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Abstract 

The aquaponic system includes hydroponic system and 

recycling aquaculture in which the wastes and metabolites 

produced by farmed fish are removed from the environment 

through nitration and absorbed by plants. In this system, 

water productivity without dependence on soil and 

agricultural lands happen simultaneously with healthy 

fish/plant products throughout the year in conditions in 

accordance with environmental considerations. In the 

present study, the quality of tilapia and plant products 

produced in the aquaponic system including mint, 

peppermint, pennyroyal, green basil, purple basil, fodder 

beet, Swiss chard, various cultivars of lettuce, watercress, 

celery, and tomato have been investigated. Results of 

sensory evaluation of the cooked fillet showed high score 

for sensory parameters. In all plant products, the amount of 

nitrite and nitrate were considerably lower than permissible 

limit of consumption. Peppermint, fodder beet, Swiss chard, 

watercress and celery had the lowest proline content, while 

peppermint, fodder beet, Swiss chard were also richer in 

chlorophyll. Higher levels of proline were obtained in 

lettuce and basil, indicating more severe environmental 

stress conditions for them. The amount of protein and iron in 

plant products were high, however calcium and potassium 

were a few lower than the desired amount. 
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Introduction 

The aquaponic system involves the integration of the hydroponic system with recycling aquaculture in which the wastes and 

metabolites obtained from farmed fish are removed from the environment through nitration and their uptake by plants. Plants 

improve water quality by removing compounds from fish waste, as a biological filter. Bacteria play an important role in 

nutrient transport (El-Sayed, 2006) [15]. Application and development of production in aquaponic system, which is based on 

water conservation and productivity, independence from agricultural soil, reducing the use of fertilizers and pesticides, co-

production of fish and healthy plant products, is a good response to the agricultural needs. 

Research on tilapia production in aquaponic system has a history of several decades in the world and has led to favorable 

results (Palada et al., 1999; Rakocy and Allison, 1981; Rakocy et al., 2004 & 2010 & 2011; Pantanella and Colla, 2013) [33, 43, 

47, 44, 45], in our country it belongs to recent decades. The use of zeolite substrate in the aquaponic system of combined 

production of tilapia and lettuce has increased lettuce growth (Rafiei and Saad, 2006) [40]. Integrated cultivation of carp with 

plants (Roosta, 2009; Roosta and Ghorbani, 2011) [49, 50] and the effect of lettuce on the water quality of Oscar fish tank in the 

aquaponic system (Manouchehri et al., 2010) are also studied. Investigation of aquaponic system of tilapia culture in the 

National Saltwater Aquatic Research Center on the outskirts of Bafgh in the center of Iran led to the production of fish at a rate 

of 17-17.2 kg per cubic meter and plant products of basil, mint, cucumber, tomato and lettuce, and bell pepper (Rajabipour, 

2015; Rajabipour et al., 2017) [41, 42]. In other studies, the effect of diets containing vitamin C in the aquaponic system with 

salmon and vitamin B3 on tilapia and lettuce growth indices in the aquaponic system has been investigated (Salamroudi et al., 

2020, a & b). In the present study, quality of tilapia fillets and plants produced in aquaponic system are investigated. 

 

Materials and Methods 

In the present study, products grown in an aquaponic system inspired by the University of Virgin Island (UVI) aquaponic 

package (Rakocy et al., 2004 and 2010 [47, 44]; Baily et al., 2017) in greenhouse condition, 15m3 fish farming space and 90m2 

floating bed plant culture, water salinity of 1.1-2.6ppt, were evaluated from June to December2017 and February 2011
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to September 2021. Fish were fed with food containing 30% 

protein. Muscle tissue composition of cultured red hybrid 

tilapia Oreochromis sp. in terms of dry matter was 

performed based on standard method (AOAC, 1990) [6]. 

Carbon chain of fatty acid in muscle tissue of fish was 

investigated using GC/MS by Acq method methyl ester 

according to the instructions of the National Standard 

Organization of Iran (INSO 13126). 

Some compounds of medicinal and forage plants and 

vegetable products including mint (Mentha sativa), 

peppermint (Mentha piperita), pennyroyal (Menthum 

pulegium), green and purple basil (Ocium basilium), fodder 

beet (Beta vulgaris), Swiss chard (Beta vulgaris cicla), three 

cultivars (C1, C2, C3) of Lettuce sativa, water cress 

(Nasturtium officinale), celery (Apium graveolens, and 

tomato (Solanum lycopersicum) were investigated. The 

amounts of chlorophyll by Arnon (1949) [8] and 

Lightenthaler (1987), proline according to the method of 

Mashayekhi and Atashi (2016) [30], iron, calcium and 

potassium using the method of Ghazan Shahi (1997) [18] 

using Phoenix- 986 AA, nitrite and nitrate by diazo method 

in plant products were measured based on dry weight. 

Sensory evaluation test of cooked tilapia fillets in aquaponic 

system was performed by two groups of evaluators. Color, 

odor, texture and taste were evaluated at 5 levels of 1 to 5, 

very good, good, acceptable, poor and very poor, 

respectively (Lin and Morrissey, 1994; Watts et al., 1989) 

[27, 62]. 

 

Results 

According to the results of sensory evaluation of tilapia 

fillets farmed in the aquaponic system (Fig 1), cooked fillets 

in terms of color, texture, odor and taste, were evaluated 

closed to very good score. In terms of sensory factors, it was 

in the range of 4.9-4.5 (of 5). 

 

 
 

Fig 1: Results of sensory evaluation of tilapia fillet farmed in 

aquaponic system by two groups of evaluators 
 

The results of the study of the total composition of farmed 

tilapia fillets showed protein, fat and ash percentages were 

27.43, 7.5 and 4.18, respectively. The profile of fatty acids 

with C14 to C20 chains of muscle tissue of farmed tilapia 

fish (also values taken from the Nutritional Facts, © 2021 

www.traditionaloven.com) is shown in Table 1. 

The amount of general compounds, total chlorophyll and 

proline density in the plant products are listed in Table 2. 

 
Table 1: Percentage and amount of fatty acids in farmed tilapia fillets of the present study and Nutritional Facts (N.F.) values 

 

  Current study N. F. 

Fatty acid Carbon chain Percent (g/100g) (g/100g) 

Meristic acid C14:0 2.89 0.22 0.05 

Palmitoleic acid C16:1 5.32 0.40 0.1 

Palmitic acid C16:0 28.8 2.16 0.42 

Linoleic acid C18:2 10.66 0.80 0.16 

Oleic acid C18:1 44.78 3.36 0.38 

Stearic acid C18:0 6.79 0.51 0.11 

Arachidic acid C20:0 0.78 0.06 <0.01 

 
Table 2: Chlorophyll and proline contents (mg/g), percentages of moisture, protein and fiber (by wet weight) of plant products from 

aquaponic system and Nutritional Facts values 
 

 Moisture  Protein  Fiber  Chlorophyll Proline 
 Current study N. F. Current study N. F. Current study N. F.   

Pepper mint 91.8  7.11    3.71 0.44 

Mint 88.8  6.3  13.2  2.57 3.22 

Pennyroyal 86.9  5.05  13.1  2.49 1.76 

Green basil 91 92.1 6.11 3.15 17.18 1.6 2.57 2.04 

Purple basil 91.8  10.25  25.71    

Fodder beet 91 91.0 6.51 2.2   4.15 0.60 

Swiss chard 92.5 92.7 6.45 1.8 15.67 1.6 4.10 0.86 

Lettuce C1 94.5 95.0 5.27 1.36 18.47 1.3 2.94 1.24 

Lettuce C2 94.5  1.15  13.44  4.67 3.10 

Lettuce C3 94.5  1.3  12.73  5.59 2.84 

Water cress 95 95.1 9.7 2.3 27.1 0.5 0.42 0.79 

Celery 95 95.4 7.6 0.69 14.32 1.6 1.53 0.74 

Tomato 94.5 94.5 5.12 0.88 34.15 1.2   

 

Nitrate and nitrite concentrations, iron, calcium and 

potassium of plant products (and values taken from the 

Nutritional Facts, standard and findings of some other 

researchers) are given in Tables 3, 4 and 5, respectively. The 

amount of nitrate and nitrite in plant products was much 

lower than their allowable concentration threshold for 

consumption. Iron content in plant products was high but 

calcium and potassium were low.  
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Table 3: Nitrate content in wet weight (WW)/dry weight (DW) of plant products in aquaponic system, standard amount and results of other studies 
 

Reference (mg/kg) 
Pepper 

mint 
Mint 

Pennyroy

al 

Green 

basil 

Purple 

basil 

Fodder 

beet 

Swiss 

chard 

Lettuce 

(C1, C2, C3) 

Water 

cress 
Celery 

Tomat

o 

Current study DW 1106 7190 1004 874 690 780 750 
648, 4432, 

1016 
912 478 492 

 WW 90.7 805.3 131.5 78.7 56.6 70.2 56.3 
35.6, 243.8, 

55.9 
45.6 23.9 27.1 

National Standard of Iran, 

2013 
WW 1000 1000 1000 1000 1000 1000 1000 1500 1000 400 120 

Shahbazzadegan et al., 2019 DW  546  184 345   618   59 
 WW  5068  3765 2162   15761   118 

Pirsaheb et al., 2012 WW        589-608  601-786 
7.7-

17.4 

Kiani and Gheitasi, 2015 WW  311-
1154 

 1363-
2442 

1185-3701 1306      

Fatemi-Ghomsheh and 

Nezami, 2020 
WW      713-2801  64-117  109-

1558 

13.3-

39.5 

Tabandeh and Zarei, 2018 

[59] 
WW  4.4-805  4.5-1015  3.5-1275    3.8-516 1.05-80 

Pourmoghim et al., 2010 DW        910-1445   3.6-376 

Ziarati and Bidgoli, 2012 WW        820-4788  3004-
4562 

 

Alamzadeh Ansari et al., 

2019 
DW  1.6-4.2    1.4-4.1      

Hassani-Moghadam et al., 

2019 
DW  5452  9282        

Pérez-Urrestarazu et al., 

2019 
WW       2388 613    

Ali et al., 2021 WW       245-487   28-404  

Alcarraz et al., 2018 WW        1079    

 
Table 4: Nitrite content in wet weight (WW)/dry weight (DW) of plant products in plant products of aquaponic system and results of other studies 

 

Reference (mg/kg) 
Pepper 

mint 
Mint Pennyroyal Green basil 

Purple 

basil 

Fodder 

beet 

Swiss 

chard 

Lettuce 

(C1, C2, 

C3) 

Water 

cress 
Celery 

Tomat

o 

Current study DW 34 22 8 10 24 4 18 6, 96, 26 6 6 28 
 WW 2.8 2.5 1.0 0.9 2.0 0.4 1.4 0.3, 5.3, 1.4 0.3 0.3 1.5 

Pirsaheb et al., 2012 WW   1.1-3.1   0.4-0.6 0.3 0.2-0.3  0.1-1.3 2.6-3.4 

Kiani and Gheitasi, 2015 WW  0.5-5.2  0.2-1.3 0.3-1.7 0.1-0.6      

Alemzadeh-Ansari et al., 

2019 
DW  0.82-

1.64 
   0.59-1.31      

Ali et al., 2021 WW       0.22-1.2   0.03-
2.8 

 

 
Table 5: Iron, calcium and potassium content in wet weight (WW)/dry weight (DW) of plant products in the present study and other studies 

 

   Pepper mint Mint Pennyroyal Green basil Fodder beet Swiss chard Lettuce Celery 
 Current study WW (mg/100g) 20.4 12.3 25.7 16.7 19.6 10.1 12.7 12.0 

Iron N. F. WW (mg/100g)    3.17 2.57 1.8 0.86 0.2 
 Eissa and Al-Ahmary, 2005 WW (mg/100g)  13.4  13.7   0.9  

 Current study WW (mg/100g) 1.3 11.1 24.6 3.4 1.8 13.7 1.2 0.9 

Calcium N. F. WW (mg/100g)    177 117 51 36 40 
 Eissa and Al-Ahmary, 2005 WW (mg/100g)  179 211.7    19  

 Current study WW (mg/100g) 10.8 20.9 12.1 3.3 16.2 10.0 8.5 4.2 
  DW (%) 0.13 0.19 0.09 0.04 0.18 0.13 0.15 0.08 

Potasium N. F. WW (mg/100g)    295 762 379 194 260 
 Pourshah-Abadi et al., 2019 DW (%)    2.71-3.2   3.84-4.6  

 Eissa and Al-Ahmary, 2005 WW (mg/100g)  470  574.7   178  

 

Discussion 

Cooked tilapia fillets cultured in the aquaponic system had 

high sensory quality with score of 4.5-4.9 from 5. They were 

evaluated as very good, in terms of color, texture, odor and 

taste. 

Tilapia fillets contained 27.43% of crude protein, which is 

more than the amount obtained for farmed tilapia in the 

earthen pond (Moradi et al., 2012). Examination of fatty 

acid profiles in farmed tilapia fillets indicated that oleic 

unsaturated fatty acids were most abundant. Palmitic acid 

was the most abundant saturated fatty acid found in fish 

fillets. There are usually 25-35% saturated, 15-40% 

monounsaturated and 51-38% polyunsaturated fatty acids in 

fish (Razavi-Shirazi, 2001; Nelson and Cox, 2005; 

Honeyfield, 1994) [48, 32, 22]. Fatty acids are in the same range 

in the current study. The frequency of saturated fatty acids 

including palmitic acid (C16), meristic acid (C14), stearic 

acid (C18) and arachidonic acid (C20) were about 39.25%. 

Unsaturated fatty acids (UFA) were about 60.75% of the 

total fatty acids. The prevalence of monounsaturated fatty 

acids (MUFA) including oleic acid (C18:1) and palmitoleic 

acid (C16:1) was 50.1%, and the PUFA, linoleic acid, was 

10.66%. The amount of UFA was different from the 

estimated values per 100 g of fillet and compared to the 

values taken from Nutritional Facts (Table 1). Different 

factors affect the fatty acid composition of different fish and 

most of the differences are due to nutritional factors. Fish 

farming conditions, nutrition and physiology have a 

http://www.multiresearchjournal.com/
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significant effect on the growth, tissue composition and fatty 

acids of muscle tissue. Fish food quality is one of the most 

important factors affecting the fillet composition of farmed 

fish, especially in late culture period. Breeders can change 

the fat composition of fish from one month before harvest. 

(Aras et al., 2003; Kinsella et al., 1978) [7, 25]. 

The protein content of plant products in the present study 

was higher than the Nutritional Facts amounts. Protein was 

7.1% (FW) of peppermint. In the studies of other 

researchers, percentage of protein has been reported 2.19 

(Mainasara et al., 2018) [28], 6-5 (Sadat and Ladan-

Moghadam, 2018) [52], 6-4.5 (Danaei and Abdousi, 2021) of 

peppermint in terrestrial cultivation. In the current study, the 

percentages of moisture, protein and fiber of green basil 

were 91, 6.1 and 17.2, and that of lettuce were 94.5, 5.3-1.2, 

18.5-12.7% wet weight, respectively. In other studies, these 

percentages are reported 85.8, 4.8 and 0.68 for green basil in 

land cultivation (Akah et al., 2017) [2], 13.5, 13.3 and 13.8 

for lettuce in land cultivation using different fertilizers 

(Sanni and Ewolu, 2015), respectively. 

The chlorophyll and proline amount of peppermint were 

obtained 3.71 and 0.44 mg/gfw. In one study, the 

chlorophyll and proline content of peppermint in soil culture 

under water salinity has been reported 10-15 and 10.5-5.5 

mg/gfw, respectively. With increasing salinity of water, the 

amount of chlorophyll decreases (Danaei and Abdousi, 

2021; Sadat and Ladan-Moghadam, 2018 [52]). In another 

study under salinity stress, the amount of chlorophyll and 

proline of peppermint were 4.5-3.6 and 1.12-0.3mg/gfw 

(Fathi et al., 2020) [17]. The total chlorophyll content in 

common mint was 2.57 mg/gfw. In a study of common mint 

at low sodium chloride concentrations, the amount of 

chlorophyll varied in the range of 8-50 mg/gfw and 

decreased with increasing salinity. Increasing salinity 

increases reactive oxygen species and ion density in the 

plant and consequently decreases chlorophyll. Similar 

results have been obtained for other plants such as lettuce 

(Safari Mohammadieh et al., 2015; Silavi and Eftekhari, 

2016 [58]). In the case of lettuce, the amount of chlorophyll 

1.2-0.7 mg/gfw has been reported in land cultivation 

(Mobeen et al., 2021) [31]. In the current study, the 

chlorophyll and proline contents of green basil were 2.57 

and 2.04 mg/gfw. In another study, the concentration of 

proline under water stress in green basil changed in the 

range of 0.14-0.9 mg/gfw (Zarei et al., 2019) [63]. In a study 

comparing some vegetables in soil and hydroponics 

cultivation, chlorophyll content in green basil and lettuce 

were obtained in the range of 4-12 and 7-13 mg/gfw 

(Pourshahabadi et al., 2019). In another study on soil 

cultivation of green basil under stress conditions, the amount 

of chlorophyll was 1.45-0.39 and proline 2.8-0.84 mg/gfw 

(Poursaeid et al., 2021) and in drought stress, proline 0.35-

0.24 mg/gfw (Hasani et al., 2003). Proline content of lettuce 

in the stress condition of contamination was 0.12-0.001 

mg/gfw (Haghighi et al., 2010) [19]. Proline of different 

lettuce cultivars in the present study was 3.1-1.24 mg/gfw. 

Chlorophyll is an indicator of plant photosynthetic power. 

Inappropriate environmental factors can lead to stress in the 

plant, of which light, drought, water salinity, ionic factors 

and pollution are the most important. High oxidative stress 

prevents the synthesis and accumulation of chlorophylls that 

absorb and use light. Chlorophyll concentration increases in 

response to low-level stress and decreases in response to 

high-level stress (Agathokleous et al., 2020) [1]. In a wide 

range of plant species, proline accumulation occurs in 

response to various types of environmental stresses. There is 

many evidence about positive correlation between proline 

accumulation and plant stress tolerance. Although proline 

acts as an osmolite, plays an important role during stress as 

a metal chelator and an antioxidant defense molecule. In 

addition, when exogenously applied at low concentrations, 

proline increases stress tolerance in plants. The role of 

proline in germination, flowering and other seed growth 

programs has also been demonstrated (Dar et al., 2016). 

Proline can be increased against environmental stresses as a 

protective substance to regulate osmosis. Accumulation of 

proline under stress can increase the antioxidant capacity of 

the plant and stabilize enzymes and proteins and neutralize 

hydroxyl free radicals. Failure to increase proline against 

stress indicates plant intolerance (Safari et al., 2015; 

Vendruscolo et al., 2007) [61]. The amount of chlorophyll in 

the products of the present study is not far from the results 

of other studies in terms of land cultivation. In the products 

of this study, peppermint, beet leaves, Swiss chard, 

watercress and celery had the lowest amount of proline, and 

at the same time, peppermint, beet leaf, Swiss chard were 

richer in chlorophyll. Lettuce and basil have higher levels of 

proline, and it can be inferred that these plants have been 

exposed to more severe environmental stress. Plant products 

of the present study in terms of chlorophyll content in 

comparison with the results of land crops of other 

researchers and values taken from 2021 

www.traditionaloven.com (Table 2), indicate the appropriate 

conditions for photosynthesis and quality of plants. 

In this study, the highest amount of nitrate was obtained in 

mint 7190 mg/kgdw (equivalent to 805 mg/kgfw) and nitrite 

in a lettuce cultivar 96 mg/kgdw (equivalent to 5.3 

mg/kgfw). The standard range of nitrate in mint is 3000 

mg/kg fresh weight (Hambridge, 2003) and in lettuce 4500 

mg / kg fresh weight (EFSA, 2008) [13] which indicates a 

large distance between the amount of nitrate in the samples 

of this study and threshold of unauthorized nitrate 

concentration. 

The permissible daily intake of nitrate and nitrite is 0.7-0 

and 0.06-0 mg / kg body weight, respectively (EFSA, 2008) 

[13]. Thus, for a 75 kg human being, the permissible daily 

intake of nitrate and nitrite will be about 278 and 4.5 mg, 

respectively. Therefore, according to the desired amount of 

vegetable consumption for each person 350-266 g/day (with 

an average about 300 g/day, (Ebadi, 2018) [12], and the 

findings of the present study, consuming the vegetables that 

had the highest amount of nitrite and nitrate in this study is 

still less than one third of the allowable limit and there is a 

long distance to the unauthorized limit. 

In several studies conducted in the country on the amount of 

nitrite and nitrate in various plant products of the soil 

cultivation system, the amount of nitrate has been reported 

in many cases above and beyond the allowable limit (Tables 

3 & 4). 

In lettuce grown in greenhouse conditions, plant access to 

sufficient light can be effective in increasing the health and 

nutritional value of the crop. In sufficient light, plant 

biomass increases, however nitrate concentration decreases. 

In conditions of low light, plant antioxidant compounds 

decrease (Stagnari et al., 2015). 

The levels of iron, calcium and potassium in plant products 

were compared with some other studies and the 

recommended amounts of Nutritional Facts (Table 5). In the 
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studied plant products, the amount of iron was high 

compared to other sources and the amounts recommended 

by Nutritional Facts and suitable for consumption. The 

amount of calcium and potassium in most vegetables was 

low and far from the desired amount and values obtained in 

other land cultivation and hydroponics studies 

(Pourshahabadi et al., 2019; Mainasara et al., 2018 [28]; Eissa 

and Al-Ahmary, 2005 [14]). To compensate for the lack of 

some minerals in aquaponic plant products, some ions such 

as iron are added to water or by foliar spraying. The exact 

amount of foliar application is defined for some ions and 

varies depending on the characteristics and conditions of 

each aquaponic package (Rakocy et al., 2004 & 2013; 

Treadwell et al., 2010; Roosta, 2014) [47, 46, 60, 51]. 

 

Conclusion 

Residues of pesticides and chemical fertilizers in inorganic 

agriculture have adverse effects on public health. Therefore, 

the development of production in the aquaponic system and 

the promotion of the use of healthy fish plant products of 

this system in order to promote nutritional health and 

promote food hygiene is recommended. Tilapia fillets were 

evaluated as highly desirable in terms of protein content and 

sensory factors of color, texture, odor and taste. In plant 

products, the amount of nitrite and nitrate was far below the 

permissible consumption threshold and the amount of 

protein and iron in plant products was high. Production in 

the aquaponic system takes place without the use of 

fertilizers and chemical pesticides, and as the results of this 

study showed, the fish and plant products are of good 

quality. 
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