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Abstract 

Aquaponics is one of a sustainable and alternative food production sector that integrates 
aquaCUlture with hydroponics. It is an emerg.ing part of aquaculture that uses the natural 
interaction between bacteria, fish and plants to change waste into clean water. Compared to soil­
based agriculture and aquaculture production methods, aquaponics has many benefits including 
re-use of the wastewater from the growing fish, production of two commodities from a single 
system and expanded food production by urban residents. For the sustainability of aquaponics, 
the nutritional and sensory quality of the produces should be equivalent or better than the 
conventional produces. Thus, this study was aimed to compare the nutri tional quality and 
customer preference of lettuce (Lacnlca sativa L.) and kale (Brassica carinata) grown on 
aquaponic system with that of conventionally grown in soil-based system. Proximate 
composition of lettuce and kale was determined using standard methods of AOAC and mineral 
content was determined by Inductively Coupled Plasma Optical Emision Spectroscopy. Sensory 
test was also determined by using discriminatory, preference and rating acceptance test methods. 
Accordingly, the aquaponic lettuce from Shewa Robit site had a significant (p<O.05) higher 
amount of crude fiber, magnesium, potassiWll, iron; copper, and boron compared to soil-grown 
lettuce. Meanwhile the aquaponic lettuce from Addis Ababa University site had significantly 
higher amount of crude fat, crude ash, cmde fiber, calcium, magnesium, phosphorus, iron, boron, 
copper, and manganese than soil-based lettuce. Aquaponic kale had a significant higher amount 
of crude protein, crude fat, cmde ash, crude fiber, zinc, copper, manganese, and macro minerals 
than the soil-based kale. However, the aquaponic lettuce and kale at both sites had lower 
concentration of vitamin C and ~-carotene than the soil-based lettuce. A higher concentration of 
nitrate (78.4811g/g) and (70.7311g/g) was obtained in aquaponic lettuce at Shewa Robit and kale 
at AAU site respectively, compared to the soil-based produces. The concentration of chromium, 
lead and nickel were lower in the aquaponic lettuce than the soil based havests at AAU site. 
Aquaponically grown lettuce and kale at AAU site had a lower sensory preference score 
compared with the soil-based produces. The microbial load of the aquaponics system water, 
lettuce and kale was within the framework «235 CFU/IOOmL) of EPA for such products. In 
conclusion, in this study aquaponically grown lettuce and kale had a better nutritional quality 
compared with the soil-based ones. Besides, the heavy metals concentration was within the 
acceptable limit of WHOIFAO. Further studies to improve the sensory qualities of the aquaponic 
leafy vegetables are strongly recommended from this study. 

Keywords: Aquaponics, nutritional quality, customer preference, microbial load, lzmmful metals 
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CHAPTER ONE 

1. INTRODUCTION 

1.1.Background of the study 

Malnutrition is still a significant problem in the developing world. Hence, dietary quality and 

diversity in the food environment is required to tackle this challenge (Sibhatu et al., 2015). To 

attain diet diversity and quality, in the food supply system agricultural production should be 

diversified. However, the problem associated with conventional food production on soil has been 

aggravated due to climate change, decline in soil productivity, arable land shrinkage, 

urbanization, increase in population, high demand of energy and water (FAO, 2012). These 

global environmental, social and economic challenges drive the need for new and improved 

solutions for food production and consumption (Sala et aI., 2017). Therefore. sustainable 

diversified food production system with less water and energy consumption is becoming more 

important (Suhl et al., 2016). Addressing these issues and to diversify the agricultural subsystem, 

aquaponics and other systems that do not require arable land are promising. In light of nutrition, 

in many African countries there are major nutritional deticiencies in protein, essential minerals 

and vitamins. Aquaponics may provide an efficient means to provide both animal protein (fish) 

and mincral and vitamin sources (fresh vegetables) to populations where water/and or fertilizer 

resources are limited with a minimum of cnvirorunental pollution (Nichols and Savidov. 2011). 

Aquaponics promises to address the mentioned problems in the framework of controlled 

environment agriculture (Kiss et al., 2015). Aquaponics is a food production sector that 

combines aquaculture (fish rearing in water) with hydroponics (soilless crop production) 

(Rakocy et aI., 20l2). The integrated combination is symbiotic, in which fish (daily fed a 

protein-rich diet) generate waste that flows into the hydroponic system. The hydroponic system 

has an environment suitable for bacteria to convert the waste (ammonia) into compounds 

required for plant growth (nitrate) (Bailey and Ferrarezi, 2017). Through aquaponics farmers can 

produce a great variety ofleafy vegetables, herbs, fnlits and fish locally (Pattillo, 2017). 

The main components of aquaponic systems are: fish rearing tanks, a soJid removaJ device 

(clarifier) to reduce suspended solids (fish waste, uneaten feed. biotloc), a filtering tank to 

m1011mze remaining suspended solids and the hydroponic troughs serve for the biological 
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conversion of fi sh excreted ammonia to nitrate, which is less toxic to fish and to strip water 

nutrients (Pantanella, 2012). 

For the success of aquaponics harvests in the food system, the environmental , nutritional and 

sensory qualities must be equivalent or better than soil-grown produces (Treftz et al .. 20 15). 

From envirolllnentai perspective, aquaponics food production technology offers increased yields, 

higher plant survival rates, decreased land, water and pesticide uses (pattillo, 2017; Treftz eT al., 

2015). From the perspective of food safety in aquapimic systems, few studies addressing whether 

aquaponic produces are more or less susceptible to microbial contamination compared to 

conventional produces. Aquaponics systems are often built elevated above the growld, set-up in 

greenhouse and built away from soil. Hence, there seems to be much less likelihood of 

contamination of system water, aquaponic vegetables and fish. Another characteristic that makes 

aquaponics different from the conventional agricultural techniques is the organic management. 

So far, no chemicals are allowed to be incorporated in the aquaponic system. This is to prevent 

any risks of plant and fish-cross toxicity. 

Although aquaponics has several environmental and economic advantages. it does not guarantee 

a produce with high nutritional quality and customer preference (Treftz et al.. 2015). As 

innovative technologies with aquaponics are being investigated. it is important to investigate the 

quality of the aquaponic produce in terms of sensory and nutritional quality, since taste and 

nutrition are the two drivers of conswnption of the product (Treftz and Omaye, 2015). Besides, 

in aquaponics system some elements like iron and boron which are important for plant 

photosynthesis and respiration are limited (Licamele. 2009 and Tadesse, 2017). Along with other 

factors. this may entail a possible nutritional and sensory quality difference in the produces as 

compared to conventional harvests. So far, many studies al'Ound the world on aquaponics 

technology which mainly revolving around on fish to plant interaction, selection of plant crops 

and fish species which adapt the system and improvement of yield have been done. 

In Ethiopia. in the past few years, aquaponics projects have been started (Love et al .. 2015 and 

Slingerland, 2017), mainly focused on production and system maintenance. However. to our 

knowledge, there is no study or documented data on nutritional quality of aquaponically grown 

vegetables in Ethiopia. Therefore, this study was carried out to determine whether aquaponically­

grown leafy vegetables i.e. lettuce (Lactuca satilla L.) and kale (Brassica carillata) are as 
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nutritionally dense as conventionall y soil-grown ones focusing on their biochemical 

composition. sensory quality, mineral content, vitamin C, pro vitamin A and nitrate 

concentration and at the same time microbial load of the system water, lettuce and kale. 
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1.2.Statement of the problem 

Aquaponics technology has several advantages compared with soil-based production systems: it 

produces plants with added value that can be considered "organic products", reduces the amount 

of hazardous nitrogen discharges to the environment, eliminates the use of pesticides and 

fertilizers , and reduces water and waste removal related operating costs (Pineda-Pineda et ai., 

2015). However, these advantages do not guarantee a produce with high nutritional quality and 

customer preference (Treftz et ai., 2015). According to Licamele (2009) and Tadesse (2017), 

elements like boron and iron important for photosynthesis and respiration are deficient in the 

aquaponic system. This may indicate a possible nutritional and sensory quality differences in the 

produces as compared to conventional harvests. In :fact, for consumers, the primary consideration 

for selecting and consuming a food commodity is the product's palatability (i.e. sensory quali ty) 

and nutrition (Lawless and Heymann, 20 I 0). Therefore, nutritionally quality food products don't 

guarantee preference by consumers. Hence, in the food system, any new agricultural produce 

(i .e. aquaponic vegetables) need to incorporate both qualities to derive a quality diet to the 

consumer. Aquaponic vegetables being new for our society in the food system, when a consumer 

buys as such a produce most importantly sensory properties and consistency with previous 

similar products come first. Therefore, sensory evaluation is considered as an integral part in 

describing and controlling aquaponic produces quality in this study. In Ethiopia, aquaponic 

projects have been started mainly focused on ensming food secmity and improvement of 

production of fish and vegetables (Slingerland, 2017). However, to our knowledge, there is no 

study on nutritional aspect as well as customer preference of aquaponic vegetables grown in 

Ethiopia. To address this research gap, an experiment to evaluate the nutritional quality and 

customer preference for products grown on aquaponic systems were performed. 
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1.3.Research questions 

The specific questions investigated in this research are: 

);> Does aquaponically-grown vegetables are lower, equal or better In quality than soil­

grown produces? 

» Is there a difFerence in sensory quality between aquaponic and soil-grown vegetables? 

);> Does aquaponic produces are safe from hannful metals and foodborne pathogens? 
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1.4.0bjectives 

1.4.1. General Objective 

» To compare the nutritional quality and sensory preference of aquaponically-·grown green 

leafy vegetables to those grown 011 soil t1u'ough conventional fanning system 

1.4.2. Specific Objectives 

» To evaluate the nutritional composition (proximate, mineral , pro vitamin A, vitamin C 

and nitrate) of lettuce and kale grown on an aquaponic systems 

» To compare the similarity and differences between the concentrations of hatl11fuJ metals 

in aquaponically grown lettuce and kale with the conventional produces 

» To evaluate the cllstomer preference of lettuce atld kale grown on aquaponic systems as 

compared with conventional produces 

» To detennine the microbiological load of water,leltuce and kale satllpled from aquaponic 

systems 
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CHAPTER TWO 

2. LITERATURE REVIEW 

2.t.Overview of global food production systems 

The significance of agriculture is strongly correlated with food security, poverty reduction, rural 

development as a means to achieve bigger goals including employment led economic growth . 

The agriculture sector, however, faces critical challenges (Sheikh, 20(6) including rapid demand 

growth for food, increased hwnan population, increased meat conswnption and search for quality 

food etc. Unlike now, in early 1960s, most nations were self- sufficient in food; (Kendall & 

Pimentel, 1994). Due to the ever-increasing global population, equitable food provision is a great 

challenge (FAO, 2012). This population size is expected to reach 9.5 billion .in 2050 (FAO, 

20 12). It is evident that as the global population increases, so does the need for sustainable 

growing systems. Hence, providing healthy diet with adequate amount for such population size 

from conventional food production systems is difficult (FAO, 2012). So, what are the solutions 

to feeding a growing world population in the face of climate change? Therefore, dynamic 

paradigm shift on food production is needed (FAO, 2012). 

2.2.Soilless agricultural systems 

Soilless agriculture provides plants with support and a reservoir for nutrients and water. The soil 

is a mediafor plant growth while controlling the quantities of waler, mineral salts and most 

important, dissolved oxygen (Lakkireddy et ai., 2018). In contrast, Soilless culture can be 

defined as "any method of growing plants without the use of soil as a rooting medium, in which 

the inorganic nutrients absorbed by the roots are supplied through the irrigation water" (Savvas 

et aI., 2013). Soilless culture technique plays crucial role in 21 st century in commercial food 

production (Lakkireddy et ai., 2018). 

Globally, agriculture has changed unexpectedly over the last few decades, and thi s change 

continues, since the driving forces for these changes are still in place (Raviv el al. , 2008). Rapid 

scientific, economic, and technological developments throughout the world are among the major 

forces. The increase in world's population and the improvement in the standard of living in many 

countries have created a strong demand for high-value foods (Raviv et ai. , 2008). Additionally, 

lack of suitable soil, diselL~e contamination after repeated use and the desire to apply optimal 

conditions for plant growth are leading to the worldwide trend of growing plants in soilless 

7 



media. Pantanella (2012) stated that soi.11ess cultivation can at least double the harvest of 

conventional horticulture (from I.kg m'z in soil to 2.3 kg m'2 in soilless for letlllce; from 1.2-2.4 

kg m'z in soil to 14-74 kg 111,2 in soilless for tomato). Moreover, soilless growing methods 

decrease the excess.ive spread of soil borne pathogens, improve growth by a better control, save 

energy and increase production. Also as recent report indicated that soilless system can increase 

a more efficient use of water, nutrients and pesticides to decrease emission to the enviroument 

(Van Os, 1994). To summarize, the main reasons for the expansion of soil-less agricultural 

practices are: decreased presence of soil-borne diseases and pathogens because of sterile 

conditions, improved growing conditions that can be manipulated to meet optimal plant 

requirements leading to increased yields, increased water and fertilizer-use efficiency, and the 

possibility to develop agriculture where suitable land is not available (Somerville et al., 2014) . 

In soilless system, when roots are suspended in moving water, they absorb food and oxygen 

rapidly. If the oxygen content is insufficient, plant growth will be slow. But if the solution is 

saturated with oxygen, plant growth will accelerate. Therefore, the grower's task is to balance 

the combination of water, nutri ents, and oxygen, with the plant needs, in order to maximize yield 

and quality. Along with these factors, for the best results, temperature, humidity and COzlevels, 

light intensity, ventilation, pH and the plant's genetic make-up should also be considered (El­

Kazzaz, 2017). Now soilless agriculture is shifted from open to close- loop system. This system 

is known for its efficiency in water use and maintaining the quality of the yield (Putra and 

Yuliando, 2015). 

Growing plants in containers above ground has beep at practice at various times throughout the 

ages. The Egyptians did it almost 4000 years ago. Wall paintings found in the temple of Deir el 

Bahari (Naville, 1913as cited from Hussain el 01., 2014) showed what appears to be the first 

documented case of container-grown plants. They were used to transfer matw'e trees from their 

native countries of origin to the king's palace and then to be grown this way when local soils 

were not suitable for the particular plant. It is not known what type of growing medium was used 

to fill the containers, but since they were shown as being carried by porters over large distances, 

it is possible that materials used were lighter than pure sni!. Starting in the seventeenth century, 

plants were moved around, especially from the Far and Middle East to Europe to be grown in 

orangeries, in order to supply aesthetic value, and rare fruits and vegetables to wealthy people 

(Raviv et ai., 2008). 
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2.3.Types of soilless agricultural systems 

2.3.1. Aeroponics 

Aeroponics is the technology of growing plants in an air 01' mist environment without the use of 

soil or an aggregate media. The word aeroponic is derived from the Latin meanings of 'aero' (air) 

and 'ponic' (work) (Farran ef aI., 2006). This is an alternative method of soil-less culture in 

growth-controlled environments. Historically, it could be traced back to more than 120 years ago 

(Waisel ef a/., 2002). However, it is more advanced than hydroponics system since plant roots 

are submerged not in nutrient solution but suspended in the air and a nutrient solution is misted 

over root system to maintain a constant film of nutrients. 

The growing of plants in aeroponics system is considered as safe and ecologically friendly for 

producing natrn'al, healthy plants and crops. Reports show that the system is ten' times more 

successful than conventional techniques, tissue culture and hydroponics. In addition the 

aeroponic system is more user-friendly as the plants are separated; they are all suspended in the 

air (Gopinath, Vetharnoni and Gomanthi, 2017). The system has the ability to couserve water 

and energy. It comparatively offers lower water and energy inputs per unit growing area (Ritter 

et ai., 2001; Farran et ai., 2006). Although aeroponics is a unique way of growing, it is not a 

common means of commercial production (Sheikh, 2006). 
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Aeroponics System Cross-Section 
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Figure I: Aeroponic system 

Source: www.piterest, accessed on 9/5/ 2018. 
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Tn general compared to hydroponic culture, aeroponics has the following advantages. (1) it is 

very light in weight; (2) it has no limitation of air; (3) it limits disease spread s.ince plant-to-plant 

contact is reduced and thus, products of aeroponics arc pesticide free); (4) it saves water, maki.ng 

it ideal for some countries where water resoW"ces are limiting; and (5) it is flexible and allows 

modification of many root-zone environmental factors such as root zone temperature (Lee SK, 

1993). 

2.3.2. Hydroponics 

Due to huge, rapid and subsequent demand on food supply, many new trends in the farming 

innovative methods which include a complex agricnltural production system have been evolved. 

Hydroponics is a technology of plant growing in a soill ess medium through addition of nutrient 

solution required for healthy growth and development of plant (Savvas, 2003).The term 

hydroponics was coined by Gericke (1937 as cited from Sheikh, 2006) to mean water cultW"e 

without employing any substrate. Mainly the term is used to refer to systems that do include 

some sort of substrate to anchor or stabilize the plant and to provide an inert matrix to hold 

water. However, hydroponics is the practice of growing plants in nutrient solutions (Raviv et ai., 

2008). The determination of the essential elements required by plants was discovered using 

solution cultW"e techniques. The technique has an interesting history of development and use 

dating back into the mid18lh-century (Jones, 1982). Hydroponic production get intensified 

through time due to increased economic demand for producing high value crops in more stable 

situations (Jensen, 1997). 

2.3.3. Aquapollics 

Mitigating mother technologies (aquaculture and hydroponics) associated problems has cost 

implication and hence developing multi-trophic cultW"e system, which is aquaponiCs, would be 

considered as most cost effective (Childress, 2002). The word aquaponics is a mixture between 

aquaCUlture and hydroponic (Maltin, 2017). It's organic by definition: instead of using man 

made chemical fertilizers, plants are fertili.zed by the fish waste (without application of 

pesticideslherbicides (Okemwa, 2015). The main components of all aquaponic system are 

(Figurc2): fish rearing tanks, a solid removal device (clarifier), to reduce suspended solids (fish 

waste, uneaten feed, biofloc), a filtering tank to minimize remaining suspended solids. 
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Following the filtering stage the hydroponic troughs serve for the biological conversion of tlsh 

excreted ammonia to nitrate (Pantanella, 201.2). In addition to the vegetables they can grow, most 

aqnaponics gardeners cultivate fish as well. Thus, aquaponics can be described as the farming of 

fish and vegetables in a symbiotic environment imitating the natural cycles of nutrients for a 

more sustainable agriculture. It is hannonized fish and plant production system developed based 

on the mutual benefits for both through microbial intervention (Tyson et aI., 2011). 

Aquaponics provides several benetlts including environmental, economical, and societal health 

through its potential of reducing water conswnption and waste discharge to the environment, and 

incredibly highest productivity potential (Buzby et aI., 2016; Dediu et ai. , 2012). It can be the 

answer to a fi sh farmer's problem of disposing of nutrient rich water and a hydroponic grower's 

need for nutrient rich water (Okemwa, 2015). In aquaponics, the fish waste provides a food 

source for the growing plants and the plants provide a natural filter for the fish . This creates a 

mini ecosystem where both plants and fish can grow. 

Aquaponics first appeared at least 1,500 years ago in China (Jones, 2002). Soilless agriculture, in 

fact, historically dated back to several hundred years BC since the civilization of ancient 

Egyptians, the Chinese and other cultw'es (Jones. 2002) . The Aztecs started a method of 

suspended gardens based on hydroponics at Lake Tenochtitlan during the 10th and 11 th centuries. 

However, commercial aquaponics ideas and companies were started in Europe (Mili cic, 20J 7). 

In a modern context, aquaponics emerged from the aquaculture indusuy as fish fanners were 

exploring methods of raising fish while trying to decrease the.ir dependence on the land, water 

and other resources (Fernandez, 2015). 

Taking apart the ancient techniques developed by different cultures at the length of the history, 

modern aquaponics began in 1977 with studies about the options for removing nitrates from 

waste aquacultW'e water which would be recirculated again (Boh!, 1977). Among the different 

oprions, the removal of nitrates using plants as a biofilter seemed promising which led to the 

birth of aquaponics (Martin, 2017). The other option was without relying on prants, mainly 

bacteria-adsorbent biofJ..lters that led to the RAS, the modern recirculating aquaculture. 
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2.4.Principles of aquaponics and its worldwide practices 

The classical working principle of aquaponics is to provide nutrient-rich aquacl1ltm-al water to a 

hydroponic plant culture unit, which in tm-n removes the water that is returned to the aquaculture 

tanks (Figure 2). Conventional hydroponics requi.res mineral fertilizers in order to supply the 

plants with necessary nutrients (Jones, 1982). But the aquaponics systems use the available fish 

water that is rich in fish waste as nutrients for plant growth. Another advantage of this 

combination lies in the fact that excess of nutrients does not need to be removed through 

periodical exchange of enriched fish water with fresh water as practiced in aquacultm-e systems 

(Pade and Nelson, 2005). The system results in a symbiosis between fish, microorganisms and 

plants, and encom-ages sustainable use of water and nutrients, including their recycling. Within 

this synergistic interaction, the respective ecological weaknesses of aquaculture and hydroponics 

are converted into strengths (LerUlard, 2004). 

Aquaponic practices can be found throughout the world, from deserts to northern countries like 

United States (US) to tropical islands. In Gaza, aquaponics is saving lives. During the summer of 

2014, the Israeli offensive lasted 51 days and left 2,000 Palestinians dead and tens of thousands 

of houses destroyed. It wasn 'f safe to go buy vegetab les and farmers were cut ott !Tom theIr 

fields. Instead, families use their roofs to grow food. Individuals grew fish, tomatoes, eggplants, 

and peppers regularly and were able to feed their fanlily (Baker. 2016). 

Aquaponics is still a new and emerging technology in most African countries. including Ethiopia 

(SmartFish, 2013). The industry is dominated by technology and training suppliers, consultants, 

and community/organic/local food initiatives. There are very few well established commercial 

aquaponic systems and most of those that have been cross-subsidized by other economic 

activities, at least in the start-up phase. Many aquaponics initiatives in temperate zones are 

struggling with high capital, energy and labor cost demand. Constraints on pest management 

have been the major problems to date (Tokunaga el al., 2013). 

In many developing countries there are major nutritional deficiencies in protein, essential 

minerals and vitamins. Aquaponics may provide an efficient means to provide botb animal 

protein (fish) and mineral and vitamin sources (fresh vegetables) to populations where water/and 

or feltilizer resources are limited with a minimum of environmental pollution (Nichols and 

Savidov, 2011). 
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Aquaponics has huge potential to be used by developing countries - both as commercial ventures 

and a way to provide food (Ter Morshuizen, 1996) owner and founder of Aquaculture 

Innovations. Aquaculture advocates also say it is sustainable and eco-friendly. Tony Abuta, 

founder of Amsha Africa Foundation, explains "Water is a precious commodity in developing 

nations, and because the majority of the water used is recycled through the aquaponics system, 

significantly less water is consumed than in traditional farming."Abuta adds: "By building 

Aquaponic systems in developing nations like those in Africa, there would be more food for the 

population, and it would be more nourishing" (Okemwa, 2015). However, there were no suitable 

survey tools existed to collect information on production practices and interests of individuals 

engaged in aquaponics. In general aquaponics increase food security, employment opportunities 

and economic growth. As nutrition is a key issue for developing nations, who rely mainly on 

staple crops such as wheat and rice, the fish farmed could also provide a valuable source of 

protein (Okemwa, 2015). 

Figure 2: A design illustration of a simple aquaponics system 

Source: http: //www.shutterstock.com 
Accessed on 14 August, 2018 
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2.5.Advantages and limitations of aquaponic technology 

Waste water U"eatment using aquaponic plants is one of the cost-effective and beneficial 

phytoremediation strategies (Nuwansi et aI., 2016). Compared to conventional, soil-based 

agricnitnre and aquaculture production methods, aquaponics uses significantly less water and 

produces less waste discharge (Tyson et aI., 2011). It can also take place on marginal land, or 

indoors and in nrban areas. A recent technical repOit by the United Nations Food and Agricnlture 

Organization (FAO) (Somerville et ai., 2014) detailed some of the possible benefits of aquaponic 

systems compared to conventional agriculture and tisheries. The benefits of this system include: 

re-use of the wastewater from the growing fish, production of two commodities from a single 

system, reduction of pressure on land conversion, an increase in the world supply of fish without 

depleting wild stocks, production of food in areas with minimal water supply, and expanded food 

production by nrban residents (Baker, 2016; Somerville et al. , 2014). It is estimated that 

aquaponics system uses 10% of the land needs and 5% of the water needs as U"aditional vegetable 

production (Baker, 2016) . 

From economic perspective, aquaponic system has expensive initial start-up costs compared with 

soil based vegetable productJOn or hydropomcs (Somervtlle et al;:--2U14j.AoaiflOnally. 

aquaponics cannot be applied in places where cultured fish and plants cannot meet their optimal 

temperature ranges. Currently, all aquaponics operations utilize fish diet primarily prepared by 

considering the physiological demand of fish and minimal possible nutrient loss to the 

environment despite the need to bal.ance the plant demand to earn good profit frOll1 the whole 

setup (Somerville et ai. , 2014). So far, fishmeal is considered to be ideal source of protein for 

aquaponic system. However, it is not cost effective fur many aquaponic farmers to afford. 

Studies have been conducted in search of alternative fish diets and both animal-based and plant 

ingredienL~ were found to be good protein sources for fish. Bnt, the fundamental problem to use 

plant ingredients as fish diet component is associated with the presence of phytic acid, which 

makes calcium, phosphorus and zinc unavailable (Tadesse, 2017). Hence, in many aquaponics 

operations nutrient imbalance for plants is observed through prolonged aquaponics operation 

using commercial lish diet (Ogunji et al., 2008). Similarly, concenU"ation of nutrients in 

aquaponics is usnally lower than those found in hydroponic systems (Pantanella, 20:12). 

According to Licamele (2009) and Tadesse (2017), in aquaponics system some elements like 
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iron and boron which are impOltant for plant photosynthesis and respiration are limited. 

Similarly, limited plant growth and development is reported in aquaponics due to the possibility 

of ntineral imbalances in the system (Endut et al., 2010; Seawright et ai., 1998; Rakocy, 1997). 

Thus, one possible mitigation measure can be diet quality adjustment. In addition, plants have 

their own nutrient requirements, which vary based on plant type. Hence, depending only on 

conventional fish diet as nunient source in aquaponics make the plant components suffer. 

Therefore, new insight should be advocated about aquaponics input (fish diet) formulation 

scenarios giving mumal emphasis for fish, plant, and microorgattisms physiological 

requirements. Except multi-element ionic nutrients like nitrate and phosphate, other macro and 

micronutrients might be adjusted by simple addition on fish diet with critical fish and plant 

tolerance limit consideration (Endut, 2010). 

2.6.Challenges to sustainability of aquaponics technology 

The commercial development of socially, ecologically, and environmentally sustainable 

aquaponic systems faced several challenges that need to be addressed (palmet aI., 20 .18). 

According to Le1llnafl el ai. (1993) agticulture i.s a p:tOCeSS that dOes lIot dep.lete allY 1I0Il­

renewable resources that are essential to agriculture in order to sustain the agriculmral practices. 

Both aquaponic and hydroponics Catl be considered a sustainable agriculmral production system. 

Sustainable agriculture can be achieved by resembling natural ecosystems and "designing 

systems that close nutrient cycles, which is one of the main attributes of aquaponics (Okemwa, 

2015). According to FAO, there is a potential for aquaponic systems to be part of a more 

sustainable fumre for agriculture.But the wide variety of potential . system specifications and 

production locations necessitates that any claims to sustainability be evaluated on a case-by-case 

basis (Tyson el al.. 2011). The tatlgible factor of sustainability in aquaponic system could be 

economic feasibility . Even the most environmentally friendly systems will have a hard time 

making an inlpact if they are not able to compete profitably with conventional systems. 

Balancing the aquaponic system env.ironment for the optimum growth of three organisms will be 

an on-going subject of research. In aquaponic activities. one major challenging factor is the 

accessibility and affordability of fishmeal. 
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Mostly the situation is aggravated in developing countries where, the access for aquaponic 

components limited. Use of fishmeal as major protein source in fish diet increased the diet price 

and brought profit consequences (EI-Saidy and Gaber, 2004). According to Tadesse (2017), there 

were a handful studies related to the alternative fish feed and the animal-based and plant dietary 

ingredients including feather meal, meat bone meal, linseed, peanut, sunflower cottonseed and 

poultry byproducts suggested as good sources of protein. However, tlle quality of such 

ingredients varies based on place of origin, animal condition and other environmental factors 

(Tadesse, 2017). Further aquaponic systems' adoption will require more public and private 

resources to close many knowledge gaps in properly managing these systems and successfully 

marketing their products to the P?blic (Goddek et aI., 2015). If this technology is properly 

applied and monitored, it definitely has the potential to improve food security and exert the 

benefits outlined above. 

2.7.Plants and fish species adapted to aquaponic system 

Many types of vegetables have been cultivated in aquaponic systems (Adler et al., 2000). 

However, the selection of plant species adapted to aquaponic greenhouses is related to stocking 

density of fish tanks and subsequent nutrient concentration of aqua cultural effluent (Diver and 

Rinehart, 2000). Wiili this criterion, culinary herbs are the best choice. They grow very rapidly 

and command high market prices. The income from herbs such as basil, cilantro, chives, parsley, 

pOltulaca and mint is much higher ilian iliat from fruiting crops such as tomatoes, cucumbers, 

eggplant and okra (Rackocy et al., 2006). Lettuce, herbs, and specialty greens (spinach, chives, 

basil , and watercress) have low to medium nutritional requirements and are well adapted to 

aquaponic systems. 

Plants yielding fruit (tomatoes, bell peppers, and cucumbers) have a higher nutritional demand 

and perform better in a heavily stocked, well established aquaponic system. Greenhouse varieties 

of tomatoes are better adapted to low light, high humidity conditions in greenhouses ilian field 

varieties (Diver and Rinehart, 2000). Generally, not all produce can be grown in this system. 

Plants iliat thrive in an aquapollics system are those in which tl1eir nutritional requirements can 

be met by ilie fish wastewater (Baker, 2016). 

Many fish species grow well in the aquaponics system too, however, most commonly used are 

iliose iliat are food sources such as tilapia, trout, perch and bass (Rakocy et al., 1997). Several 
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warm-water and cold-water fish species are adapted to recirculating aquaculture systems, tilapia 

is the fi sh species most commonly cultured in aquaponic systems. Tilapia is a WaI111-water 

species that grows well in a recirculating tank culture. Furthermore, tilapia is toleraIlt of 

fluctuating water conditions such as pH, temperature, oxygen, and dissolved solids. Tilapia 

produces a white-fleshed meat suitable to local and wholesale markets. Although some 

aquaponic systems have used chaIlIlel catfish, laI'gemouth bass, crappies, rainbow trout, pacu, 

common carp, koi carp, goldfish (Carassius aurarus), Asian sea bass (barramundi) and Mun'ay 

cod, most commercial systems aI'e used to raise tilapia. Most freshwater species, which can 

tolerate crowding, will do well in aquaponic systems (including omrunental fish) (Rackocy et aI., 

2006). Therefore, in the present study also the Nile tilapia (Oreochromis niloficus) which weighs 

an average of 70g was used for the aquaponic system. 

2.8.Nutritional and sensory characteristics of aquaponic produces 

2.8.1. Nutritional quality 

Aquaponics provides the consumers an opportunity for eating fruits and vegetables grown closer 

to home. ihis reduces spoilage and cali IfIaxiInize Ilunidwml benefits dllough incleased diet 

diversity (Mw-phy et aI., 2011). Comparison of the nutritional content of aquaponically aIld soil­

grown fruits and vegetables is challenging because of the fundamental differences between the 

two different methods. The difference in growing techniques may result in variations of 

nutritional content as well. According to the quality survey from Trousted (1995) the highest 

rank in quality is obtained by the appearance and taste of a product. However, not much 

knowledge at present is available on the qualitative parruneters of aquaponic leafy vegetables in 

terms of appearance, biomass, dry matter aIld color. A study carried out by Travieso et al.(2016) 

stated that lettuce grown under greenhouse system showed a higher value of+ fresh and dry 

weight, number of leaves, leaf area and chlorophyll content but lower antioxidant capacity 

compared with soil grown lettuce in open field . 

Nutrient concentrations in aquaponics are lower than those used in hydroponic sys.tems due to 

the storage of nutrients into the recirculating water and the continuous supply of minerals by fish. 

However, some studies have indicated that soilless growing methods have superior nutritional 

quality, while others indicate uo significant differences (Treftz et aI. , 2015; Gruda et al., 2009). 

Although aquaponic systems have been studied for decades, vegetable quality and productivity 
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of aquaponics compared with other cultivation methods still needs to be fully developed. Thus, 

one of the specific objectives of this study was to investigate the nutritional quality of aquaponic 

produces as compared with that of conventional produces. In light of nutrition, in many African 

countries where animal protein and fresh vegetable supplies are very low, aquaponics may 

provide both animal protein from fish and mineral and vitamins from fresh vegetables (Nichols 

and Savidov, 2012). Generally, the nutritional requirement in aquaponic plants vary with many 

confowlding factors such as variety, life cycle stage, day length, grow methods and weather 

conditions which correlate with plant biochemical composition (Bittsanszky et al., 2015). 

2.8.2. Consumer perception towards aquaponic produces 

Many key questions about the overall feasibility of aquaponic production remain unanswered. 

Particular concerns for start-up producers are the consumers' perception and willingness to pay 

for aquaponic fruits/vegetables and fish (Short et al .. 2017). A study in Malaysia reported that 

respondents had positive intensions regarding the purchase of aquaponically grown products. 

Consumers who use aquaponic produces believe the naturalness of the food is not affected. Yet, 

research on consumer acceptance of the aquaponic harvests is crucial. Nowadays, consumer 

awareness has increased on the health benefits of local and organic agricultural produces (Bash a 

et aI., 2015; Palguera eT al .. 2012). Moreover, consumers make more conscious decisiuns when 

buying food (Tokunaga et al., 2015), especially in developed and industrial countries. 

Accordingly, consumer acceptance and certification criteria are of special interest for the 

development of commercial-scale aquaponics systems. Most available studies on aquaponics 

have focused mainly on productioll and system maintenance (Love et aI., 2015). Due to their 

healthiness, environmental friendliness, taste, freshness, and quality of the food, as well as a 

desire to avoid genetically modified ingredients, consumers show willingness to buy organic 

products. Therefore, it is possible that conswners' perceptions of aquaponic products might 

contain some of the same appealing attributes as organic and local production. Thus, the present 

sl1ldy investigatcd the sensory quality/preference of aquaponic produces with that of 

conventional harvests. 
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2.9.Aquaponics and food safety issues 

Aquaponics is gaining .increased attention as a bio-integrated sustainable food production system. 

The waste products of one biological system serve as nutrients for a second biological system 

(Diver, 2000). This integration of fish and plants results in a polyculture that increases diversity 

and yields multiple products. Water is re-used through biological filtration and recirculation. 

Local food production provides access to healthy foods and enhances the local economy. 

However, when food plants are grown in the presence of tish cultnre effluent, food safety 

considerations become very important (Hollyer el aI., 2009). TIle coming paragraphs will detail 

on the microbial and chemical safety of aquaponic produces and water collected from the 

aquaponic system. 

2.9.1. Microbial quality of aquaponic produces 

One important issue in aquaponics that has not yet been stndied is the assessment of 

microbiological quality of the water and the reduction of microbial loads to comply with food 

safety standards (Pantanella et aI., 2010). It is not nnCOll1lll0n to find fecal coli forms and 110n-

- __ ==I'lp,athGggaiGdi:.wii-Muq-yapGniGs wateL{Ijaker._2Ql(i)._.!'..£GGnling tG Em; e1 01 (2012) dued:Qdh,e,e __ ---­

constant recirculation of water coli forms are natnrally present in aquaponic systems. 

From the perspective of food safety in aquaponic systems, few studies addressing whether 

aquaponic produces are more or less susceptible to microbial contamination compared to 

conventional produces. Aquaponics systems are often built elevated above the ground, set-up in 

greenhouse and built away from soil. Hence, there seems to be much less likelihood of 

contamination of system water, aquaponic vegetables and fish. In addition, aquaponic systems 

are llsually located and designed in a way th.at allows them to have protection from 

contamination unlike traditional soil falming (Baker, 2016). However, in the aquaponic system 

the llsed water from fish as nutrient for plants can pose a microbial risk for water and vegetables 

(Alcaraz et aI., 2016). Although cold blooded animals like fish have different bacteria from 

warm blooded animals and do not have Escherichia coli, the presence of coli forms may be a 

possible risk. Hence, aquaponics could benefit from water sterilization, however it is not clear 

whether drastic elimination of bacteria may harm nitrifying bacteria activity and thus be a risk 
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factor for fi sh. Thus, the present also investigated the microbial load of the circulating water 

from the aquaponic system. 

2.9.2. Chemical residues in aquaponic produces 

Another characteristic that makes aquaponics different trom the conventional agricultural 

techniques is the organic management. So far, no chemicals are allowed to be incorporated in the 

aquaponic system. This is to prevent any risks of plant and fish-cross toxicity. Aquaponics is 

mostly work with integrated pest/disease management and the use of biological treatments 

(Pantanella, 2012). Soil and environmental pollution is a matter of major concern and has been 

considered as global problem because of its adverse effect on human health, plants and animals 

exposed to chemicals (Abbas et aI. , 20J 7). However, in aquaponics system, the used water from 

fish tank as nutrient for plant may cause a risk if the source is from contaminated area. There are 

several aspects of food safety with regard to raw vegetable produce, including chemical (i.e., 

pesticides, herbicides, antibiotic use, etc.), physical (i .e., foreign objects, metal or bone 

fragments, large pieces of soil or rocks), and piological (i.e., bacteria, parasites, viruses 

(chalmers, 2004).50 far, no available data found regarding chemical residues in the aquaponic 

system and aquaponic harvests. 

2.10. Economic analysis of aqnaponic system 

From a purely economic development perspective, Aquaponics system is still not common in 

rural areas because existing aquaponic systems require a large capital and operational 

expenditures (El Essawy, 2018). According to Somerville et al. (2014) aquaponics is more 

productive and econOlnically feasible in celtain situations, especially where land and water are 

limited. However, aquaponics is complicated and requires substantial start up costs . . 

Energy use is relatively high because of the need for both aeration and pumping in most systems 

(Hambrey, 2013). Most of the early research on ' aquaponics took place outdoors, in warm 

locations with limited treshwater and limited local food production such as the Virgin Islands 

(US). In this setting, aquaponics can be an efficient system for food production Witll remarkable 

profit (Bailey et ai., 1997). There were handful studies related to the cost and profit for 

commercial scale aquaponics (Tokunaga et aI., 2013; Bunyaviroch et al., 2013; Bailey et ai., 

1997). The study conducted by Toinmaga et al. (2015) in Hawaii concluded that the economic 
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performance for commercial scale aquaponics had some potential, even though the potential 

might be not as promising as fomler studies suggested, 

The study conducted by Bunyaviroch et al. (2013) investigated a commercial case in Puerto Rico 

and indicated that aquaponics was viable there but the protitability was limited, The study 

conducted by Palm ef ai, (2014), focusing on factors affecting economic sustain ability of closed 

ebb flow aquaponics in Germany and he concluded that the availability of plant nutrients in the 

aquapollic system and the general performance of the combined fish and plant cultivation must 

be kept in mind in order to achieve economic sustainability in closed aquaponics, Based on a 

techno-economic study of aquaponics in South Africa, high capital and operating cost made it 

difficult to make profit (Lapere, 2010), Love et at. (20 15) conducted a relatively comprehensive 

international survey on aquaponics production and profitability. It indicated that energy, water, 

and fish feed were the three major physical inputs in aquaponics, Small scale aquaponics could 

be operated in the backyard while commercial scale aquaponics is considered as agriculture 

which could make profit. It was repolted that the average size of commercial aquaponics was 

using 10,300 L water and was occupying 0,01 ha fJeld. Less than half operators also reported that 

--- =="'Ihcy IIsce slIpplementailighH6=help=phmFproducrion. 'l'he sUI,e-y also stated that eicchie.ily was 

the primary energy source for aquaponics. Aquaponics is supposed to have large potential in 

development and expansion (Love et ai" 2015), For conunercial operators, 55% of them 

harvested less than 45 kg fish and 52% of them harvested less than 226 kg plants in the previous 

year. The survey also showed that more commercial aquaponics producers sold products throngh 

direct markets, snch as at aquaponics facility, farm market, and restaurant, other than indirect 

markets, such as via grocery store and wholesale; which also indicated that aquaponics was still 

not a matme 'agriculture. From this survey, only 31% of operators made profits during the 

previous year, and many of them were not only selling fish and plants, but also selling 

aquaponics materials and services (Love et ai. , 2015), Before committing to a large or expensive 

system, a flill business plan considering economic, environmental, social and logistical aspects 

should be conducted (Somerville et at., 2014). In another survey by Savidov (2004) on 

aquaponics system in Alberta, Canada; most consumers indicated that they would purchase 

aqnaponic vegetables, Their study also predicted that the greatest challenge for producers would 

be finding the right market, meeting customer requirements in tenns of quantity as well as 

quality and establishing proper prices (Savidov, 2004), 
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2.11. Concluding remarks 

Aquaponics can be described as the fanning of fish and vegetables in a symbiotic environment 

imitating the natural cycles of nutrients for a more snstainable agricnlture. As nutrition is a 

worldwide key issne especially for developing nations, who rely mainly on staple crops such as 

wheat and rice, It can be the answer to provide both animal protein (fish) and mineral and 

vitamin soW'ces (fresh vegetables) (Nichols and Savidov, 2011). However, linlited plant growth 

and development is reported in aquaponics due to the possibility of mineral inlbalances, 

continous power failure and the inaccessibility and affordability of fishmeal. In general, if this 

technology is properly applied and monitored, it definitely has the potential to improve food 

security, employment opportunities and economic growth. 
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CHAPTER THREE 

3. MATERIALS AND METHODS 

3.1. Study area 

The present study was conducted in two towns of Ethiopia where aquaponic facility were 

available. These were Shewa Robit town and Addis Ababa (Addis Ababa University aquaponic 

facility). Shewa Robit is a medium size town located at 225 km northeast of Addis Ababa. in the 

Amham National Regional State at elevation of about 1.280 meters above sea level (ASL) and is 

situated in a mountainous area. The town lies at a longitude of 10006'N39°59'E and latitude of 

10.1 "N39.983"E respectively. The climate in Shewa Robit is semi-arid with mean annual rainfall 

of 120 mm; usually the maximum rainfall occurs in the months of July and August. The mean 

annual temperature is 32°e with a daily average minimum and maximum of 14°e and 36°e 

respectively. According to Koop (2016). tbe mean relative humidity in Shewa Robit is 21 %. The 

second aquaponic site. Addis Ababa University is located in Addis Ababa. Addis Ababa is 

located between 80 55' and 9° 05'N Latitude and 38° 40' and 38°50' E Longitude. The city is 

located at the center of Ethiopia with an area of 540 km2
• Its altitude ranges from 2000m -

2800m (ASL) . The temflemwre is miM AfF€l alflm~~t~e=,C;J;J illlmruajJ;tee-____ _ 

with annual average temperature between 100e to 200e and average annual rainfall is 1200nul1. 

3.2. Experimental setup and statistical data analysis 

The experimental setup was comprised of nine fish holding tanks (circular. plastic) with 250 L 

water holding capacity. Each tank was attached to 80 L bioftlter tank. which contains 0.25 Kg 

bioballs and attached to 20L clarifier (Figure 3). The plant component was nutrient ftlm 

techniques (Nfl) with 44 planting pots attached to each fish tank. Each system was working 

independently in every aspect and similar. Throughout the experiment. nutrient water tlow from 

fish tank to clarifier then to bioftlter and pumped up to hydroponics gullies and back to fish tank 

by gravity. All units utilized municipal tap water according to the method described by Tadesse 

(2017). 
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Figure 3: Schematic diagram of aquaponics unit used in the experiment. 

Source: Tadesse (20 I 7) 

Statistical data analysis for the sensory evaluation 

0 <' 
,-) 0 

0 0 0 

0 0 

0 0 
---

" 

The data collected from the sensory tests were analyzed using SPSS® (version 23). Analysis of 

variance (ANOVA) was performed for each vegetable samples with comparison between those 

aquaponically and SOLI-grown. Significant differences were determined at p< 0.05. All analyses 

were conducted in triplicate and the results were expressed as mean ± standard error (SE) 

Statistical analysis for the microbial tests 

All results were recorded using MS Excel 2010 and the statistical analysis was performed with 

SPSS 23.0 
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3.3. Fish stocking 

For this experiment, 54 Nile tilapia (0. niloticus) fingerlings were obtained from aquapoDlc 

farmers. Then stocking of fingerlings was done with the density (800g) of fingerlings in each 

tank. Acclimatization of fingerlings was carried out for 8 to 10 days prior to the experiment. 

Fish 
Fish 
stocking 

Figure 4: Weighing and stocking of Nile tilapia (0. niloticus) into fish holding tanks 

3.4. Fish feeding 

Fish feed in aquaponic system for fish and plant production varies widely in their mineral 

content as per ingredients used and species of interest. Tilapia nutritional dietary requirements 

for energy, protein, lipids, vitamins and minerals were established after several studies (Tadesse, 

2017). Similarly, lettuce needs essential minerals in proper amount, type, and integrity for its 

best growth. In this study, commercial Nile tilapia feed contain ing protein, carbohydrates and 

vitamin premixes were used to feed the fish. The fish feed composition is indicated in the 

appendix IV. The feed was supplied twice daily (9 am and 5 pm) at the rate of 10% body weight 

for the first month. Then the feeding rate was adjusted to 8% for the rest of the period according 

to the method described by Tadesse (2017). 
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3.5. Planting of lettuce (Lactuca sativa L.) and Kale (Brassica carinata) 

Seeds of lettuce (L. saliva L.) and kale (B. carinala) were purchased from Fan agricultural input 

supplier and after preparing the grow beds, the seeds were sown on hydroponic grow beds and in 

open field without chemical treatments or fertilizers on the same day. Thenafter 36 days of 

planting, roots of seedlings were transplanted to aquaponics facility for the experiment. Then, 

seedlings with 4-5 branching young leaves were placed in a small media filled plastic mesh pots 

and placed in a plastic line pipe which wholes are cut and attached to the system in the late 

afternoon on I" November, 2017. The upper part of the roots remains in the air while the lower 

parts grow vigorously in the well aerated water. Finally, after 65 days of planting kale and lettuce 

samples were harvested from aquaponic system and field on the same day. 

3.6. Sample collection and preparation 

3.6.1. Sample collection and preparation for compositional analyses 

Samples of both lettuce and kale were collected from field and aquaponic systems after 65 

planting days by taking same size and equal number of leaves. Homogenized sample was 

prepared for each vegetable by mixing each leaf together and bagged with clean plastic bags in 

ice box. Then, samples were brought to Center for Food Science anclNutrition l aboratory of 

Addis Ababa University for compositional analyses. Then, the vegetables were cleaned with tap 

water and rinsed with deionzed water to remove dust and extraneous matter. The cleaned 

vegetable samples were freeze dried using (MINI-L YODEL 1683-11, Delvac pumps-India). 

Finally, the dried vegetable samples were ground using high speed lab mill (FWIOO-China), 

homogenized and stored in a tightly closed clean bottle until further analyses as indicated in 

Figure 5. 

Figure 5: Lyophilized, ground and homogenized lettuce and kale samples 
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3.7. Methods of analyses 

Proximate composition determination 

Moisture content determination 

Moisture content of lettuce and kale was determined by drying the samples in an air drying oven 

(Gallenkamp, model OV 880, England) by using (AOAC, 2000); the Official Method 92S.09. 

Five gram of composite dried and ground vegetable sample was accurately weighed and placed 

into a previously cleaned, dried and weighed metal crucible with fresh sample (W 2)' The crucible 

with its content was put into a drying oven at lOsoC for Shr and cooled in desiccators at room 

temperature for 30 minutes. Then, the crucible with residue was weighed until a constant weight 

was obtained (W3).The moisture coutent was determined using the following equation. 

Moisture (%) 

Where, 

(W2-W 3) *100 
Wl 

WI = weight of sample 

W2 - fmal weIght of crucible + fresh sample 

W 3 =weight of crucible + weight of sample after oven dried 

Determination of crude ash content 

Equation (1) 

Ash content was determined by high temperature incineration m an electric muffle furnace 

according to the AOAC (2000), using official meihod 925.09. First, clean porcelain crucible, 

dried at 105DC in an air drying oven (Gallenkamp, model OV 880, England) for 30 minutes was 

cooled in desiccators and weighed (WI). Then 2.S g of powder vegetable sample was weighed 

into previously dried and weighed porcelain crucible (W 2)' The sample was charred by hot plate 

at 120DC for 1 hr until the contents were carbonized and turn black. TIle crucible with its content 

was placed in a Muffle furnace (CARBOLITE-Hope Sheffield, 5302RR-England) set at 550°C 

for 5 hr to ignite until ashing was completed. The cLUcible with its residue was cooled in 

desiccators at room temperature for 30min and weighed (W3) . The total ash was expressed as 

percentages on dry matter basis as follows:-
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Crude ash content (%) (W3-W2) *100 
Wi 

Where, 

W, = weight of sample 

W2= weight of empty crucible 

W3= weight of crucible and sample after ashing 

Determination of crude protein 

Equation (2) 

Crude protein was determined by the method of AOAC (2000) using Kjeldahl method. 

Homogenous dried and ground vegetable sample (O.Sg) was weighed into a digestiOll tube. Then, 

mixture of catalysts (5 g K2SO., I g CuSO.) and 6 mL of concentrated H2S04 were added and 

the tube was gently shaken uniformly to wet and mix the sample with the acid. The digestion 

tube containing rack wi th exhaust system was loaded on a pre-heated digestion block for an hr 

and heated to 370"C for 3 hr allowing digestion. All samples were digested until the solutions 

turned green and clear. SOmL of distilled water and 25mL 40% sodium hydroxide solution were 

added to the digested sample solution . The distillation process was automatically started by using 

KjeJtec analyzer after sample was cooled. The digestion tube was placed in the distillation unit 

and safety door was closed. Distilled water (80 mL), 30mL of receiver solution (2% boric acid) 

and 50 mL of 40 % NaOH were added to digestion tubes, respectively. Then, the steam valve of 

Kjeltec was opened automatically and distilled approximately for 4-7 minutes. The distillate was 

titTated with standardi zed 0.1 N HCI using methyl red indicators until pink reddish end point was 

achieved. The percentage total nitrogen and crude protein contents were calculated using 

equation 3. 

% of nitrogen = eV2 - V])*N*14.01 *100 
Sample wt (mg) 

Where, 

N = Normality of titrant (standard hydrochloric acid) (O.IN) 

Equation (3) 

VI = Volume in mL of standard hydrochloric acid solution used in the titration of Ihe blank 
sample 

V2 = Volume in mL of standard hydrochloric acid solution used in the ritraIion for the sample 
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14.01 = the molecular weight of nitrogen 

The % of nitrogen is converted to % of protein by using a conversion factor of 6.25.: 

Crude protein content (%, w/w) = %Nitrogen* conversion factor (i.e. %N*6.25) 

Determination of crude fat 

Eqnation (3) 

Crude fat content of both lettuce and kale samples was determined by AOAC (2000) method 

using Sohxlet extractor (insert company name, FP-SCZ-D, Hanan, China (Mainland). Two gram 

of each vegetable sample was weighed (WI). A clean and dried muslin thimble containing the 

sample and covered with fat free cotton at the bottom and top was placed in the extraction 

chamber. 50mL of the extracting solvent (petroleum ether, boiling point 40-60°C) was poured 

into the metal cap and fitted into the extraction unit. The extraction process was carried out for 2 

hr for soaking and 2 hr for extraction. Then the thimbles with their residue were removed from 

the Sohxlet system and placed in drying oven at 105°C for 30 minutes. Then, the thimbles were 

cooled in desiccators and weighed (W3). The fat content obtained was expressed asa percentage 

of the initial weight of the sample using the following fOlIDula. 

Crude fat content (%) =:\:y,-W,,*IOO Equation (4) 
\V~I--------------------------------------------------------------

Where, 

W j = weight of sample (g) 

W2= weight of extraction thimhle (g) 

W,= weight of extraction thimble with the dried crude fat (g) 

Determination of crude fiber 

Crude fiber was detennined by the method of AOAC, (2000) using the official method 962.09. 

Two gram vegetable samples were transferred into a 750 mL Erlenmeyer flask and 200ml of 

boiling 1.25% H2S04 was added and the flask was immediately set on a hot plate (IKA3581400, 

230 VAC, Cole-Parrner-Canada) at 130 DC and condenser connected to it. The content was 

brought to boil within I minute and the sample was digested for 30 minutes. At the end of the 30 

minutes, the flask was removed and the content was fIltered through a linen cloth in a funnel and 

subsequen tly washed with boiling water until the washings were no longer acidic. The samples 

were washed back into the t1ask with 200mL boiling 1.25% NaOH solution. The condenser was 

again connected to the tlask and the content of the flask was boiled for 30 minutes. It was then 
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filtered through the linen cloth and thoroughly washed with boiling water until the washings 

were no longer alkaline. The residue was transfened to a clean crucible with a spatula and the 

remaining particles washed off with 15mL ethanol into the crucible. The crucible with its content 

was then dried in drying oven at J05"C for 2hrs and cooled in desiccators and weighed (M,). The 

crucible with its content was then ignited in a furnace at 550°C for 2in-s, cooled and re-weighed 

(M2). The loss in weight gave the crude fiber content and was expressed as a percentage of the 

initial weight of the sample. The total crude fiber was expressed in percentage as follows:-

(M2-M3) 
Crude fiber content (%)= '100 

Ml 
Equation (5) 

Where, 

M, = weight of sample 

M2 = weight of crucible and sample after drying 

M3 = weight of crucible and sample after ashing 

Determination of total carbohydrate 

The percentage carbohydrate content was detennined by subtracting the swn of the percentages 

of moisture, ash, protein and fat content from JOO%: 

Total carbohydrate content (%) =JOO--(%Moisture+%Ash+%Crude %protein+%Crude fat) 

Equation (6) 

Utilizable carbohydrate content (%) = total carbohydrate - crude fiber 

Calorific value (kcaIll()()g) 

Energy value is quantified using an indirect calculation method. The three groups of nutrients, 

which provide the body with energy, are carbohydrates, fats and proteins (James, 1995). One 

gram of carbohydrate (C) was assumed to give 4Kcal energy; one gram of fat (F) 9Kcal energy 

and one gram of protein (P) 4Kcal. Therefore, detemlination of calorific value (Kcalfl OOg) of the 

vegetable samples was determined according to James (1995) as shown in equation 7 below. 

Energy value = (P*4) + (F*9) + (C*4) in Kcal/IOOg of the sample Equation (7) 

Where, 
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P = Protein content (%) 

F = Fat content (%) 

C = Available total carbohydrate (%) 

Mineral analysis 

Digestion of vegetable samples for mineral determination 

The concentration of minerals in the lettuce and kale samples was performed by ICP-OES 

(Spectro ARCOS FRS 12, Germany, 2010) after microwave digestion (AOAC, 2000, method 

999.10). 

About 0.5 g of freeze dried, ground and homogenized vegetable samples were weighed and 

placed in a digestion vessel. 3mL of 30% hydrogen peroxide (H20 2) and 5mL of concentrated 

nitric acid (HN03) was added in each digestion vessel and closed with the lid respectively. This 

was followed by adjusting the instrument to the appropriate temperature, pressure and time for 

digestion. Then, digestion vessels were placed in the microwave digestion machine (Model-MW­

DE-OI, V-Thermo International H.K) (Figure 6). After 52 minutes, digestion was completed 

which is signaled by the alarm sound from the instrument. Digested samples were cooled ill a 

plastic container with cold water. Finally, all digested samples were makeup with distilled water 

to the final volume of 25 rnL and transported to Debrezeit HORTICOOP Ethiopia P.L.C for 

analysis. The mineral content of lettuce and kale was determined after the standard solutions 

were prepared. 

-
- - "= 

Figure 6: Microwave digestion of vegetable samples for mineral analysis 
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Elemental analysis of vegetable samples 

Analysis of the mineral contents of lettuce and kale samples was determined by ICP-OES 

(Spectro ARCOS FHS 12, Germany, 2010) and the concentration of all elements was determined 

using the following formula. 

Metal concentration (ppm) = N*TV *DF 
Wt 

Where, 

N = elemental concentrations of the sanlple solution'read from the instrument 

TV = total volume of the sample extract 

DF = dilution factor 

Wt = weight of sample 

3,7.1. Beta carotene analysis 

Equation (8) 

'ftle=beta-carotelle COIIlenl of lettuce and kale sauIpies was dete[[IIiIIed accwding to the Iilethod 

by Hart and Scott (1995) with some modifications. 

Samples preparation 

About 3g vegetable samples were placed in a mortar, homogenized and extracted with 50mL 

cold acetone applied in small portions. The acetone extracts were collected and placed in a 

125mL Erlenmeyer flask, the residue added and the mixture stirred manually for lminute. TIle 

extract was removed, filtered through a sintered glass and the residue stirred manually with a 

mixture of 15mL acetone and 25mL hexane for 5 minute. All extracts were combined and placed 

in a separatory funnel. 

The upper phase was removed and the remaining portion was evaporated to dryness in a rotary 

vacuum evaporator (RE-2000A, China) at about 35°C. Then, the concentrated eXU'act was dried 

under liquid nitrogen gas aud weighed. 
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Figure 7: Preparation of vegetable samples for beta carotene analysis 

Clean-up procedure 

To remove color interference during HPLC analyses, the crude extract was cleaned up with 

open- column silica gel. Briefly, open glass column of 1.2mm diameter was cleaned, rinsed with 

n-hexane and dried. Then, small piece of defatted cotton was put at the bottom to prevent silica 

gel loss. 15g of dried silica was dissolved in n-hexane. Then, the silica was packed into the open­

column with continuous solvent addition to avoid bubble formation and cracking. The dried 

crude extract was reconstituted with small amount of n-hexane and loaded to the column. Then, 

first 5mL of n-hexane was added Into the column gradually. This resulted ill the bwadeI elutiolnn-----­

of orange pigment from the green extract. Then, to narrow the brown beta carotene pigment, a 

4: 1 combination of n-hexane to ethyl acetate was added gradually. The clear yellowish fraction 

was collected and dried under nitrogen. The fraction was kept at -20°C until the HPLC analyses 

(Rodriguez-Amaya, 2001). Then, prior to injection into HPLC the extract was dissolved in cold 

acetone, filtered through a 0.22mm PTFE syringe filter (Millipore) and about 10mL of sample 

extract was placed into sample vials. 

HPLC instrument 

HPLC (Shimadzu- CTO-20AC S. No L20214605018AE 220-240V-SO-600VA, Japan) which 

consists of binary pump, auto sampler, column, and thermostat and chemistation software was 

used. 

Column 

A stainless spherisorb CI8 (4.6 xl50 mm) separating column with 3~m Particle size and column 

temperature of 30°C was used. 
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Mobile phases 

The mobile phases consisted of an isocratic solvent system of acelOnitrile: triethylamine: 

methanol in the ratio of 80:10:10 with the flow rate of O.7mUmin. The mobile phase was 

degassed using an ultra-sonic bath and filtered through O.22mm Millipore tilter paper before use. 

Standardization, quantitication and identification 

Stock standard beta carotene (Sigma Chemical Co. , USA) was prepared by dissolving 

approximately IOmg or beta carotene in !OO mL of n-hexane in a 100mL volumetric flask. This 

solution was stored in polypropylene, autoclavable plastic vials at _20°C. A working standard 

was prepared by dilution of the stock standard solution with n-hexane to 100mL, where after the 

concentration of beta carotene was determined by measuring the absorbance of the diluted 

solution at 450 nm on HPLC. Standardization was done using 5, 10, 20, 40, 50, 80 and 100 ppm 

of beta carotene standard solutions. A calibration plot of peak area against concentration 

(fig/nIL) was prepared for the standard solution. Peak identification for samples was based on the 

retention time and comparison with standards. 

Method validation 

In this study, a simple, emcient and accurate improved HPLC method mainly derived from the 

procedures of Hrut & Scott (1995) with some modification was used for the determinatiun uf 

beta-carotene in the fresh kale and lettuce cultivated through aquapoll.ic and soil-based system. 

Chromatographic method validation was done by checking different pru·ameters such as 

identification, accuracy, recovery, linearity, LOD and LOQ 

Identification 

Identification of beta-carotene from the test sample was done according to retention time on the 

HPLC chromatogram which was obtained after running standard beta-carotene with different 

concentrations (5ppm, IOppm, 20ppm, 40ppm, 50ppm, 80ppm and 100ppm). Accordingly, the 

beta-carotene retention time was 9.0969: precision of the retention time measured by using 

percent relative standard deviation was 0.198%, percent relative standru·d below 2% is acceptable 

(FDA, 2002). 
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Table 1: HPLC based Beta carotene identification 

Standard p-carotene Mean (min) N Standard %RSD 
(5,10,20,40,50,80,and lOO)ppm Deviation 

9.10 8 O.oI 8 0.198 

N- number of repllcalions, RSD- RelatIve StJndald DeVIation 

Well resolved chromatograms were obtained from running the different concentrations of beta­

carotene standards in HPLC (Appendix VI). Besides, there was no mobile phase interfrance 

(Appendix VII). 

Precision 

The repeatability of the analytical method was tested by injecting 7 replicates of 5ppm, [Oppm, 

20ppm, 40ppm, 50ppm, 80ppm and [OOppm of beta-carotene standard under the same analytical 

conditions within the same day. According to FDA standard the acceptable level of percent 

relative standard deviation for precision is ::; 2%. For the peak area % RSD is less than 2%, 

which is acceptable. 

Table 2: Repeated injection of different standard beta-carotene concentrations to check precision 
of the method 

p-carotene concentration 

5ppm lOppm 20ppm 40ppm SOp pm 80ppm 100ppm 

444848 1026147 1821854 3003999 4526516 6852071 7889030 

Peak 444062 1025374 1823599 2999233 4546285 6850527 7882525 

Area 447008 1027291 1824384 2997094 4563495 6855641 · 7890406 

(nm) 448243 1029663 1826946 2995487 4577869 6861285 7876587 

447564 1031168 1827463 2994531 4594261 6867161 7869765 

448746 1035209 1831823 2993971 4610502 6873452 7860232 

448341 1038440 1835939 2993182 4629732 6879870 7862357 

Mean 446973 1030470 1827429 2996785 4578380 6862858 7875843 

SD 1824.27 4862.80 4949.71 3781.43 36200.47 11129.01 12204.40 

%RSD 0.408 0.472 0.271 0.126 0.791 0.162 0.1.55 
.. .. so= Standard DeViatIOn, RSD- Relauve Standard DevuttlOn 
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Limit of detection and limit 01' quantification 

Among concentrations of 0.08, 0.05, 0.025 and 0.0125 ppm of beta carotene standard the 

instrument detected the smallest analyte concentration of 0.0125 ppm (LaD) (Appendix VIII) 

with signal to noise ratio of 8.375 which is greater than 3, thns acceptable. Below this 

concneteration (0.0125ppm) beta carotene peak was not detected (Appendix X). The limit of 

quantification of the instrument was 0.025 with signal to noise ratio 17.6 which is greater than 10 

and acceptable (Table 3). 

Table 3: Limit of detection and Limit of quantification of beta carotene 

Beta- LaD (ppm) Signal to noise ratio LOQ (ppm) Signal to noise 

carotene (SIN) ratio(SIN) 

0.0125 8.38 0.025 17.60 

LOD- Lmut of DeleCI10n LOQ- Luna of QuannficatlOn S/N- Signal to NOIse ratlo 

O.0125ppm 

Linearity 

Coefficient of determination (R 2) is the main criteri~ that FDA uses to check the acceptability of 

linearity of data, which was obtained from y-intercept of the linear regression line for the peak 

area versus concentration plot. As reported in Table 4, the coefficient of determination lied 

between 0.9945-0.9999 indicating the presence of strong relationship between the concentration 

of the analyte and peak area. The cOITelation coefficient was almost equivalent with 0.998, which 

showed a reliable linearity (FDA, 2002). Linearity of the analysis was evaluated by injecting five 

series of beta-carotene standards (5, 10, 20, 50, and 80 ppm) to indicate the presence of direct 

linear relationship between the concentration of the analyte and the peak area on the 

chromatogram with 7 runs (Appendix XI). 

Table 4: Linearity check 

Number of runs (N) Calibration cnrve equation R2 

Beta-carotene 
7 Y-8553IX+126693 0.9981 
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Accuracy and recovery 

According to FDA (2002) mean percent recovery should be within the range of 70-120 to be 

acceptable method. As shown in Table 5, the method llsed was accurate within the desired 

recovery range set by FDA and the percent relative standard deviation were less than 1% (FDA, 

2002). 
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Tobl<', A~~y """ '~"«y of diff,=, w="~tio", ofl".I,=~, ioj""" iom HPLC 

II-carotene Spiking Concentration II-carotene %Recovery 

5ppm lOppm 20ppm 50ppm 80p m 5ppm lOppm 20ppm 50ppm 80ppm 

3.74 1O.S1 19.81 SI.44 78'Y3 74.80 10S.1O 99.05 102.80 98.29 

3.71 1O.S0 19.83 SI.67 78 ~1 74.20 IOS .00 99.1S 103.30 98.26 

3.75 10.52 19.84 51.87 78·F 74.90 105.20 99.20 103.74 98.34 

3.76 10.55 19.87 52.04 78. ' 3 75.10 105.50 99.35 104.08 98.41 

3.75 10.57 19.88 52.23 78.'0 75.00 105.70 99.40 104.46 98.50 

3.77 10.62 19.93 52.42 78.$8 7S.30 106.20 99.65 104.84 98.60 

3.76 10.65 19.98 52.64 78. 5 75.20 106.50 99.90 105.28 98.69 

Mean ± SD 3.74 ± 0.01 10.57 ± 0.06 19.87 ± 0.06 52.04 ± 0.42 78.75 i 0.13 74.92 ± 0.36 105.60 ± 0.57 99.38 ± 0.30 104.00 ± 0.86 98.44 ± 0.16 

%RSD 0.26 0.53 0.29 0.80 o lKJ 0.48 0.54 0.30 0.83 0.16 
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After the method validation, beta-carotene content of the soil-based and aquaponically grown 

lettuce and kale was determined, 

Sample analysis 

HPLC analysis of beta carotene from the sample was carried out by injecting 20llL of the extract 

in to the HPLC column. The column was eluted isocratically with the mobile phase at a flow rate 

of 0.7mUmin. The effluent was monitored with UV detector responses set at a wave length of 

450 nm. DUl'ation of the run time was 15minlsample. The concentration of beta carotene in the 

sample was quantitated in the HPLC using the peak area under the curve with working standard 

solution as reference. All results were expressed as IIg/100g fresh weight of the vegetables 

(lettuce and kalc) and B-carotene concentration of samples was calculated as follows: 

p-carotene II gil OOg FW (Cx ) = A, *C, (~g/mL)*total volume of (mL) 
As' sample weight 

Where, 

Cx= concentration of carotenoid of sample 

AX=---l2,eak area of sal1ll1"lc'-u"'n"'d"'e"-r-'c"w"-".!Oe"-___________________________ _ 

Cs= concentration of standard curve 

As= peak area of the standard 
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Sample Extraction with Open column 

f+ 
Concentrated in a 

f+ f+ extraction with rotary evporator preparation cold acetone petroleum ether at::; 35°C 

I 

'" 
Dried under Open-column .. Dissolution of the 

+ 
Filtration through .. silica gel clean- residue in HPLC 0.22rnrn P1FE liquid nitrogen 

up grade n-hexane membrane filter 

I 

'" 
Injection (20IlL) in to HPLC at 

f+ 450nm with 
Test solution acetonitrile:triethylamine:methanol 

(80:10:10) 

Figure 8: Schematic representation of beta carotene analysis 

3.7.2. Vitamin C content 

The vitamin C content of vegetables was detennined according to AOAC (2016) usmg the 

official method 962.09. 

Standard vitamin C (ascorbic acid (AA) solution) 

About 100mg of AA was weighed out in beaker and dissolved with 5% metaphosphoric acid. 

Then, the solution was making up to 100mL with 5% metaphosphoric acid. Each mL of the 

solution contains I mg AA. To prepare 10,20,30,40 & 50 Ilg, 0.5, I, 1.5,2 & 2.5mL of standard 

solution was taken in test tubes respectively and diluted to 4mL with 5% metaphosphoric acid. 

Control preparation 

From 4m1 AA, ImL of solution was taken and transferred to 50mL volumetric flask and ImL 

saturated Bromine water solution was added and diluted to 50mL with 5% metaphosphoric acid. 

Then, the solution was aerated in a conical flask and O.5g thiourea was added to the solution to 

expel excess bromine. From the clear solntion, O.5mL was taken in test tube and diluted to 4mL 

with 5% metaphsphoric acid. 
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Samplc preparation 

About 5g of vegetable sample was extracted with 100ml of 6% TCA by morlar & pestle for 2-5 

minutes . Then, the suspended solid was removed by centrifuging. In a conical flask containing 

sample solution 1-2 drops of satu.rated Bromine solution was added & aerated. To lOmL aliquot, 

lOmL of 2% thiow'ea was added and from this solution 4ml was pipette into each of3 test tubes. 

Also one test tube was set aside to serve as blank and to each of the remaining tubes ImL of 2,4-

di nitro phenyl hydrazine (DNPH) was added. Then all test tubes were placed in water bath at 

37°C For 3 hr and cooled in an ice bath for approximately 5 minutes. 5mL of 85% H2S04 was 

added slowly while the tubes were in an ice bath in the meantime. ImL of 2% DNPH was added 

to the blank and all tubes were mixed very well. Then, all tubes were let to stand at room 

temperature for 30 minutes. Finally the absorbance of the standards, blank and test samples was 

read at 51511111 using spectrophotometer (THERMO SCIENTIFIC-evolution 220 UV - Vis 

spectrophotometer-US). Vitamin C concentration was calculated as follows: 

Vitamin C (mg/IOOg) = [(As - Ab)J*lO 
[(As'd - Abs td)] 

Where 

As absorbance of sample 

Ab = absorbance of blank 

Astd= absorbance of standard concentration (mL) 

Ab<td= absorbance of blank for standard and 

10 = dilution factor 

3.7.3. Nitrate concentration 

Nitrate concentration in composite dried. growld and homogenized vegetable leaves was 

determined according to the method described by (Lastl"a, 2003) using salicylic acid with some 

modifications. 

Reagcnt preparation 
All reagents were of analytical grade 

a) Salicylic acid solution: In a 100mL volumetric flask, about 5g of salicylic acid was 

weighed and dissolved in concentrated sulfuric acid and diluted with the same acid . Then, 

the solution was stored in an amber bottle at 4°C until analyses was carried out. 
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b) Nitrate- N standard solution: about 500 mg of KN03 was weighed and placed in 500mL 

volumetric flask. Then, dissolved in deionized water and make up with distilled water to 

the final volume of 500 mL. Working standard solutions of 10, 20, 30, 40, 50, 60, 70, SO, 

and I OOmg/L were prepared by diluting the standard solution with deionized water. 

c) 2N Sodium hydroxide solution: 40g of sodium hydroxide pellets was weighed and 

dissolved in deionized water and fill up to 500nlL with deionized water. 

Extraction procedure 
About O.lg of freeze-dried, ground and homogenized powder of lettuce and kale leave samples 

were extracted with IOmL hot deionized water and kept in water bath (YCW -0125, GFL­

Germany) at SO °c for 30 minutes with continuous shaking using water bath with shaker. After 

30 minutes , the solution was removed from the water bath (YCW-0125, GFL- Gernmny) and 

cooled at room temperature and then filtered through whatman No. 40 filter paper. The 

supernatants were decanted and kept for analyses. 

Figure 9: Extracted kale and lettuce samples for nitrate content deternlination 

Determination of calibration curve 

0.1 mL aliquots of working standard solutions (i.e. 1O-100mg/L) KN03waS measured and placed 

in 50 mL plastic screw caped test tubes and mixed with O.4mL salicylic acid. Then, each test 

tube was left aside for 20 minutes until the fOmlation of nitro salicylic acid is completed. After 

20 minutes at room temperature, 9.5 mL of2N NaOH solution was slowly added and mixed well 

to obtain 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, O.S , and 1.0mg/L N03-N solution. Upon the addition of 

2N NaOH solution, yellow color solution was fOmled. Then, the solution was left aside to cool 

down at room temperature and finally absorbance was detemlined at 410 nm using 

spectrophotometer (Uv-Vis, Liantrisant, and Mode1-CF72SYW -UK). 
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Nitrate determination 

0.1 mL of the extracts waspipetteinto 15mL screw caped plastic test tubes, and mixed thoroughly 

with 0.4 mL of 5% (w/v) salicylic acid in concentrated H2S04. After 20 minutes at room 

temperature, 9.5 mL of2N NaOH was added slowly with a micropipette to raise the pH. Samples 

were cooled to roolll temperature and absorbance at 410 nm was determined in a Liantrisant, and 

Model-CF72SYW-UK) spectrophotometer. For extracts from dried and ground vegetables, a 

blank of 0.1 mL H20 and the nomlal reagents were also prepared. Nitrate concentrations were 

expressed as flg N03 per g dry weight (ppm) and nitrate concentration in vegetables was 

caJculatedas foLlows: 

Cx =C*V 
W 

Where, 

C = the concentration of sample as derived from the standard curve (ppm) 

V = the final volume of sample after filtration (ml) and 

W = sample weight (g) 

Statistical data analysis for compositional analyses 

Statistical analysis was perfolllled using SPSS® (version 23). Student's t-test was carried out to 

determine level of significance between means. AU analyses were conducted in triplicate and 

results were expressed as mean ± standard enor. 

3.8. Sensory evalnation of lettuce sample from Shewa Robit and AA U sites 

3,8.1. Lettuce harvesting from Shewa Robit and AA U site 

The vegetables from both sites as well as from field and aquaponic systems were harvested 

between 7 AM and SAM in the morning for consistency by hand when they reached maturity 

stage. lllen, lettuce samples were placed in a clean plastic bag then in ice box and immediately 

transported to the Shewa Robit Higher Education Preparatory and General Secondary School and 

Center for Food Science and Nutrition laboratory of AAU respectively, where sensory evaluation 

was done using score sheets. 

3.8.2. Lettuce sample preparation and sensory evaluation 

Freshly harvested lettuce samples were cleaned with tap water to remove dust particles and 

immersed in diluted lemon juice for a few minutes to avoid microbial contamination. Then, the 
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lettuce samples were washed and rinsed with tap water again to washout the lemon juice to 

avoidits masking effect on taste. Prior to the experiment, bite-sized samples, about 15g was 

placed on identical clear plastic plates coded with three random numbers representing the 

sources of vegetable samples. Finally, samples were served for sensory evaluation at room 

temperature. 

Figure 10: Lettuce sample preparation for sensory evaluation 

3.8.3. Orientation about sensory evaluation 

The sensory evaluation study was designed to determine preference and overall acceptability of 

aquaponically grown vegetables as compared with field-grown vegetables on the basis of visual 

appearance, color, taste, texture and overall acceptability . Difference test, preference test, and 

rating acceptance test methods were applied. Before each test session, participants were given 

orientation about the aquaponics technology and overall sensory evaluation procedure as shown 

in Figure 11 . 

First participants were provided with two samples on plastic plates (one aquaponically grown 

lettuce and the other soil-grown lettuce) and they were asked to taste and evaluate the difference 

between the two samples on the basis of visual appearance, color, taste, texture and overall 

acceptability. Preference tests were conducted after the difference test was completed. 

Participants were given two coded samples (one aquaponically grown lettuce and the other soil­

grown lettuce) and were asked to mark the sample they preferred. Rating acceptance test was 

conducted using a 9-point hedonic scale rated from (I =dislike extremely, 2 = dislike very much, 

3= dislike slightly 4 = dislike moderately, 5= neither like nor dislike, 6 = slightly like, 7= like 

moderately, 8 = like very much and 9= Like extremely). Finally, the participants rated the 
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samples by putting number scores under the degree of their satisfaction for each sensory 

attributes (Appendix ill and IV). 

Figure 11 : Orientation about sensory evaluation procedure 

3.8.4. Kale sample preparation for sensory evaluation at AAU site 

Freshly cut composite samples of kale were collected from field and aquaponic systems from 

AAU site and brought to laboratory in clean plastic bag in ice box for sensory evaluation. Then, 

the fresh harvests were cleaned with tap water to remove dust particles. Then, the kale leaves 

were sliced to sma1ler pleces with a kitchen knife, innnelsed ill I b=uf boiting wa~ at=96°G, 

cooked for 70 minutes and drained using a sieve. The drained samples were immediately cooled 

at room temperature and finally served to participants for sensory evaluation (Figure 12). 

Figure 12: Kale sample preparation for sensory evaluation at AAU site 
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3.8.5. Procedure for sensory evaluation of kale harvested from AAU site 

The sensory evaluation study was designed to determine preference and overall acceptability of 

aquaponically !,'Town vegetables over field-grown ones. Difference test, preference test, and 

rating acceptance tests using 5 sensory attributes were used to evaluate the lettuce samples. 

First participants were provided with two samples on plastic plates (one aquaponica\ly grown 

kale and the other soil-grown kale) and were asked to taste and evaluate the difference between 

aquaponic and soil-grown kale samples on the basis of visual appearance, color, taste, texture 

and overall acceptability (Appendix Ill) . Preference tests were conducted after the difference test 

was completed. Participants were given two coded samples (one aquaponically grown kale and 

the other soil-grown kale) and were asked to mark the sample they preferred (Appendix IV). 

Rating acceptance test was conducted using a 9-point hedonic scale rated from ( I =dislike 

extremely, 2 = dislike very much, 3= dislike slightly 4 = dislike moderately, 5= neither like nor 

dislike, 6 = slightly like, 7= like moderately, 8 = like very much and 9= Like extremely). The 

pmticipants rated ti,e samples by putting number scores under the degree of their satisfaction for 

each sensory attributes. 

3.8.6. Participant selection 

First, we recieved the approval letter from the ethical committee (CNS-lliR) of co llege of 

Natural & Computational Sciences Institutional Review Board after the submission of proposal 

and fulfilling all the criteria required. Participmlts were untrained panelists and were member of 

the community at Shewa Robit town; 19 male and 3 female aged from 26-42. Similarly, the 

pmticipmIts from AAU site included 10 female mId 23 male members, ages 22 to 38 with a mean 

age of 30 yem's who were graduate students at AAU. Panelists were selected according to the 

following criteria: people without food allergies specifically for vegetables (i.e. lettuce and 

kale), non-smokers, people who consume vegetable products at least once a week, people 

available for all sensory tests, people interested in participating, and people able to express their 

feeling verbally regarding the product (Zhao el aI., 2007). 
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3.9.Microbiological test 

Microbial analysis of water (rom fi sh tank and vegetables was performed by using the membrane 

filtration technique (MF) according to the International Standards Organization (ISO) protocols, 

for the detection of total coliforms (TC), (ISO 9308- 1:2000, 2000); and fecal coliform (EC), 

(ISO 9308- 1:2000; 2000). 

Sample preparation 

Six samples (i ncluding three vegetable samples and three water samples from the aquaponic 

system) were col lected from both sites (i.e. Shewa robit and Addis Ababa University aquaponic 

facilities). Briefly, water and vegetable samples were collected aseptically following standard 

procedures. Water samples from fish tanks were collected by submerging the pre-sterilized glass 

container into the fish tank and immediately recapping the glass container. For vegetable 

samples, composite and representative freshly harvested lettuce and kale leaves from aquaponic 

system were placed into glass containers that contain a saline solution. Within 12 hours after 

coll ection, samples were immediately submi tted to an accredited private testing laboratory (Bless 

Agri Food Laboratory Selvice) fo r analyses. 

Analysis for total coliform and fecal coliform 

Total coliform and fecal coliform bacteria were analyzed from system water and vegetables 

grown in aqnaponic system. The membrane fi ltration (MF) method ISO 9308-1 :2000, 2000 with 

LES-ENDO and mFC agar was taken as the reference method for total colifonn and fecal 

coliform detection respectively. 

Filtration and incubation of samples 

For MF (Membrane Filtration) technique, a-lOOmL water sanlple was filtered through 

hydrophilic mixed nitrocellulose esters membranes of 0.45-~m pore size and 47mm of diameter 

for all organisms. The filter was then placed on the $elective medium which is incubated at 37°C 

and at 44°C for 24 ± 2 hr for coliform and E. coU respectively, with subsequent further 

biochemical characterization of the typical lactose-positive colonies, leading to the detection and 

enumeration of coli form bacteria and E.coU within 2 to 3 days. 
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Evaluation and confirmation, standard tcst 

The characteristic colonies on the membrane are counted as lactose-positive bacteria. For 

colifonll bacteria and E.coli. subculture was carried out of randomly selected characteristic 

colonies for confirmatory tests: oxidase and indole production. The number of lactose-positive 

colifonns bacteria and E.eo!i likely to be present in 100mL of the sample are counted.The 

oxidase-negative and lactose positive colonies described by the MF method were counted as total 

coli forms and the indole- positive at 44°C for 24 ± 2 h gas from lactose-forming coliform 

colonies were confirmed as E.coli. The numbers of bacterial colonies were calculated using the 

following formula. 

Cs = Z* Vs 
VIol 

Where 

Cs = the estimated number of cfu in the reference volume (Vs) ; 

z = the sum of colonies counted on plates or on membranes derived from dilutions d l , d2 ... d; 

____ ot-deIDledJl:Offi-Sepa~ate...v_O].wnes__Of-tht4est-pG\tiel1_{-&alllJ3le-61cdilu~ien~!-; ---------------

V,= the reference volume chosen to express the concentration of the micro-organisms in the 

sample; 

V",,= the calculated total volume of original sample included in the plates enumerated. 

Vtor either the sum of the separate volumes of the test portion (sample or dilution) or calculated 

by equation (2): 

Where 

Vtot is the calculated total volume of original sample included in the plates enumerated; 

N;, n2 ... n;, is the number of plates counted for dilution d l , d2 ... d;; 

VI, v, ... v;, is the test voltmle used with dilution d l , d2 .. . d;; 

d l , dl ... d;, is the dilution used for test volume VI, V2 .... v; (d= 1 for undiluted sample, d = 0.1 for 
a ten-fold dilution 
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3.10. Frame work of the research experiments 

Hydroponic grow beds 

Seeds of kale and lettuce 
Were sown on: 

After 36 planting days, roots of seedlings 
were washed and transplanted to 

aquaponic system (NFT) 

Open fie ld (soil) 

Sample collection 
After 65 days, c.omposite kale and lettuce 

. ed~s~~~.e~F~e~-------------------------------

harvested and transported to Center for 
Food Science and Nutrition laboratory of 

AAU 

/ 

"" 
,.. ... j,- ... j,-

Microbial test Beta-carotene 
Sensory test 

eva luation , It-
Washed, freeze dried 

homogenized and kept for: 

.n 
........ ,.. 1 r ,n. c ,JJ.. , 
Proximate Vitami n C test Mineral Nitrate test 

analysis 
analysis 

Figure 13: Experimental frame of the whole study 
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CHAPTER FOUR 

4. RESULTS AND DISCUSSION 

Comparing biochemical composition of aquaponic produces reported in different studies might 

not be accurate. This is because of many confounding factors such as seed variety, environmental 

conditions, aquaponic facility etc. Hence, in this document results are compared with range 

values of previous studies as a contribution to the research pool. The detailed results are reported 

and discussed as follows. 

4.1. Proximate composition of lettuce and kale at AA U site 

The results of proximate composition of aquaponically and soil-grown lettuce (L. sativa L.) and 

kale (Brassica carinata) harvested from Addis Ababa University site are presented in Table 6. 

Table 6: Proximate composition oflettuce and kale cultivated through soil-based and aquaponic 
system at Addis Ababa University site 

Lettuce 

Nutrient (gil OOg) Soil-based lettuce Aquaponic lettuce 

Moisture 5.20 ± 0.20 4.70 + 0.10 
ClUde protein 14.65 ± 0.00 16.23 ± 0.00 
ClUde fat 9.75 ± 0.05 9.95 ± 0.15 
ClUde ash 14.00 ± 1.60 21.80 ± 0.60' 

Crude tiber 18.38 ± 0.18 26.78 ± 1.75' 

Utilizable carbohydrate 68.20± 0.05 47.32 ± 0.85" 

Gross energy (kcalll OOg) 419.15 ± 0.25 343.75 ± 2.05" 

Kale 

Nutrient (g/ I OOg) Soil-based kale Aquaponic kale 
Moisture 7.30 ± 0.10 5.60 ± 0.20' 

Crude protein 9.23 ± 0.00 12.60 ± 0.00 
ClUde fat 3.25 ± 0.25 5.75 ± 0.25' 

Crude ash 9.55 ± 0.05 4.20 ± 0.20" 
ClUde fiber 21.44 ± 0.79 27.22 ± 0.27' 
Utilizable carbohydrate 70.67 ± 0.10 73.85 ± 0.65' 
Gross energy (kcalllOOg) 348.85 ± 1.85 397.55 ± 0.35" 

All values are expressed as mean ± SE. (0-3) on dry basis. 'indicates significant difference between mean values 
across the same row using student's t-tcst· p<O.05; · ·p<O,OL 

Through conventional soil-based system, soil provides all the necessary nntrients required for 

normal plaut growth. However, in soilless systems like aquaponics plants obtain their nutrient 
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from fish waste. Studies on chemical concentrations' of fish effluents showed that certain elements 

were de:ficient in aquaponic system which in tum could result in difference in plant biochemical 

composition. Based on this anticipated variation in nutrients, in this study the proximate 

composition of vegetables grown on aquaponic system was compared with the soil-based harvests. 

Accordingly, there was no significant difference (p<0.05) in crude protein and crude fat contents 

between aquaponically and soil-grown lettuce. Meanwhile, there was a significant difference in 

carbohydrate and caloric value (p<O.OI), crude ash and crude fiber content (p<0.05) between 

vegetables cultivated in the two systems (Table 6). Accordingly, aquaponically grown lettuce 

had higher ash content as compared to soil-grown lettuce. This value was relatively higher than 

the value reported by Gladys and Aba (20 IS). Ash content is generally a measure of the mineral 

content of food samples (Onwuka, 2005). Thus, higher ash content from aquaponically grown 

lettuce might indicate the presence/abundance of important minerals. Higher protein content was 

obtained in aquaponically grown lettuce. However, statistically there was no significant 

difference. In fact; this value was even higher than previous repOlt by Ranawade el al. (2017) . 

Lettuce is a good source of dietary fiber (Dahl and Stewart, 2015). In this study, the crude fiber 

content of aquaponically grown lenuce was higher than soil- rown harvests. Thi d' 

could be due to variation in environment in which the produce cultivated. In an animal study, the 

inclusion of red oak lear lettuce in the diet lowered cholesterol (Nicolle et aI., 2004). Thus, 

growing lettuce aquaponically might benefit consurners with improved nutrients such as fiber. 

The soil grown lettuce had higher carbohydrate and gross energy contents than the aquaponic 

lettuce (Table 6). Kale is one of the green leafy vegetables that belong to the Bntssicaceae or 

Crucifereae family. It is a species of plant that includes many common foods like cabbage, 

broccoli, cauliflower kale, Brussels sprouts, collard greens, Savoy, kohlrabi and Chinese kale 

(Agarwal el aI., 2017). It is easy to cultivate and can grow in colder temperatures. The proximate 

composition of kale (Brassica carinata) cultivated through soil-based and aquaponic system is 

shown in Table 6. 

As reported in Table 6, the aquaponic kale had significantly higher contents of crude fat, clUde 

fiber, carbohydrate and caloric value (p<0.05) than the soil-based harvest. The average fat 

content obtained in this study was higher than those reported by Afrin et al. (2018) and Gladys 

and Aba (2015) 011 similar harvests. Similarly, the carbohydrate content of both aquaponic and 

soil-based kale in this study was higher than the contents in other vegetables such as lettuce. 
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Kale is an excellent source of fiber, which is an important nutrient to reduce diet related diseases 

(Emebu et al., 2011). In this study, the highest fiber content was obtained from aquaponicaLJy 

grown kale. In conu'ast, the crude ash content was significantly lower in tlle aquapon.ic kale 

(p<O.Ol) . However, the ash content of the aqnaponic kale in this smdy was higher than the value 

in other vegetables such as spinach (Spinacia oleraceae) l.lg/ l00g, lettuce (L. sa/iva) 0.8g/l00g 

and cauliflower (Brassica oleraceae) 0.6g/100g (Hanif et al., 2006). Nwnerically, me aquaponic 

kale had higher crude protein content than the soil-based harvest. In fact this value was higher 

than the report by Ranawade ef al. (2017) for hydroponic and aquaponically grown spinach (2.9 

and 2.7) gllOOg respectively. AfJin el al. (2018) also reported a lower protein content of 1.89 and 

2.29% for aquaponic cauliflower than the value in the present study. The higher protein content 

might be linked with nitrogen accumulation in the form of NH3 in the system (Acikgoz, 2011). 

This accumulation of nitrogen in the young leaves will be converted to niu'ogenous biomolecnles 

like prote.in. The accumulation of N-nitrate could be a good indicator of me efficiency of the 

aquaponic system. 

4.2. Mineral composition of aquaponically and soil-grown lettuce and kale 

Macro minerals 

Vegetables are the major sources of vitamins A and C, minerals, dietary fiber and 

polyphenolsltlavonoids. They also add flavor to diets (Asfaw, 1997). Aquaponics provides an 

opportunity for growing and consuming fresh frnits and vegetables cultivated closer to horne (i.e. 

implying imp0l1ant role in inmproving diet diversity). But it is challenging to compare me 

nutritional content of aquaponically grown vegetables with soil-grow ones because of the 

fundamental differences between the two different methods (Murphy et aI., 2011). Soil is usually 

the most available growing medium for plants, proving essential nuuients for proper growth. In 

contrast, in aquaponic system, plants obtain nutrienis from e[fluents of tish which is deficient in 

certain nuuients (Munguia-Frago et aI., 2015). Hence, it is important to know if this variation 

influenced the mineral composition of the harvests. Therefore, in this study mineral contents of 

aquaponic and soil- grown lettuce were compared. The aquaponicaUy grown lettuce had a 

significantly higher composition of all macro minerals except potassium and sulfur (p<O.OOJ ) 

(Table 7). The calcium concenu'ation was higher than tlle values reported by Pantanella et (I/. 

(2010) . One of the critical elements in aquaponics is potassium, which is all important 
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component in fruiting and ripening (Pantanella, 201 2). In this study, potassium concentration 

was lower in the aquaponic lettuce. However, this value is higher than the reports by Saha et at. 

(2016) (1.71%). In contrast, the sodium concentration was higher in the aquaponic lettuce in the 

present study. According to Vicente et al. (2009) vegetables are low in sodium and high in 

potassium content which agrees with the reports in this study for aquaponic lettuce. Potassium is 

not needed by the fish and it was not added to the fish feed in the aquaponic system. Hence, it is 

reported that aquaponic systems that rely solely on fish waste to supply nutrients for the plants 

have low levels of K, P, Fe, Mn, and sulfur (Roosta and Hamidpour 2011). However, the reverse 

is true for reports in this study. Minerals are basically classified as macro and micros based on 

the relative requirement of each mineral by human beings. The macro mineral composition of 

aquaponic and soil-based kale at AAU site is given in Table 7. 

As reported in Table 7, the concentrations of major minerals including calcium, magnesium, 

sodium, potassium, phosphoms and sulfur were significantly higher in aquaponic kale than soil ­

based harvests (p<O.OOl). As per previous reports, concentrations of nutrients in aquaponics are 

usually lower than other growing methods like hydroponic system. Howver, the higher 

concentration of macro-minerals in the aquaponically grown kale in this study can be due to the 

varrriation in nutritional requirements of aquaponic plants with day length, variety, and weatller 

c.onditions. Besides, variation in pH, solubility, plant absorption amI mineralization of the fish 

food can also influence the biochemical content in aquaponic crops (Pineda-Pineda et al.,-20-1-7-)._ 

Moreover, appropriate fish stocking rate and fish feed composition have direct influence on the 

biochemical composition of aquaponic crops and fish as well. A study carried out by Pineda­

Pineda et at. (2017) indicated that with different fish stocking density there was a differentiation_ 

in the conceptration of nutrients in plant tissues. TIms, in this study high macro mineral content 

in aquaponic kale might suggest that there was sufficient amount of NH: inthe aquaponic 

solution and easily absorbed by the pi an t.Therefore, with controlled system aquaponics can 

provide vegetables with high major mineral compositions. 
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Table 7: Macro-mineral content of lettuce and kale cultivated through soil-based and aquaponic 
system at Addis Ababa University site 

Lettuce 

Minerals (mg kg· l
) Soil-based lettuce Aquaponic lettuce 

Calcium 18033.50 ± 41.5 + ".,. .. 24547.54 _ 153.02 
Magnesium 2744.64 ± 7.43 4590.47 ± 29.31'" 
Sodium 427.32 ± 1.39 774.22 ± 5.42"" 
Potassium 74507.93 ± 454.42 62338.59 ± 188.39'" 
Phosphorus 5589.27 ± 38.82 7324.73 ± 21.44'" 
Sulfur 4054.38 ± 7.26 3286.79 ± 16.19· .. • 

Kale 

Minerals (mg kg· l
) Soil-based Kale Aquaponic Kale 

Calcium 18675.45 ± 26.43 36094.18 ± 58.31 '" 
Magnesium 1691.59 ± 8.16 3441.78 ± 23.48'" 
Sodium 132.83 ± 0.27 463.34 ± 1.86'" 
Potassium 33347.21 ± 71.66 41482.24 ± 228.46'" 
Phosphorus 3977.55 ± 22.06 4679.69 ± 18.83 '" 
Sulfur 9015.84 + 39.86 10600.72 + 61.70'" 

All values are expressed as mean ± SE. (n- 3) on dry basis. *indicates significant difference between mean values 
across the same row using sn ldenfs HOS(; "dlp<O.OOl. 

Micro minerals 

The mean concentrations of essential micro miuerals in the soil-based and aquaponic lettuce and 

kale from Addis Ababa University site are summatized .in Table 8. 
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Table 8: Micro mineral contents of lettuce and kale cultivated tllrough soil-based and aquaponic 
system at Addis Ababa University site 

Micro-minerals (mg C 1
) 

Iron 
Zinc 

Boron 

Copper 

Manganese 

Soil- based letUlce 

1709.09 ± 4.25 
81.44 ± 1.58 

21.68 ± 0.38 

62.54 ± 1.31 

36.09 ± 0.26 

Lettuce 

Kale 

Aquaponic lettuce 

2165.66 ± 2.78'" 
63.85 ± 1.21 " 

30.56 ± 0.47 ' 

130.85 ± 2.26'" 

76.35 ± 1.20'"'' 

Micro-minerals (mg L-') Soil- based· Kale Aquaponic Kale 
Iron 503.l9±1.01 177.18±1.92'" 
Zinc 40.35 ± 0.08 62.78 ± 0.27'" 
Boron 22.49 ± 0.49 20.06 ± 0.31 ' 
Copper 5.30 ± 0.11 8.64 ± 0.31" 
Manganese 32.46 + 0.78 76.48 + 1.08'" 

All values are expressed as mean ± SE (11=3) on dry basis. 'indicates significant difference between mean va lues 
across the same row using student's t-test; "p<O.05; U p<0.01 ; .... p<O.OOI. 

As reported in Table 8, aquaponically-grown lettuce had significantly higher concentration of 

iron, copper, manganese (p<O.OOI) and boron (p<0.05). In contrast, soil-based lettuce had 

increased zinc content ilian the aquaponic harvest (p<O.Ol). The iron content in iliis study was 

higher than the range value reported by Pineda-Pineda et al. (2017) on aquaponic lettuce grown 

with 10 kg m-3 fish density. Among the essential elements required for plant growth, iron plays a 

major role in respiratory and photosynthetic reactions. Thus, iron deficiency reduces chlorophyll 

production and characterized by intervienal chlorosis in yOWlg leaves (McCauley et aI., 2009). 

Similarly, boron concentration in aquaponically-grown lettuce was higher than ilie value in ilie 

soil-based harvest. Pineda-Pineda el at. (2015) also reported a similar trend. Boron is an essential 

micronutrient which is required for successful plant growili. Plants suffering from boron 

deficiency exhibit chlorotic in young leaves and death of the main growing point (terminal bud) . 

Also manganese concentration was significantly higher in the aquaponically-grown letUlce 

compared to the soil-based harvest. These results agreed with Pineda-Pineda et al. (2015) who 

found n .3mg/kg of manganese in lettuce leaves cultivated in an aquaponic systeni which was 

stocked with a fish density of 20kg m-3 
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Copper, a redox active metal, plays an important role in the oxidative defense system. In fact, 

oxidative stress is one of the characteristics of copper deficiency (Vicente et ai. , 2009). Hence, 

the higher copper concenteration in the aquaponic lettuce might help in preventing the plant from 

possible oxidative stress. In contrast, the zinc content in the aquaponic lettuce was significantly 

lower than the soi l-based harvest. Trace minerals like iron, copper, zinc and manganese are 

considered as essential elements for normal life processes (Fraga et ai. , 2005). In most 

developing conn tries micronutrient deficiencies are still standing problems. One of the major 

factors reiated with these deficiencies is low diet diversity score. Thus, new food production 

systems like aquaponics with proper management wi1\ increase the diet diversity in nlral and arid 

areas where production of fish , fruits and vegetables are low. Yet, the essential mineral 

concentrations need to be evaluated from aquaponic harvests. In this study, the trace minerals 

concentration was compared between aquaponic and soil-based kale. 

As reported in Table 8, the concentrations of zinc ' (p<0.001), copper (p<0.01) and manganese 

(p<O.OOl) in the aquaponic kale were significantly higher than the values in soil grown kale. The 

zinc concentration in the aquaponic kale in this study waslowerthan the value reported by 

___ _po jne'da=Piire'dn-enrl:\2(,)t·T):-M=IItIe.r~ues were nlgnerthaif1lie report byBaJOCJj""'e""a".-----­

(2015) (1.86 to 17.88) gllOOg for cau liflower. But the iron (p<O.OOI) and boron (p<0.05) 

concentrations were significantly lower in the aquaponic kale. This might be due to the 

variability of culrivars and availability of iron and other nutrients like bOl'On in the aquaponic 

system. Similarly, the higher NH/ concentration in the aquaponic solution due to high fish 

density might have an effect on absorption of nutrients. Compared to other studies, lower fish 

density (800g/cm3
) was used in this study. According to Pineda-Pineda et al. (2017) iron and 

boron contents in aquaponic vegetables were decreased with a fish density of 15-20 kg m·3 

Iron plays a major role in plant growth, pLant respiratory and photosynthetic reactions. Iron 

deficiency reduces chlorophyll production and is characterized by intervienal chlorosis with a 

sharp distinction between veins and chlorotic areas in young leaves (McCauley et ai., 2009). In 

this study, iron deficiency was observed in kale leaves which grew through aquaponic system. 

This was proved by the appearance of interveinal chlorosis on young kale leaves. Similalry, 

boron is an essential micronutrient required for plant growth, in which the deficiency exhibit 
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chlorotic young leaves. Boron concentrati on was lower in the aquaponic kale compared with soil 

!,'fown kale. 

4.3. Harmful metal concentration in lettuce and kale sample from AA U site 

Soil and envirolllnental pollution are a major concem in agricultW"al practices and has been 

accepted as a global problem because of adverse effect on human health , plants and animals 

(Abas et ai., 2010). Similarly in aquaponics system, the used water from fish tank as nutrient 

source for plants may cause toxicity if the source is contaminated. Thus, in this study, the 

harmful metal concentration in aquaponically grown letmce was compared with the soil-grown 

harvest.Harmful metal toxicity has received special attention globally due to neurotoxin, 

carcinogenic and several other impacts arising from their consumption even at lower 

concentration (Abas et aI. , 2010) . 

The mean concentrations of harmful metals found in the soil-based and aquaponicalJy grown 

lettuce from Addis Ababa University site are summarized in Table 9. 

In recent years, reports indicated the contamination of leafy vegetables with harmful metals as a 

result of environmental pollution Anthropuge.nil:....activities,....sJ.1Ch....as mba" life indllstG--"anud"-_____ ~ 

agricultW"e increase the lead, chromium, cadmium, and nickel concentration in soils and water. 

Thus, the pollution led to accumulation of harmful metals in vegetables (Naser et aI., 2009). One 

of the literally assumed advantages of aguaponies is the reduced levels of hatmful metals in the 

harvests . With this regard, the concentration of hanllful metal s in aquaponic and soil -grown kale 

was evaluated in this study. 
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Table 9: Harmful metal concentration in lettuce and kale cultivated through soil-basecLand 
aquaponic system at Addis Ababa University site 

Lettuce 

Harmful metals (mg Soil-based Aquaponic Recom. Max. L. for vegetables 

L· I
) lettuce lettuce (mg kg .1) FAO/WHO 

Chromium 3.03 ± 0.69 2.58 ± 0.62 2.30 
Cadmium 0.09 ± 0.00 0. 18 ± 0.01" 0.20 

Lead 0.36 ± 0.11 0.08 ± 0.15 0.30 

Nickel 1.66 ± 0.38 0.26 ± 0.04' 

Mercury 0.13 ± om 0.09 ± 0.00 0.03 ~lgg-l 

Arsenic 0.67 ± 0.21 1.59 ± 0.37 0.43 

Kale 

Chromium 3.54 ± 0.59 1.96 ± 0.23 

Cadmium 0.18 ± om 0.18 ± 0.01 

Lead 1.48 ± 0.11 1.79 ± 0.39 
Nickel 0.84 ± 0.02 0.74 ± 0.05 
Mercury 0.53 ± 0.07 0.81± 0.10 
Arsenic 0.19 ± 0.17 1.21 ± 0.28' 
All values are pressed as mean + SE (tE.3J-nn.J1q..basjs~ndicales....s i-snificant.-diffeIence-between-mcan-values-aeFes 
the same row using student 's Hest; ·'p<O.05: . .. p<O.Ol. 

There is a rising concern on toxic metal contamination of vegetables grown on soil-based 

system. This is due to the contamination of rivers, lakes and other water bodies with industrial 

e(i]uents. Thus, it is out of necessity in this study that the concentrations of toxic metals in soil ­

based and aquaponic harvests were compared. Accordingly, the concentrations of cadmium and 

nickel were significantly higher and lower in the aquaponic lettuce than in soil-based harvest at 

p<O.O I and p<0.05 respectively. The concentrations of cadmium were lower than the levels 

reported by Itanna (2002) from soil-based lettuce collected in Addis Ababa. Among tbe listed 

harmful metals, cadmium is of particular concern because the high mobility in the plant-soil 

sys tem. Emiss ion of cadmium into the environment can result from incineration of metal scrap, 

use of phosphate fertili zers, meta l. plating activities and abrasion from automobile tyres and so 

011. It is well known that vegetables absorb these n:tetals from the soil and atmosphere through 

dusts deposited on their surfaces (Rahlenbeck el al., 1999). The higher cadmium level in the 

aquponic harvests might be due tbe proximity of the cultivation areas to the main traffic road (i.e 
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atmospheric pollution). There is a positive relationship between atmospheric metal deposition 

and higher concentrations of harmful metals in plants (Baiel aI., 2011). Tn contrast, nickel 

concentration was lower in the aquaponic lettuce significantly. In fact, the nickel concentration 

in both soil-based and aquaponic lettuce was lower than the results obtained by ltanna (2002) 

(i.e. 1.S6 mg kg" in lettuce harvested from Kera, Addis Ababa). Nickel has potential toxicity to 

both plants and animals. Nickel phytotoxicity results in chlorosis, weak plant growth, yield 

depression and reduced nutrient uptake and disorders in plant metabolism (Poulik, 1999). From 

the present study, one can hypothesize the possibility of reducing some harmfill metals 

contamination through aquaponic system, as the system is wen protected in a green house. With 

this regard, numerically in the aquaponic lettuce the levels of chromium, lead and mercury were 

lower than the values in soil-based harvest. The lower concentrations of mercury in 

aquaponically grown lettuce might also be linked with the exclusion of herbicides/pesticides 

from the aquaponic system. As reported in Table 9, numerically the concentration of chromium 

and nickel were lower in aquaponic kale. In fact, the clu'ornium concentration in the soil-grown 

kale exceeded the FAO/ WHO maximum limit of 2.3 mg L-'for leafy vegetables (Itanna, 2002). 

But lead. mercury and arsenic concentration were higher (Table 9). In fact, the lead 

concen tration in both harvests exceeded the FAO/ WHO maximum limit of 0.3 mg L-1for leafy 

vegetables (Itanna, 2002). This might be attributed from factors including gas emissions from 

vehicles (Baneljee et ai., 2010). The toxicity of mercury is more severe than the other metals, 

causing serious loss of vision. hearing and mental retardation and death (Abbas et aI. , 20lU). Tn 

this study the aquaponic kale had an increased mercury level by 0.28ppm than the soil grown 

kale. But the mercury concentration in both harvests is within the standard limit set by 

FAa/WHO. Similarly, arsenic concentration in the aquaponic kale was significantly higher 

(p<0.05). There was no significant change in cadrniwn concentration between the two harvests. 

Cadmium concentration in kale ill this study was lower than the value reported by Rahlenbeck et 

al. (1999) from kale leaves collected from Addis Ababa city. 

4.4. Beta carotene contcnt 

Beta-carotene belongs to a group of more than 600 compounds, together called . carotenoids 

(Bogacz-Radomska and Harasym, 201S). It is general ly regarded as the most important and 

widely used carotenoid. B-carotene is a secondary metabolite synthesized by plants and belongs 
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to compound group of carotenoids (Bogacz-Radomska and Harasym, 2018). It is used as a food 

coloring agent, an antioxidant, and an important and pro-vitamin A source (Schierle et aI., 2004). 

Moreover, carotenoids also protect the cells by directly quenching the excess energy of excited 

chlorophyll or quenching the highly reactive singlet oxygen as antioxidants (Mou, 2009). As it 

has a major role in photosynthesis, it is important to evaluate the effect of different production 

systems on bela carotene concentration of the harvests. Accordingly, in this study the beta 

carotene concentration in kale and lettuce cultivated through aquaponics and soil-based system 

was compared. As repOlted in Table 10, soil-based lettuce had significantly higher beta-carotene 

concentration than aquponic lettuce (p<O.OOI). This might be atttibuted from the less exposure of 

aquaponic plants to sunlight and temperature which had siguificant influence on carotenogenesis. 

The two processes in photosynthetic tissues are biosynthesis and photo degradation . These 

processes are affected by environmental factors , particularly exposure to temperature and 

sun light (Kimura and Rodriguez-Amaya, 2003). As light regulates many developmental and 

morphogenetic processes in plants, tlle variation may be due to the light conditions used in the 

aquaponic cultivation of vegetables. The aquaponic farm was covered by polyethylene roof 

during the experiment period. In addition to this variation in cultivation methods is considered to 

be a factor for differentiation in beta-carotene concentrations of harvests . Plants cultivated ill an 

open field have the access to absorb sufficient amount of light energy from the SU II in urder lu 

make their own food through the process of photosynthesis. 

Table 10: ~-carotene content of lettuce and kale cultivated through soil-based and aquaponic 
system at Addis Ababa University site 

Lettuce 

Soil-based lettuce Aquaponic lettuce 

~-carotene (~gll OOg) 958.88 ± 1.23 758.78 ± 0.29'" 

Kale 

1009.11±1.35 796.66±0.66"· 

All va1ues are expressed as mean ± SE. n-3, on fresh wet basis. *indicates significant difference between mean 
values across the same row using student's t-test:·"p<O.OOl. 
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As repOlted in table 10, the soil-based kale at AAU site had a significantly higher amount of 

beta-carotene than the aquaponic harvest (p<O.OO I ). This might be due to less exposme of 

aquaponics system to sunlight and temperatme which had significant decreasing influence on 

carotenogenesis (Kimura and Rodriguez-Amaya, 2003). The aquaponic system in this smdy was 

covered by polyethylene roof. This controls the amount of sunlight and temperatme to which the 

vegetables are exposed. Similarly, in this study lower beta-carotene concentmtion was found in 

aquaponic lettuce. 

4.5. Vitamin C content 

Vitamin C (ascorbic acid) is a water-soluble vitamin and is found in variable quantities in fruits , 

vegetables and organ meats (e.g. liver and kidney) (Padayatty et aI., 2003). It is a reducing agent 

and synthesized from glucose in the liver of most mammalian species, but not humans. One of 

the important propelties of vitamin C is its antioxidant activity. Antioxidant activity of vitanlin C 

helps to prevent celtain diseases such as cancer, cardiovascular diseases, common cold, age­

related muscular degeneration and cataract (Devaki and Raveendran, 2017). It also enhances the 

bioavailabiJi ty of iron in the diet during absorption. In this study, vitamin C concentration in kale 

and letmce harvested through different production systems was evaluated. Accordingly, the soil­

based lettuce had significantly higher vitamin C concentration than the aquaponic harvest 

(p<0.001) (Table Il). Mou (2012) discussed that ascorbic acid content of letmce leaves 

increased under strong light conditions and decreased under weak light or shaded conditions. The 

lower vitanlin C concentration in the aquaponic lettuce might then be related with the lower light 

intensity in the system (shaded by polyethylene plastic). Kale is also rich in vitamins particularly 

in vitamin C (17.7 mg kg- I) and rated as the second highest among 22 vegetables tested (Dias, 

2012). As reported in Table 6,the vitamin C concentration in aquaponic kale was significantly 

lower than the anlOllnt in soil grown kale (p<O.OOl). In fact, the vitam.in C content in the 

aquaponic kale in this study was lower also from previous similar harvests (Agarwal et aI., 

201 7). Meanwhile. the Vitamin C content of the soil-grown kale was higher compared with 

previous reports on Brassica oleraceae var. capitata (56.37 mg/ IOOg) and cauliflower 

(61.5mg/ l00g) (Ogbede er aI. , 20J 5). Different factors can be associated to this lower content of 

vitamin C in aquaponic kale. One possible reason could be exposme to light because ascorbic 

acid is formed during photosynthesis. Apparently, the two production systems had different 
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exposure to light, the aquaponics system being roofed with polyethylene plastic. Henc~ lower 

vitamin C content might be expected from the later system. In this study, similarly vitamin C 

content in aquaponically grown kale was significantly lower (Table II) than the soil based 

harvest. Mou (2009) discussed that ascorbic acid content ofJettuce leaves increased under strong 

light conditions and decreased under weak light or shaded conditions. 

Table 11 : Vitanlin C content of lettuce and kale cnltivated through soil-based and aquaponic 
system at Addis Ababa University site 

Lettuce 

Soil-based lettuce Aquapouic lettuce 

Vitamin- C (mgl l00g) 5 1.30±0.0 1'" 26.41±0.01 

Kale 

69.42 ± 0.01 5.08±0.01'" 

All values are expressed as mean ± SE. (0-3), on dry basis *indicates significant difference between mean 

valuesacross the same row using student's t-tcst: u"p<O.OOl. 

__________ ~4,~UJrt~:nw~llwrunL_ ____________________________________________ _ 

Sllfpass concentration of nitrate in vegetables is becoming a global food safety issue. Excess 

nitrate consumption may harm the health of the consumer as it can be nitrite causing 

methaemoglobinaemia or carcinogenic nit:rosamines (Afali and Elahi , 2014; Blom-Zandstra el 

ai., 1989). The role of nitrogen feltihzers on growth, pelformance and quality of products in soi l­

based agriculture is increased to achieve more productivity and this leads to ovenlse of these 

ferti lizers, which in tum leads to nitrate aggregatien in plants, The accumulation of nitrate in 

plants depends upon many environmental factors such as amount and form of N application, 

light in tensity, temperatllfe, water supply and photoperiod (Blom-Zandsu'a, 1989). Compared to 

the conventional soil-based system, nitrate produced in aquaponics systems comes from protein 

con tent in the fish feed. Hence, with appropriate tish density, the levels of niU'ate are sufficient 

for normal plant growth (Bittsansz],:y el ai., 20 15). 

In aquaponic system there is no nutrient solution added. The whole system relies on fi sh feed and 

waste from the fis h. Tbe primary waste from the fish is full of nitrite (toxic) need to be converted 

into nitrate using denitrifying bacteri a. Thus, the regulation of nitrate and nitrite in the aquaponic 
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system is important, Therefore, one of the specific objectives of the present study was to 

investigate the nitrate concentration of the aquaponic harvests as compared with the soil-based 

harvests, The nitrate concenu'ation of lettuce and kale cultivated through aquaponic and soil­

based system is presented in Table 12, 

Table 12: Nitrate concentration in lettuce and kale cultivated through soil-based and aquaponic 
system at Addis Ababa University site 

Lettuce 

Soil-based lettuce Aquaponic lettuce 

Nitrate (~g g-') 44.25 ± 0,09 40,27 ± om"' 
Kale 

23.18 ± om 70,73 ± 0,01'" 

All values are expressed as mean ± SE. (n=3), on dry basis.*indicatcs significant difference between mean values 

across the same row using student's (w(est: "p<O.01. 

The soi l-grown lettuce had significantly a higher amount of nitrate than the aquponic harvest at 

- ___ pps.<O.QL(Iable 12) Varjablity in cultivars. cultivation methods, and availability of nitrate in 

vegetables could be the possible reasons for the difference in nitrate concentration between soil-
• 

grown and aquaponics lettuce. The nitrate values obtained in this study were lower than the 

values (545.3 mg kg-' fresh weight) reported by Pantanella (2012) for lettuce samples, Major 

factors affecting the nitrate concentration include plant species, plant variety, plant part and stage 

of maturity, drought, high temperature, shading, deficiencies in certain nUU'ients (Keeney, 1970). 

In aquaponic systems, plant and fish density also influences nitrate content of the vegetables 

(Petrea ef aI., 2013), The comparable levels of nitrates found in aquaponically-grown lettuce 

with the soil-based harvest, suggested aquaponies to be a relevant food production system for 

healthy vegetables , The lettuce harvested from both systems had a nitrate level within the 

Commision Regulation (EC, 201 1) food safety luuits ranging from 125 to 2500 mg N03'1kg 

fresh for lettuce grown under cover and 2000 mgkg.l for that grown in the open air. 

The nitrate concentration in the aquaponic kale was significantl y higher than dIe value in the soi l 

based harvest (p<O.001) (Table 12). In aquaponics system, ammonia which is a byproduct of fish 

metabolism is converted into nitrite and nitrate through nitrification process. Then, plants will 
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uptake the water (containing nitrate and other nutrients) throngh their roots while it travels through 

plant growing beds. Thus, the higher nitrate concentration found in aqnaponical1y grown kale in 

the present study conld be due to the variability in cultivars. Excess amount of nitrate (NOi) in the 

aquaponic system can promote a rapid plant growth and increase the accumulation of nitrate in 

leaves (Alcaraz et al., 2016). The nitrate concentration in both harvests was below the set upper 

limits of nitrates «2000 mg ki' fresh weight) of vegetable products (Ee, 2011). Thus, with 

proper management aquaponic systems can maintain a nonnal level of nitrate so as the plant 

growth can be improved maintaining mmitional quality. 

4.7. Sensory evaluation of lettuce and kale harvested from AAU site 

In addition to yield and nutritional quality. sensory qualities of vegetables are very impOltant 

aspects of quality. The high initial capital of aquaponic systems will be worthless if the final 

produces are not preferred by the consumer. In addition, little is known about the nutritional 

quality and consumer preference of products grown in aquaponic systems. Because of variation 

in production practices, there might be also a difference in organoleptic characteristics of 

products (Selma el aI., 2012). Hence, as innovative method aquaponic harvests need to pass 

sensory evaluation for future expansion and recommendations. Accordingly, the types of sensory 

evaluation of the vegetable samples in this study included difference, preference and rating 

acceptance tests on the basis of sensory attributes like appearance, color. taste, texture and 

overall acceptability. Both lettuce and kale samples were presented at room temperature to the 

participants. Each panelist evaluated the intensity of the attribnte, in a score sheet base<Lon .9 

point hedonic scales. With this regard, the sensory attributes of lettuce and kale harvested from 

aquaponic and soil·based systems were compared. 

Discriminatory test 

Discriminatory sensory test determined if panelists could detect an overall difference between 

aquaponically and soil-based vegetables. As reported in Table 13, most of the participants were 

able to differentiate between aquaponically and soil grown lettuce based 011 the different sensory 

attributes. Among the 17 participants, 88%, 47%. 82%, and 59% of the participants were able to 

identify the difference between aquaponically and soil-grown lettuce on the basis of overall 

65 



appearance, color, taste and texture respectively. Similarly, most of the participants were able to 

differentiate between aquaponically and soil grown kale based on different sensory attributes. 

Among the 16 participants, 63%,75%, 63%, 63% and 50% of them were able to identify the 

difference between aquaponically and soil-grown kale on the basis of appearance, color, aroma, 

taste and texture respectively. 

Table 13: Discriminatory sensory test on lettuce and kale cultivated through aquaponics and soil­
based system at Addis Ababa University site 

Lettuce 

Sensory attributes Frequency (Yes, %) Frequency (No, %) 

Appearance 15,88 2, 11 

Color 8,47 9, 52 

Taste 14, 82 3,17 

Texture 10,58 7,41 

Kale 

Sensory attributes Frequency (Yes, %) Frequency (No, %) 

Appearance H),152 . 6,-3-8 

Color 12, 75 4, 25 

Aroma 10, 62 6,38 

Taste 10,62 6,38 

Texture 8,50 8,50 

Values are expressed as number of panelists responding yes or no upon detecting differences 

Preference test 

Since the panelists were able to detect difference in the sensory atU'ibutes except color between 

the two harvests, the next step was identifying the type of difference detected. Many producers 

and researchers throughout the world are attracted to aquaponic system for its potential of 

providing more yields within short period of time and year-rmmd. However, little is known about 

consumer preferences for produces from aquaponic systems. In food product evaluation, there 

are two major measurements of conSUmer testing; measw-ement of preference and measurement 
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of acceptance (Lawless and Heymann, 20 to). In this study, the results of the consumer 

preference tests are listed in Table :J 4. 

Accordingly as repolted in Table 14, out of 17 pruticipants, 59% of participants indicated that 

they preferred soil-grown lettuce whereas 41 % of participants prefen'ed aquaponicaUy grown 

lettuce. Regarding to kale sample among the 16 participants, 75% show their preference for 

aquaponically grown kale over the soil-grown ones. 

Table 14: Consumer preference test between lettuce and kale cultivated through aquponics and 
soil-based at Addis Ababa University site 

Number of prulalists 

Vegetables 
preferred the sample Percent (%) 

Aquaponic lettuce 7 41 

Soil-growulettuce 10 59 

Aquaponic kale 4 25% 

Soil-grown kale 12 75% 

Rating acceptance test 

Descriptive statistics was used to compute the merui values from the panel ist's evaluation of the 

attribute ratings for appearance, color, taste, texture, and overall acceptability of aquaponically 

and soil-grown lettuce. Panelists were asked to rate the attributes for both the conventional, soil­

based and aquaponic produces by a 9-point hedonic scale with 1 being exttemely dislike and 9 

being extremely like. As shown in Table 15, there was no significant difference between the two 
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harvests in rating the appearance, color and taste of the lettuce. In contrast, there was a significant difference (p<0.05) in texture and 

overall acceptability, in both attributes the soil-based letnlce havi the higher acceptance rate. Similarly, Short et al. (2018) reported 

that lettuce samples grown in aquaponic system were preferred les, than the soil-grown lettuce samples. Texture is a complicated term 

that relies on the mouth feel of a food quality as perceived in the mouth. Textural attributes that need to be considered during rating 

acceptance test include dryness, tenderness or wetness (Treftz, 20 5). In this study, the values for texture were also scored high in the 

soil-grown lettuce compared to the aquaponic produce. 

Table 15: Sensory scores for rating acceptance test on lettuce and $le grown on aquaponic and soil- based system at Addis Ababa 
University site 

Vegetables Appearance 

Aquaponic lettuce 7.35 ± 0.24 

Soil-grown lettuce 7.94 ± 0.20 

Aquaponic kale 6.63 ± 0.35 • 

Soil-grown kale 7.56 ± 0.27 

Color 

7.82 ± 0.25 

7.94 ± 0.20 

6.75 ± 0.48 

7.50 ± 0.30 

Aroma 

6.69 ± 0.46 

7.25 ± 0.28 

"ensory attributes 

Taste Texmre Acceptability 

6.82 ± 0.46 6.71 ± 0.34' 7.00 ± 0.27' 

7.47 ± 0.27 7.71 ±0.31 7.76 ± 0.22 

6.50 ± 0.48 • 6.75 ± 0.49 6.56 ± 0.47 

7.69 ± 0.29 7.69 ± 0.27 7.67 ± 0.25 

All values are expressed as Mean ± SE. *indicates significant difference in meat( values \\o;thin the same column using srudent t-test at *p<O.05 
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As shown in Table 15, the soil-grown kale had shown a higher appearance and taste acceptabjlity 

rating score than the aquaponic harvest (p<0.05). Consumers may try a new product like 

aquaponic produces if attracted by its appearance (Barrettet al., 2010). Similarly, the soil-based 

kale had higher color, aroma, texture, and overall acceptability rating score. Among which, the 

higher score for aroma might be due to its higher sulfur content compared to the aquaponically 

grown kale. The sulfur content in such plants is directly correlated with glucosinolate 

concentration and strongly influeuces the flavor of vegetables (Schuug, 1990). Taste also 

influences the purchasing behavior of consumers (Pollard et aI. , 2002), aquaponic vegetables are 

only competitive when they have a good taste. In thi s study, the aquaponic kale had a 

competitive acceptancerating score in all the tested attributes with the soil grown harvest. With 

proper management of the aquaponic system, in the future a more pl:eferred aquaponic produce 

with high lIutritional quality can be harvested. 

4.8. Proximate composition of lettuce at Shewa Robit site 

Proximate composition 

In this study, the other aquaponic site used for the nutritional and sensory evaluation of 

aquaponic harvests was at Shewa Robit town, Ethiopia. This replication of the evaluation at 

AAU' site supported to check the consistency of nutritional and sensory quality of aquaponic 

produces inorder to draw tangable conclusions and recommendations on the potential and 

sustainability of tins innovative technology. 

As shown in Table 16, there was no significant difference in proximate composition between the 

two harvests except the crude fiber content. The crude fiber in the soil based lettuce was 

significantly higher than tile value in aquaponic harvest. The tiber content of the lettuce samples 

from Shewa Robit site was higher than the value reported by Gladys et al. (2015) (1.25-

1.94g/100g dry weight). Similarly, there was no significant difference in crude protein, crude ash 

and fat contents between the aquaponic and soil grown lettuce from Shewa Robit site. Meanwhile, 

there was a significant difference in crude fiber content (p<0.05) (Table 16). 
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Table 16: Proximate composition oflettuce (L. sativa L) leaves cultivated through soil-based and 
aquaponic system from Shewa Robit site 

Lettuce 

Nutrient (g/100g) Soil-based lettuce Aquaponic lettuce 

Moisture 6.40 ± 0.40 8.00 ± 0.00' 

Crude protein 17.83 ± 0.00 16.56 ± 0.00 

Crude fat 5.50 ± 0.00 6.00 ± 0.00 

Crude ash 20.20 ± 0.20 19.25 ± 0.25 

Crude fiber 25.73 ± 0.18 24.33 ± 0.18' 

Utilizable carbohydrate 50.06 ± 0.20 50.19 ± 0.25 

Gross energy (kcal) 321.06 ± 0.80 321.00 ± 1.00 

All values are expressed as mean ± SE. (n-3) on dry basis. 'indicates significantdifference between mean values 

across the same row using student's t-test;·p<O.05. 

4.9. Mineral content of lettuce at Shewa Robit site 

Macrominerals 

____ T ....... h""e....,aguaj;!onically grown lettuce at Shewa Robit site had a significantly higher concentration of' 

magnesium (p<0.05) and potassium (p<O.OOI) than the soil-based harvest. In contrast, the 

calcium (p<0.01), sodium (p<O.OOI), phosphorus (p<O.OI) and sulfur (p<O.OOI) concentrarions 

were lower in the aquaponic lettuce (Table 17). 

Table 17: Macro minerals content of lettuce (L. sativa L) cultivated through soil-based and 
aquaponic system at Shewa Robit site 

Macro minerals (mg kg· l
) 

Calcium 

Magnesium 

Sodium 

Potassium 

Phosphorus 

Sulfur 

Lettuce 

Soil- based lettuce 

17275.59 ± 120.73 

3638.78 ± 26.61 

4363.40 ± 18.07 

60695.05 ± 185.17 

5107.39 ± 16.59 

3199.58 ± 19.12 

Aquaponic lettuce 

16281.09 ± 171.14" 

3809.16 ± 28.66' 

3672.23 ± 26.27'" 

77318.49 ± 493.49'" 

4879.50 ± 27.17" 

28 J 1.33 ± 9.03'" 

All values are expressed as mean ± SE on dry basis. 'indicates significanr difference between mean values across the 

same row using student's t- test: ·p<0.05, "p<O.OI , " p<O.OOI . 
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Micro-minerals 

The concentration of the micro-minerals iron, zinc, copper, manganese and boron of soil-based 

and aquaponically grown lettuce at Shewa Robit site was repOlted in Table 18. Accordingly, the 

concentrations of iron (p<O.OOl), copper (p<O.OI) and boron (p<0.05) were significantly higher 

in the aquaponic lettuce.Pineda-Pineda et al. (2017) also reported higher iron content in 

aquaponic lettuce which was grown in asystem with 10 kg m·3 fish density. h'on plays a major 

role in plant growth specifically in respiratory .and photosynthetic reactions. Hence, iron 

deficiency reduces chlorophyll production and- is characterized by intervienal- chlorosi 

(McCauley et al., 2009). Boron is also an important nutrient for the plant metabolism, in which 

plants suffering from boron deficiency exhibit chlorosis in young leaves. Therefore, the higher 

contents of iron and boron (which are basically found in soil) in aquaponic lettuce indicated that 

aquaponics can replicate the soil system in food production. Yet, the emphasis on the monitoring 

of aquaponic system should get emphasis. Except with manganese, the same trend was found 

from AAU site. 

Table 18: Concentration of micro-minerals in lettuce (L. sativa L.) cultivated through soil-based 
____ -"aJ"'ld"-"JaQ!illponic system at Shewa Robit site 

Lettuce 

Micro-miuerals (mg L· I
) Soil-based 'lettuce Aquaponic lettuce 

Iron 1409.26 ±16.02 5102.30 ± 32.15*" 

Zinc 62.47 ± 1.51 44.74 ± 0.92" 

Copper 16.48 ± 0.52 21.40 ± 0.47" 

Manganese 69.95 ± 1.89 61.67 ± 1.27' 

Boron 24.32 ± 0.71 29.55 ± 0.87' 

All values are expressed as mean ±SE. (n=3) on dry basis. "indicates signiticant difference between mean values 

across the same row using student's t-test "'p<O.05; "p<O.OJ; IH p<O.OOI. 

4.10. Harmful metals concentration inlcttnce sample from Shewa Robit 
aquaponic site 

The mean concentrations of harmful metals found in the soil-based and aquaponically grown 

lettuce sampled from Shewa Robit site aJ'e summadzed in Table 19. Due to the contamination of 

rivers, lakes and other water bodies with industrial effluents. There is a rising concern on toxic 

metal contamination of vegetables grown on soil-based system. Thus, the impact of new food 
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production systems on the concentration of harmful metals should be evaluated. In this study,the 

concentrations of cadmium, arsenic and lead were significantly higher in the aquaponic lettuce 

than in soil-based harvest at p<O.OI and p<0.05 respectively. The concentration of cadmium was 

lower than the levels reported by Itanna (2002) from soil-based lettuce collected in Addis Ababa. 

Among the listed harmful metals, cadmium is of particular concern because of high mobility in 

the plant-soil system. Emission of cadmiwn into the environment can..result fro111 incineration of 

metal scrap, use of phosphate fertilizers. metal plating activities and abrasion from automobile 

tyres and so on. It is well known that vegetables absorb theses · metals from the soil and 

atmosphere by dusts deposited on their surfaces (Rahlenbeck et aI., 1999). The higher cadmium 

level in the aquponic harvests might be due to the location of the system nearer to the main road 

in which rhe plant can absorb it easily from the environment. In contrast, nickel concentration 

was lower in the aquaponic lettuce significantly. This might be due to (he fact that the 

experiment was carried out in a gree,thouse which reduces largely the contamination of the 

leaves by air pollution. The nickel concentration in both soil-based and aquaponic lettuce was 

lower than the results obtained by Itanna (2002) (Le. 1.86 mg kg" in lettuce harvested from Kera, 

Addis Ababa). Nickel has potential toxicity to both plants and animals. Nickel phytotoxicity 

results in chlorosis, weak plant growth, yield depress.ion and reduced nutrient uptake and 

disorders in plant metabolism (Paulik, 1999). 

Also, numerically in the aquaponic lettuce the levels of chromium, lead and mercury were lower 

than the values in soil-based haavest. Environmental lead pollution occurs through traffic 

emissions. Rablenbeck et al. (1999) reported lead concentration of 0.25 mg kg" in lettuce grown 

in soil-based system in Addis Ababa. Higher lead concentration in aquaponic lettuce at AAU site 

might be due to either environmental pollution or from fish feed. Chromium is a human 

caadnogen with primaa-y route of exposure through inhalation (Costa and Klein, 2006). The 

estimated safe daily dietary intake of chromium is 50 to 200 flg (Anderson, 1997). The 

concentration of chromium in both aquaponic and soil-grown lettuce was found to be lower than 

the report by Hanna (2002) (Le. 9.47 mg kg-' in lettuce collected from kera, Addis Ababa 

Ethiopia). 
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Table 19: Hanuful metal concentration in lettuce (L. saliva L.) cultivated through sojl-based and 
aquaponic system at Shewa Robit site 

Harmful metals (mg L· l
) 

Chromium 

Cadmium 

Lead 

Nickel 

Mercury 

Lettuce 

Soil-based lettuce Aquap.onic lettuce:~ _____ _ 

2.22± 0.83 

0.08 ± 0.015 

0.08 ± 0.04 

1.49 ± 0.50 

0.52 + 0.18 

1.87 ± 0.31 

0.09 ± 0.00 

0.21 ± 0.04 

0.38-±..Q~03'------

0.16 + 003 

All values are expressed as mean ±SE (n- 3)01l dry basis."lndicates significant difference between mean values 
'across the same row using student's t-test:' p<O.05; "'p<O.Ol ; "-~p<O.OOl. 

4.11. Vitamin C content 

The vitamin C content of lettuce cultivated in aquaponic and soil-based systems at Shewa robit 

site is outlined in Table 20. 

----bettuce-is-a-good-source-of-vitamin-e:-vitamm-e-is-om;of-tlu;nrosrimpurtanrantioxtd~lIl~lt=s----­

(Travieso el aI., 2016). In this study, the soil-grown lettuce had significantly higher vitamin C 

content (23.32 mg/lOOg) compared to the aquaponic harvest (15.16 mg/lOOg) (Table 20). Among 

the environmental factors influencing plant growth, light is a major onewhich can affect 

photosynthesis. Geuerally, lower light intensity during growth will result in less ascorbic acid 

content in plant tissues (Travieso el aI., 2016). As LI and Kubota (2009) described, high intensity 

of light increased the levels of ascorbic acid in letl11ce. Vegetables cultivated under greenhouse 

(like in present study in an aquaponic system) were less exposed to sun light hence it results in 

low plant photosynthesis. Thus, the lower vitamin C concentration in the aquaponic lettuce both in 

Addis Ababa and Shewa robit site might be linked with reduced light intensity in the system. 
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Table 20: Vitamin C content of lettuce (L. sativa-L.) cultivated through soil-based and-.aquaponic 
system at Shewa Robit aquaponic site 

Lettuce 

Soil-based lettuce Aquaponic lettuce 

Vitanlin C (mg I OOg"') 23.32 ± 0.01 15.16 ± O.OS'" 

All values are expressed as mean ± SE (n::::3) on dry basis:indicates significant difference between mean values across 
the same row using student's t-test:"· p<O.OOl). 

4.12. Nitrate concentration 

Excess nitrate accumulation in edible vegetables is a problem, causing di seases like 

methemaglabinemia in children and gastrointestinal cancer in adults (Afali and Elahi, 2014). In 

this study the level .of nitTate in lettuce leaves cultivated thraugh aquapanic and soil-based 

system fram Shewa Rabit site is presented in Table 21. 

As repOlted in Table 21, the nitrate cancentration in the aquaponic lettuce was significantly 

higher than the value in the sail-grown harvest (p<O.OOI). Nitrate praduced from fish waste 

contains high levels of nitTogen. The nitrate concentration in both harvests in this study was 

lower than the values reported by Pantanella (2012) . However, the concentratian of nitrates 

faund in aquaponically-grown lettuce da nat exceed the maximum allawed limit «2000 mg 

N03'1kg). Both aquaponically and soil-grown lettuce from Shewa robit site had a significant 

higher nitrate cancentratian than the AAU site harvests at p<O.OI and 0.001 respectively. This 

variatian cauld be due to the difference in fish density from bath sites (i.e. the fish density stack 

at AAU aquapanic site was comparatively lawer « 1. kg/fish tank than the Shewa robit site) . 

Accarding to Bittsanszky et af. (2015) appropriate fish stoking rates monitors the levels of nitrate 

in the aquaponic solntion.Moreover, there are other can founding factors which cause the 

accumulation of nitrate in plants. 
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Table 21: Nitrate concentration in soil-based and aquaponically grown lettuc.e (L. sativa L.) 
leaves harvested from Shewa Robit aquaponic site 

Letll1ce 

Soil-based lettuce Aquaponic lettuce 

28.26 ± 0.06 78.48 ± 0.05'" 

All values are expressed as mean ± SE. n-3 onn dry basis.~indicates significant difference between mean values 
across the same row using student's t-test: ·1'<0.05; "·p<O.Ol; ·~·p<O.OOl. 

4.13. Sensol'Y evaluation of lettuce sample from Shewa Robit site 

For the future success of aquaponics, the sensory evaluation of the harvests is necessary. 

However, so far little is known about the nutritional quality and consumer preference of harvests 

grown in aquaponic systems. Accordingly, the sensory amibutes of letnlce harvested from 

aquaponic and soil-based systems from Shewarobit site was compared. The sensory tests applied 

were discriminatory test, preference test, and ratiog acceptance test on the basis of appearance, 

color, taste, texture and overall acceptability. 

Discriminatory test 

As reponed in Table 22, all of tile 23 panelists were able to distinguish the sensory difference 

between aquaponical1y and soil grown lettuce based on appearance, colour, taste, texture and 

overall acceptability (Table 22). 

Table 22: Discriminatory sensory test on aqnaponically and soil-grown lettuce (L. sativa L.) at 
Shewa Robit site 

Sensory attributes Frequency (Yes, %) 

Appearance 23, 100 

Color 23, 100 

Taste 23, 100 

Texture 23, 100 

Values are expressed as number of panelists responding yes or no upon detecting differences 
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Preference test-

Soilless culture systems like aquaponics, the most intensive food production method in today' s 

agriculture industry, are based on environmentally friendly technology which can result in higher 

yields, safe and quality products. Similarly, sensory, nutritional and microbiological qualities of 

produces fTom soilless agriculture have been considered as important factors to detennine the 

effectiveness of the system compared to traditional methods (Selma et al., 2012). However, very 

few studies are available on consumer preferences for products grown in soilless culture systems 

(Short et aI., 2018). As aquaponics is a new food production technology, the consumer 

acceptability and preference towards aquapon.ically-grown vegetables will only be realized if 

consumers perceive these emerging technologies to be accepted in terms of sensory evaluation. 

In this study, the result for preference test between aquaponic and soil-grown lettuce from 

Shewa robit site is presented in Table 23. Based on the study, 13 out of 23 (57%) of the 

participants preferred the aquaponicalJy grown lettuce to the soil grown lettuce (Table 33). 

Similarly, a study carried out by Khandaker and Kotzen (2018) showed that aquaponically grown 

bitter gourd was prefelTed to that of market-bought bitter gourd. 

Table 23: Sensory preference test between aquaponically and soil-grown lettuce harvested from 
Shewa Robit aquaponics site 

Vegetable 

Aquaponic lettuce 

Soil-based lettuce 

Rating acceptance test 

Number of panalists preferred 

the sample 

13 

10 

Percent (%) 

57 

43 

Acceptance rating test was used to evaluate the attribute ratings for appearance, color, taste, 

texture and overall acceptability of aquaponically grown vegetables. Panelists were asked to rate 

the attributes for both the soil-based and aquaponic produces by 9-point hedonic scale with 1 

being extremely dislike and 9 being extremely like. Aquaponically grown lettuce had a higher 

acceptance rati ng score in all the attributes tested (Table 24). Specifically, the score for textme 

and taste was significantly higher at p<0.05. The. results in this study agree with reports by 
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Khandaker and Kotzen (2018).Consumers may try a new product like aquaponic produces if 

attracted by its appearance (Barret et a/. , 2010). Taste also influences the purchasing behavior of 

consumers (pollard et ai., 2002); aquaponic vegetables are only competitive when they have a 

good taste. Thus, the higher score in all the sensory attributes of the aquaponic lettuce is an 

important indicator of future success of aquaponics. 

Table 24: Sensory scores for descriptive analyses on lettuce (L. sativa L.) cultivated through 
aquaponic and soil-based system at Shewa Robicaqu-a1JO!fic~ite 

Sensory attributes 

Vegetables Appearance Color Texture Taste Acceptability 

Aquaponic lettuce 7.39 ± 0.17 7.43 ± 0.18 7.26 ± 0.43' 7.39 ± 0.32' 7.00 ± 0.39 

Soil-based lettuce 6.78 ± 0.47 6.61 ± 0.40 5.96 ± 0.49 5.96 ± 0.55 6.39 ± 0.47 

All values are expressed as mean ± SE.Mindicates significant difference between mean values within the same 
column using student's t.test;·p<O.05 . 

4.14. R esults of microbial test 

The microbiological test was performed to determine the microbial load of water samples from 

the fish tanks and vegetables harvested from aguaQonic system by memhrane tiltratiOllL ____ _ 

techniques using standard methods of ISO 9308-1:2000. Microbial investigation of water in 

aquaponics and on the harvests is not studied well so far. It is not uuconunon to find fecal coli 

fonus and non-pathogenic E.coli in aquaponics water (Baker, 2016). Due to the constant 

recirculation of water coli forms are naturally present in aquaponic sys tems (Fox et aI. , 2012). 

However, so tilr only few studies were conducted to address the susceptibility of aquaponic 

produces to microbial contamination. Aquaponics systems are located above the ground, set-up 

in greenhouse or building away from soil. Hence, there seems to be much less likelihood of 

environmental contamination of the system. Moreover, aquaponic systems are usually designed 

in a way that allows protection from contamination of outside wildlife unlike traditional soil 

farming (Baker, 2016). However. in the aquaponic system the use offish waste as nutrient source 

for plants can represent a microbial risk for the water and vegetables (Alcaraz el ai., 2016). 

Therefore, in this study the microbial safety of the circulating water in aquaponics and the 

vegetables was investigated. 
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Table 25: Total coli form and fecal coliform bacteria estimated from system water-and vegetables 
from Shewa Robit and Addis Ababa University aquaponic site 

Source Sampling 
site 

Fish tank 1 AAU 

Fish tank 2 AAU 

Vegetable AAU 
Vegetable AAU 

Fish tank 1 Shewa Robit 

Sample 

Water 

Water 

Kale 

Lettuce 
Water 

Total coliform 
cfu/ 100ml 

1.5*103 

2.2* 102 

Fecal colifol111 
cfullOOml 

<10 

<10 

8.3* 102 <10 
3.0*102 <10 
4.7* 10' <10 

Vegetable Shewa Robit Lettuce 2.8*10' <10 
*<10 CFU/ IOOmL implies fecal colifoml strain is below the detection limit in samples. AAU- Addis Ababa 
University (sampling s ite) 

The number of total and fecal coliform microbes (indicator E.coli (CFU/100ml)) was measured 

using standard procedures (ISO). Indicator microbes were estimated from vegetables and water 

samples and dle data were analyzed in reference to the EPA-recommended recreational water­

quality standards for E. coli (EPA 1986). 

Microbial load in the aquaponic system water 

A-s-reportedirrTabk-25-;-rhe-watersamp-]-e-cullected--fro1T[7\-AU aquaponic si retfrnnanrhimlL) 

had higher total colifol111 bacteria count than the water sampled from the Shewa Robit aquaponic 

site. BU!, fecal coliform microbes (E.coli) were below the detection limit «10 CPUIlOOmL) in 

system water sampled from both sites COnfil111ing no potential pathogens. The system water from 

AAU aquaponic farm contained approximately 3.171oglO CPUIl OOmL of total coliform and <10 

CFUl100mL fecal coliform respectively. Whereas 1.67logJO CPU/100mL of total coliform and 

<10 CPUII OOmL fecal coli form bacteria was detected in system water collected from Shewa 

Robit site. The fish tanks at AAU aquaponic greenhouse were open and easily accessible for 

being contaminated by rodents. In fact, dead rodents were also found in one of the fish tanks. 

This might be one of the factors for the microbial load difference between the two aquaponic 

sites. One of the reasons for the development of aquaponics is the proliferation of soil borne 

pathogens into soil -based harvests. Yet again there.i~ a possibility that aquaponic system also can 

be microbial contaminated arising from the feces of warm-blooded animals like rodents. This 

underlines the importance of sanitary and hygienic confined environment for the safety of 

aquaponic produces. 
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In fact, in both aquaponic sites in this study, poor sanitary (poor good agriculmral/aquaponic 

practices) were observed. These included rough floor, poor ventilation, poor layout, poor waste 

management system etc. 

Microbial load of lettuce and kale 

The microbial load of vegetables (l ettuce and kale) grown iu an aquaponic system was 

determined following standard procedures of rSO-2000. The vegetables were collected 

aseptically, and placed into a sample bottle with 250 mL of sterile water. This was followed by 

vigorous shaking of the contents to wash the vegetable surface. Membrane fi ltration technique 

was applied. The water sample collected after washing the surface of vegetables from AAU site 

contained approximately 2.4710glO cfu/ lOOml and 2.92logLO cfullOOml total colifonn bacteria 

for lettuce and kale respectively (Table 25). These values were lower than tlle reports by Sirsal 

and Neal (2013) who found 3.210g cfu g" in romaine lettuce cultivated tIlrogh aquaponics under 

greenhouse. Similarly, Scudery et al. (2011) reported count of 6.0 log cfu g" for lettuce grown in 

a hydroponic floating system. These values are comparable the standard limit <235 CFU/lOOmL 

set by EPA (1986), for such produces. The presence of colifomls may be a possible risk, 

espcclally for hlgh quality ready-to-eat vegetables like lettuce. Thus, aquaponics could benefit 

from water sterilization, however it is not clear whether drastic elimination of bacteria may harm 

nitrifying bacteria activity and thus be a risk factor for the tish stock (Pantauella, 201 2). Based 

on prev ious studies and the find ings of the present' study, soill ess system like aquapon ics were 

demonstrated to be effective in controlling microbial contamination as the produces from the 

soilless system had lower microbial count and slower microbial growth (Selma et aI., 2012). 
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CHAPTER FIVE 

5. CONCLUSIONS AND RECOMMENDATIONS 

5.1.Conclusions 

Addressing the challenges that soil-based agricultW"e is facing, systems like aquaponics that do 

not require arable land are becoming promising. In aquaponics the fish generated waste 

(ammonia) will be convelted into nitrate (utilizable by plants) by bacteria to produce vegetables. 

herbs, fruits and fish. However, for the sustainability of aquaponics the environmental, 

nutritional and sensory attributes of the produces must be equivalent or better than soil-grown 

harvests. Therefore, this smdy was carried out to determine whether aquaponically-grown lettuce 

(L. sativaL.) and kale (B. carinata) are as nutritionally dense as soil-grown harvests focusing on 

their biochemical composition. sensory quality and the microbial load of the system water and 

vegetables. 

Accordingly, there was no significant difference in moisture, crude protein an-d crude~fat contents 

between aquaponically and soil-grown lettuce harvested from AAU site. In contrast, the 

aquaponic lettuce had significant higher contents of crude ash and crude fiber. Unlike the soil-

grown harvests. there was no significant difference in macronutrient composition between 

aquaponic lettuce harvested from AAU and Shewa robit sites except the crude fat content. 

Therefore, in telms of macronutrients composition, the aquaponic system provides a more 

consistent harvest than soil-based system. In this study kale was the other vegetable grown 

through both systems for the evaluation. Kale grown through aquaponics at AAU site had 

significantly higher contents of crude fat, crude fiber, carbohydrate and caloric value than the 

soil-based harvest. In contrast, the elUde ash content was signifIcantly lower. The higher crude 

protein content linked with NH3 accumulation in the aquaponic kale was a good indicator of the 

efficiency of the aquaponic system. 

The aquaponic lettuce from AAU site had a significantly higher composition of all macro 

minerals except potassium and sulfur. Meanwhile, the aquaponic lettuce from Shewa Robit site 

had significantly higher concentrations of magnesiuin and potassium than the soil-based harvest. 

In contrast, the calcium, sodium, phosphorus and sulfur concenu'ations were lower. The lower 

concentration of minerals like calcium in aquaponic lettuce might be correlated with high 

accumulation of Nfl. + in the aquaponic solution. which might interfere the absorption of cations 
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by the plant. Therefore, maintaining and monitoring aquaponic system should get more emphasis 

than the initial investment. 

Aquaponic lettuce from both AAU and Shewa Robit sites had higher concentrations of iron, 

copper and boron. Higher iron and boron levels indicated that aquaponics can replicate the soil 

system in food production. In contrast, iron and boron concentrations were significantly lower in 

aquaponic kale, in which the deficiencies were observed by leaf chlorosis. Therefore, this study 

underlines the impOltance of formulating nutrient dense fish feed, so that the waste would 

provide important minerals like iron and boron. Considering other antioxidant compounds, this 

study investigated the concentration of beta-carotene and vitamin C in the aquaponic harvests. 

Accordingly, the soi l-based letl11ce and kale had significantly higher beta-carotene concentration 

than the aquaponic harvests from AAU site. Similarly, vitamin C concentration in the aquaponic 

lettuce and kale was fowld lower. This might be attributed from the less exposure of aquaponic 

plants to sunlight and temperature which had significant influence on carotenogenesis. Hence, 

future considerations on the type of polyethylene sheet to regulate the light and temperature of 

the system as per the requirements of the plants is important. There was a comparable and higher 

-------,n"'"I'ITate concenrrat'!mr tllrlle aquapoflic letru=n-kahf1:unTp·ared-with-the-soij~based-harvest:s-.:-------

Due to the rising l.:oncern of harmful metals concentration in soil-grown harvests, in this study 

the possibility of reducing toxic metals through aquaponics system was evaluated. The nickel 

concentration was significantly lower in the aquaponic lettuce harvested from AAU site than the 

soil -grown harvest. In fact, numerically the levels of chromium, lead and mercury were lower in 

the aquaponic lettuce. Similar result was found in the aquaponic lettuce from Shewa Robit site. 

Similarly, the concentrations of clu'omium and nickel were lower in aquaponic kale. In fact, the 

chromium concentration in the soil-grown kale exceeded the FAO/ WHO maximum limit for 

leafy vegetables. 

The high initial capital of aquaponic systems will be worthless if the final produces are not 

preferred by the consumer. In this study, majority of the sensory panelists were able to 

differentiate between aquaponical ly and soil grown lettuce/kale from AAU and Shewa Robit 

sites based 011 overall appearance, color, taste and texture. Also most of the panelists who 

detected difference preferred the aquaponic lettuce from both sites to the soil grown harvest. 

Similarly, the aquaponic lettucelkale had a comparable acceptance rating using 9-point hedonic 
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scale with the soil-grown harvests. This marked the potential of aquaponics to suppJy the 

consumer with quality vegetables in the future. 

Irrespective of microbial of aquaponics system, no fecal coliform microbes (E. cob') were 

detected in system water sampled from both AAU and Shewa Robit sites, confirming no 

potential pathogens. Similalry, the water collected after washing the surface of letluce and kale 

from both sites contained CFU count comparable with the set limit of EPA (1986) for such 

harvests . 
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5.2.Recommendations 

For the snstainahility of aqnaponics technology further research should be carried involving 

the following issues: 

.:. The experiments need to be done for other potential fruits and vegetables 

.:. The experiment should be done in highly controlled/monitored system to avoid 

confounding variables. 

In this study the major challenge was power failure, which resulted in plant wilting quickly. As 

such research should be done with backup alternate energy sources like solar, wind, or 

hydroelectric. 
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Appendixes 

Appendix I : Certificate of ethical clearance for sensory evaluation 
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Appendix II: infonned consent form for sensory evaluation, 

INFORMED CONSENT FORM: FOR SENSORY EVALUATION 

D.at" eonSWDK, you .... invited to pvtieipAt. ill • study -.ntitled "'nutritional-qualities lUla 
-cons.umu pC"er •• liCe of vaptabl,s -&J'o"""Il---m 'aquaponlc syStHn$" 'in Ethiopia"'\ Th. ov .. an 
o'bJ.etiv. of,this .~tudy '- is - · to · ;a$s • .ss the .. -Ov.waJ.l....dlfMit .... c.::"an~r.Ulu::fl: ~ta."9 o,f---:====~===== 

aqu~oDicaUy r;rO'\Vl1 '\'.ptabl.s-~V .. ptaDl.",wil1 b •• valuated Us.mcpairKcompUtsOD tnt.ad 

nine p oint hecioq.ie seale '.DIOry .v-alu~on' .n:lflhods. You -vAll _be oriuted -a'bout the test 

untnldions to idultify. naJ;De and Classify.cane- ors.ampl. ~ibut.s (Le.. 0"' .... 0 appearaD"-

toior, .ro ...... , tade, fexta.re (moat .. rHl). You w:i.ll b. asked to taste and .x.p«to,. ... the 

samplits •. and to 1".,. the s~pl._srorinte%J,_sity or.ach .ttnout.s . If you have prior exp.erienee of 

:any alltr.&£c t:eactio!1.S to .v.publ." sJ,tedf'seallyt.ttuca'and kaI.. --you 'should-notp:utieipa't.'in-

this SUlSO.ry wvAlU«Hoa..Th .... is DO. dited b.ef"d to-you frn "puticipatinC,iD lb. ... .s.tUdy • yon ...... 

£e .. to withdca.w from th. study,at anytime and fo.c any nasoD¥ 

Pl~ •• rUu.you~mo1athwitb watH:'b~$ampl.s, ·and. y."'tit lor :30. ~ecotUb ~~I' • . you tot. 
th. next sampl •. 

YOW" PfI'rton:i:t.aoe. '· and· data'·m. this." re"l._e:h · is "c9Dfiden~.~ltespons.s· :W. coded'"io, ba 
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Appendix III: Questions asked to sensory panelists on discriminatory test 

DiHerence test 

DATE ----','--.!..'_ TIME __ _ PRODUCT _____ _ 

Dear patticipant, here are two samples for evaluation, Is there a difference between the twO)~---""'''''--­

samples in the fo llowing sensory attributes listed in the fonowing table? 

Attributes Is there a difference: yes (1), no (2) 

Overall Appearance 
1-

Color 

Taste 

Texture (mouth feel) 
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Appendix IV: Questions asked to sensory panelists 011 preference rest 

Preference test 

Product ________________ __ Date _,_, __ Time ___ _ 

Dear participant, here are two samples for evaluation. (Put .". sign on the sample you prefer). 

Which sample do you prefer? 

Please examine code 263 first. 

I Code 

You must make a choice 

Thank you! 

Apllendix V: Fish meal composition 

Ingredients 
Linseed 

llica1ciurn phosphate 

Wheat bran 

Wheat 'grain flo11.I 

Soya (fish) oil 

Vitamin premix 

Meat & bone meal 

Fish meal 

TOTAL 

102 

Percentage 
15% 

1.5% 

3:0%" 

10% 

0.2% 

03% 

15% 

55% 
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Appendix VI: Chromatogram of standard ~-carotene (O.025ppm) with a retention time of 9 min. 
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Appendix VII: Blank chromatogram indicating no interference of the mobile phase 
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Appendix VIII: Beta-carotene cbromatogramto determine Limit of Detection (LOD) 
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Appendix IX: Beta-carotene chromatogram to determine l:;imit of Quantification (LOQ) 

0.0 mm 

Appendix X: Non-Detectable (ND) chromatogram below the LOD (O.012Sppm) 
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