiotic stresses 

such as exposure to drought and nutrient deficiency, insect and fungal exposure (Bennett and 

Wallsgrove, 1994; Akula and Ravishankar, 2011; Chalker-Scott and Fuchigami , 2018) The 

production of secondary metabolites is regarded to be a plant's mechanism for adjusting to 

unfavourable environmental changes (Edreva et al., 2008 ; Kosová, 2018). Through signalling 

mechanisms and pathways, this process involves the production of complex chemicals. 

Interestingly, higher production of bioactive secondary metabolites could translate to higher 

antifungal and antioxidant activities.  

In the current study, the antioxidant capacity of the tested samples showed a strong correlation 

with the polyphenol and flavonol contents. Interestingly, hydroponics and field-collected plants 

were not significantly different in antioxidant capacity; however, they performed better than 

aquaponic-cultivated plants. Previous studies have reported that the secondary metabolite 

components of Cantella asiatica such asanthocyanins, flavonoids, and phenolic substances, 

are thought to be responsible for its antioxidant action (Shin et al., 2021). Additionally, it is 

believed that phenolic compounds play a significant role in the sensory qualities and 

antioxidant activity of wines (Pandeya et al., 2018). Recently, Ibarra-Cantún et al. (2020) found 
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that apple bagasse's antioxidant activity increased progressively with levels of polyphenols, 

which is consistent with results obtained in this study. The FRAP and ABTS bioassays showed 

that plants harvested from the field had higher antioxidant capacity than plants generated in 

aquaponics and hydroponic systems. These results suggest that plant extracts of H. cymosum 

have quite high antioxidant activity and higher phenol and flavonoid contents is an important 

source of natural antioxidants, justifying their use in treatment of ailments associated with 

oxidative stresses and disorders (Kripasana and Xavier, 2020).  

The MIC findings of this research demonstrated that field-collected plants treatments had a 

higher significant effect on extracts of H. cymosum species tested, and these results correlated 

with the total polyphenol contents; It's worth noting that when plants are subjected to a variety 

of environmental situations, they acquire large amounts of bioactive compounds (Ncube et al., 

2011). Several studies have been done on the investigation of antifungal activities in 

Helichryum species including H. cymosum. In a study by Van Vuuren et al. (2006), H. cymosum 

was tested against eleven pathogens, with MIC values ranging from 0.156 to 0.313 mg/mL 

from field-collected plants. Notably, these outcomes reflect those from the current study's anti-

F. oxysporum bioassay, which revealed MIC ranges from 0.375 to 0.75 mg/mL. Matanzima, 

(2014) previously showed similar results with MIC values ranging from 0.078 to 03.31 mg/mL, 

but it's important to note that the plant materials used by Matanzima, (2014) were obtained 

from hydroponically grown plants, whereas the ones used in this study were obtained from 

plants grown in aquaponic, hydroponic, and field systems. This suggests that the variation in 

phytochemical profiles in extracts from plants in the different treatments might perhaps 

explains the differences in bioactivities. 

Based on the gas chromatography-mass spectrometry (GC-MS) analysis, H. cymosum plants 

is a rich source of volatile compounds; the plants obtained from the three cultivation methods 

(aquaponics, hydroponics, and field cultivated plants) contained up to 106 compounds with 

90% match with the mass spectra library. These compounds included nonadecane, 4-methyl-

octane, beta-pinene, cis-ocimene, 1-octen-3-ol, beta-fencyl acetate, benzaldehyde, alpha-

humulene, linalyl propanoate, acoradiene, beta-himachalene, alpha-cedrene, alpha-ced 2,7-

dimethyl-1,6-octadiene, trans- (+)-carveol, (-)-phyllocladene, and cyclooctanone were 

among the compounds that were dominating in aquaponics produced plants when compared 

to hydroponics and field collected plants. Alpha-humulene and beta-pinene have been reported 

as one of the compounds with potent antifungal properties (Zuzarte et al., 2021; Ruiz-Vásquez 

et al., 2022).  Aquaponic plants produced the highest number of volatile compounds (106). The 

three cultivation methods, however, did not differ statistically (p > 0.05). In general, plants taken 

from the field had the lowest overall number of volatiles (104). Trans-caryophyllene is a 

sesquiterpene found in the essential oils of many therapeutic plants of which sesquiterpene 

has been found as a class of major compounds in most members of the Helichrysum genus. 
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Many studies have documented its pharmacological effects, including its antibacterial (Moo et 

al., 2020), anti-helicobacter pylori (Woo et al., 2020), antioxidant and anti-inflammatory (Ames‐

Sibin et al., 2018), analgesic and anticancer potential, neuroprotective (Machado et al., 2018). 

Also, some of these chemicals, such as nanodecane, were previously found as aliphatic 

hydrocarbons in essential oil of Helichrysum plants by hydrodistillation (Radušienė, 2008). 

However, nanodecane, has also been discovered to be a plant secondary metabolite with 

antioxidant and antifungal properties in plants other than the Helichrysum genus (Ganesan 

and Raja, 2021). H. cymosum chemical constituents were previously determined using GC-

MS (Van Vuuren et al., 2006). Remarkably, alpha-humulene, trans- (+)-carveol, 1-octen-3-ol, 

and beta-pinene are among the compounds discovered, which match with some of the 

substances reported in this study. By comparing the percentages of the compounds and their 

retention indices, Bougatsos et al. (2004) identified 65 phytochemicals as essential oil 

components, some of which were also detected in this study: Beta-pinene, cis-ocimene, 1-

octen-3-ol, and trans- (+)-carveol. Also, although aquaponics had a higher quantity of volatile 

compounds than hydroponics and field collected plants, the chemical compositions of H. 

cymosum oils were very similar between the three growing systems. It is, however, worth-

noting that a few compounds occurred in aquaponics but not in hydroponics or field-collected 

plants, such as (+)-2-carene; 1,2,3-trimethylbenzene; 2,6,6-trimethylcyclohexanone; cis-3-

hexenyl-acetate; trans-2-heptenal; octenyl acetate cis-3-hexenol; 3-octanol-istd; gamma-

curcumene. 

4.5  Conclusion  
 

The findings of the current study are that as aquaponic-cultivated H. cymosum yielded extracts 

with significantly lower antioxidant capacity and polyphenol contents than hydroponics and 

field-cultivated plants. Furthermore, there were no significant differences between field and 

hydroponic systems in terms of antioxidant capacities and polyphenol contents.  The fungistatic 

activity of the ethanol extracts against F. oxysporum related to the cultivation of H. cymosum 

in aquaponics, hydroponics, and field-collected plants. Plant growth parameters did not 

significantly vary between aquaponics and hydroponics. It is advised that more of these trials 

including field trials for cultivating medicinal plants be carried out. The results of the present 

study suggest that commercial cultivation of H. cymosum using hydroponic and aquaponic 

systems may be feasible. 
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   Chapter 5 

General discussion, recommendation, and conclusion 
 

There has been a rise in medicinal plant research in recent years to better understand the 

mechanism plants produce, the various compounds that are used for the treatment of various 

illnesses in humans. This study demonstrated for the first time that it is feasible to cultivate 

medicinal plants, in particular Helichrysum species, in aquaponic and hydroponic systems and 

obtain high-quality medicinal extracts. This study opens new opportunities for commercial and 

precision cultivation of Helicrysum species in South Africa. Further, the study also 

demonstrated that species in the same genus respond differently to the aquaponic and 

hydropnic systems. For example, H. odoratissimum produced best antifungal activity in 

aquaponics, while H cymosum yielded higher antioxidant and antifungal in soil medium than 

in aquaponics. 

   

In the current study, a comparison of extracts of H. odoratissimum and H. cymosum grown in 

aquaponic and hydroponic systems was conducted in terms of crop yields, secondary 

metabolite contents, and antifungal activity. The current study, which focused on both 

Helichrysum species, showed that the cultivation strategies varied in crop yields, with 

aquaponics slightly outperforming hydroponics in terms of plant development (plant height, 

fresh weight, and dry weight in H.odoratissimum. For H. cymosum, however, the situation was 

the inverse, with hydroponic plants performing better than aquaponic ones. Although these 

findings are consistent with prior research, they were expected since various plants behave 

differently in these two systems, as was discussed in the preceding chapters of the current 

study. This study demonstrated that H. odoratissimum plants grown using aquaponics had the 

best antifungal activity, while plants grown using hydroponics had the highest levels of total 

flavonols and antioxidant activity in the plant extracts. Whereas H. cymosum yielded extracts 

with significantly lower antioxidant capacity and polyphenol contents than hydroponics and 

field-cultivated plants. The current study further demonstrated that the tissue nutrient contents 

varied with cultivation method in H. odoratissimum plants. 

   Recommendations 
 

The use of aquaponics and hydroponics to cultivate Helichrysum species have been 

demonstrated as potentially viable alternative methods for cultivating medicinal plants. 

Additionally, these two methods offer environmentally safe approach for meeting the growing 

demand for high quality and quantity of medicinal materials and food while using less 
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freshwater, managing waste more effectively, and recycling nutrients. The economic viability 

of growing medicinal plants using these two techniques must be taken into consideration to 

accomplish the sustainable usage of aquaponics and hydroponics in the future. It is also 

suggested that more of these studies, including outdoor cultivation trials for medicinal plants, 

be conducted. 

Because the plant species vary in bioactivities in aquaponics and hydroponics, more studies 

should be carried out for the different Helicrysum spp is recommended. 

Although there is limited information on medicinal plant cultivation in aquaponics and 

hydroponics, many studies have suggested that medicinal plants should be tested for longer 

periods of time in experimental and commercial systems to obtain sufficient data to ascertain 

determine the feasibility for large-scale medicinal plant cultivation. Finally, to optimize plant 

development, nutrient availability and uptake by plants in aquaponics need to be improved. 

Even though much research has been done in this area, more work is needed to completely 

appreciate nutrient cycling in aquaponics, as it has a significant impact on plant development.  
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