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it eliminates the need for agricultural fertilizers and
pesticides. This study investigates the quality of red hybrid
tilapia (Oreochromis sp.) and various medicinal plants,

including peppermint (Mentha piperita), common mint

(Mentha sativa), oregano (Mentha pulegium), green and
purple basil (Ocimum basilicum), miniature basil (Ocimum
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operated at water salinity levels of 1.1 + 0.1 ppt, fish
production reached 53.3 kg/m? over a seven-month breeding

period. The plant production ranged from 0.64 to 2.30 kg/m?

monthly. The analyzed plants had iron levels ranging from
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Attribution  (CC  BY) license 0.44-3.70 mg/g and 2.49-5.10 mg/g, respectively. Nitrite
(https://creativecommons.org/license
s/by/4.0/).

Proline and chlorophyll concentrations were measured at

concentrations were found to be between 0.9 and 2.8 mg/kg,
while nitrate levels ranged from 56.6 to 805.3 mg/kg of fresh
plant weight, both significantly lower than permissible
thresholds. The total essential oil percentage in the examined
medicinal plants ranged from 0.11% to 0.82%, indicating the
presence of beneficial compounds. Overall, aquaponic
production can play a significant role in contributing to the
development of healthy food products in both the agriculture
and aquaculture sectors.
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Introduction
Aquaponics is a sustainable food
production technology that includes the
integration of the hydroponic system with
recycling aquaculture. In this system, the
metabolites produced from farmed fish are
removed from the environment by bacteria
present in food particles and those
associated with plant roots, through
nitration and absorption by plants, which
reduces the use of fertilizers (Hussain and
Brown, 2024;  Mudashiru, 2025).
Aquaponic systems offer a promising
solution to  address  contemporary
challenges in food production, especially in
the face of increasing food scarcity and
demand. This relatively new system has
been considered with the potential to
revolutionize agriculture, especially for
climate-vulnerable regions, in order to
achieve food security (Mishra ef al., 2024).
This technology has been experienced in
many regions of the USA under the United
States Department of Agriculture (USDA)
license, as part of the Good Agricultural
Practices Program (GAP'). It is also
implemented in Mexico, Canada, Asia and
Australia and is developing rapidly in
Europe. This system can be used from the
backyard level to commercial scale
(Somerville et al, 2014). The most
important advantages of aquaponic systems
are that agricultural chemicals and nitrogen
fertilizers are not used, water is recycled,
there is no effluent, and the products
produced are healthy (Pantanella and Colla,
2013).

! (https://www.ams.usda.gov/services/auditing/gap-
ghp/aquaponics)

To choose fish and plant species for
aquaponic production, climatic conditions,
light, and available energy reserves should
be considered. Generally, plants that are
grown hydroponically can also be produced
in an aquaponic system. Plant production
should be done according to the ability and
goal of the producer and the market for the
products (Karlsdottir, 2012).

Aquaponics is a relatively new
innovation in Iran, and research has been
conducted on the production of tilapia and
plants within this system (Rafiei and Saad,
2006; Rajabipour et al., 2017; Soltani,
2021; Javanmardi et al., 2022; Mashaii,
2023). In the studies of raising tilapia in the
aquaponic system at the National Research
Center for Saltwater Aquatics, rearing
tilapia fish with a variety of vegetables and
herbs was investigated (Rajabipour et al.,
2017), and the components of the
production of edible plants and fodder in
this system were defined (Mashaii, 2023).
Considering the health of the products
produced in this system, the production of
medicinal plants is of particular
importance. Because of the nutritional
value and medicinal properties of the sweat
of various types of mints, their
consumption has a wide range. Fennel
essential oil, especially anethol, is used in
the pharmaceutical, food and cosmetic
industries  (Ac¢imovi¢ et al., 2015,
Poonkodi, 2016). In the present study, the
quality of fennel and some Lamiaceae
plants and tilapia fish produced in an
aquaponic system have been considered.
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Materials and methods

An aquaponic system, in 15 m® of fish
breeding greenhouse space and 90 m? of
plant cultivation area on a floating bed, with
a water salinity of 1.1-2.6 ppt, was launched
at the National Research Center of
Saltwater Aquatics from June to December
2018, based on the University of the Virgin
Islands (UVI) aquaponics package (Rakocy
et al., 2004). Fries of red hybrid tilapia
Oreochromis sp. were stocked with a
density of 120/m* and fed with carp
fattening extrude feed containing 30%
protein, three times a day until satiety.
Peppermint (Mentha piperita), common
mint (Mentha sativa), oregano (Menthum
pulegium), green and purple basil (Ocium
basilium), miniature basil (Ocium basilium
minimum), and fennel (Foeniculum
vulgare) were cultivated.

The fish were harvested after a 7-month
cultivation period, and the plants were
harvested alternately after ripening. The
general composition of fish muscle tissue
and plants was investigated based on the
standard method of Association of official
analytical chemists (AOAC, 2015). The
carbon chain of fatty acids in fish muscle
tissue was examined by GC/MS using the
Acq method methyl ester according to the
instructions of the Iran National Standards
Organization (INSO 13126). The total
chlorophyll content in the leaves and stems
of plant products was measured using the
methods of Arnon (1949) and Lightenthaler
(1987), while proline levels were
determined following Mashayekhi and
Atashi (2016). Iron, calcium, and potassium
concentrations were measured using the
atomic absorption method described by

Ghazan-Shahi (2006) with a Phoenix-986
AA device.

The amount of nitrite and nitrate in plants
was determined by the diazo method
(Emami, 1996). Plant compounds were
measured in the Iran Research Institute of
Forests and Rangelands laboratories.
Essential oil analysis was performed by
Azma Nano System laboratory, licensed by
the Iran Food and Drug Administration,
using GC/MS with a capillary column
according to the guidelines of the Institute
of Standard and Industrial Research of Iran
(ISIRI 6117).

Results

The production of red tilapia in the 7-month
breeding period was 53.3 kg/m®. The
monthly  production of peppermint,
common, oregano, green basil, purple basil
and miniature basil were 2.3+0.9, 2.1+1.5,
1.9+1.4, 1.1£0.5, 0.1£0.64, 0.9£0.6 kg/m?,
respectively.

The percentage of protein, fat, and ash in
red tilapia fish fillet was 27.43, 7.5 and
4.18, respectively. Fatty acid profiles with
C14 to C20 chains of cultured tilapia fish
muscle tissue (and values taken from
Nutritional Fact, N.F.) are shown in Table
1. The amount of moisture, protein, proline
and chlorophyll in the examined medicinal
plants is listed in Table 2. The
concentration of nitrate and nitrite in plant
products is shown in Table 3. The amounts
of iron, calcium, and potassium are shown
in Table 4.

The essential oil in peppermint was
0.73% one month after germination and
1.36% three months after the last harvest, in
common mint, 0.11%, oregano, 0.36%,
common green basil, 0.82%, miniature
basil, 0.35% and in fennel, 0.43%, about
one month after the last harvest.
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Table 1: Content of fatty acids in farmed tilapia fillets of the present study and Nutritional Fact (N.F.)

values.
Present study N.F.
Fatty acid
% (g/100g) (g/100g)
Meristic acid C14:0 2.89 0.22 0.05
Palmitoleic acid Cle6:1 5.32 0.40 0.10
Palmitic acid C16:0 28.80 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: Content of chlorophyll and proline (mg/g), percentage of moisture and protein of plants in the

present study.
Moisture (%)  Crude protein (%)  Total chlorophyll (mg/g) Proline (mg/g)

Peppermint 91.8 7.11 3.71 0.44
Common mint 88.8 6.30 2.57 3.22
Oregano 86.9 5.05 2.49 1.76
Green basil 91.0 6.11 2.57 2.04

Purple basil 91.8 10.25 - -
Fennel 89.0 8.47 5.10 3.70

Table 3: Amount of nitrate and nitrite (mg/kg) in dry weight /wet weight in the plants of the present study.

nitrate and nitrite Peppermint Common mint Oregano Green basil Purple basil Fennel

(mg/kg)
Nitrate DIy weight 1106 7190 1004 874 690 810
Wet weight 90.7 805.3 131.5 78.7 56.6 89.1
... Dry weight 34.0 22.0 8.0 10.0 24.0 8.0
Nitrite  t weight 2.8 2.5 1.0 0.9 2.0 0.9

Table 4: Amount of iron, calcium and potassium (mg/100g of fresh weight) and percentage of potassium
based on dry weight in the plants of the present study

Fe Ca K
Wet weight (mg/100g) ‘Zﬁfg/v;gi)ggl;t ‘Zﬁfg/vilgl(;ggl;t Dry(zz)e)ight

Peppermint 20.4 1.3 10.8 0.13

Common mint 12.3 11.1 20.9 0.19

Oregano 25.7 24.6 12.1 0.09

Green basil 16.7 34 33 0.04

Fennel 34.1 2.5 30.0 0.27
The percentage of essential oil compounds e Peppermint (more than 3 months after
in the plants was as follows: the last harvest): menthol (57.23%), iso-
e Peppermint (one month after menthone (19.90%), menthyl acetate
germination): menthol (38.9%), (5.97%) percent; menthone (5.55%),

menthone  (30.1%),  iso-menthone limonene (2.24%);

(9.4%), menthofuran (3.5%), methyl e Common mint: carvone (46.5%),

chavicol (3.0%); pulegone (25.6%), limonene (3.6%),
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germacrene D (2.4%), iso-menthol
(2.4%);

e Oregano: pulegone (67.2%), menthone
(7.4%), iso-menthone (7.1%), (E)-
caryophyllene  (2.6%), 1,8-cineole
(2.4%);

e Green basil: methyl chavicol (34.8%),
epi-a-cadinol (6.4%), linalool (5.8%),
germacrene D (5.4%), trans-a-
bergamotene (4.6%);

e Miniature basil: methyl chavicol
(66.9%), (E)-caryophyllene (6.9%), -
bisabolenel (E)-(5.1%), germacrene D
(3.0%), methyl eugenol (2.9%);

(72.2%),

limonene (12.2%), methyl chavicol

(3.9%), p-cymene (2.2%), fenchone

(2.0%).

e Fennel: trans-anethole

Discussion

Examining the general composition of fish
fillets showed 27.43% crude protein. The
amount of protein in tilapia fish fillets
cultured in earthen ponds has been reported
from 19% (Morady et al., 2012) to over
30% (Opiyo et al., 2014). Analysis of the
profile of fatty acids in farmed tilapia fillets
indicates that oleic unsaturated fatty acid
was the most abundant. Palmitic acid was
the most abundant saturated fatty acid
found in fish fillets. The abundance of
saturated fatty acids such as palmitic acid
(C16), myristic acid (C14), stearic acid
(C18) and arachidic acid (C20) was about
39.25%. Unsaturated fatty acids included a
total of about 60.75% of the abundance of
fatty  acids.  The
monounsaturated fatty acids, including

abundance of

oleic acid (C18:1) and palmitoleic acid
(C16:1), was 50.10%, and linoleic acid,

which is a polyenoic unsaturated fatty acid,
was 10.66%. The amount of unsaturated
fatty acids differed from the estimated
values presented in the Nutritional Facts
(Table 1). The main differences in the
amount of fatty acid composition in
cultured fish are the result of nutritional
factors. Breeders can alter the fat
composition of fish as early as one month
prior to harvest (Kinsella et al., 1978; Aras
et al., 2003). Fish fillets usually have 25-
35% saturated, 15-40% monounsaturated
fatty acids (MUFA) and 38-51% polyenoic
Fatty acids (Razavi-Shirazi, 2001), which
in the present study are also in the same
range.

Results of examining the general
composition of plants (Table 2) showed that
the amount of protein was higher than the
values presented by Nutritional Facts.
Protein was found to be 7.1% of fresh
weight in peppermint. Peppermint protein
in ground cultivation has been recorded at
2.19% (Mainasara et al., 2018), 5-6%
(Sadat and Ladan-Moghadam, 2018), 4.5-
6% (Danaee and Abdossi, 2021), and in the
USDA food data, it has been reported at
3.75%. The protein content of green basil
was 4.8% (Akah et al., 2017), and it is
declared to be 3.15% in N.F., while it was
found to be 6.1% in the present survey. The
protein content in fennel was 8.47% in the
present study, but in N.F., it has been
declared to be 1.24%.

The chlorophyll of peppermint was
obtained at 3.71 mg/g of fresh weight, and
proline was 0.44 mg/g of fresh weight. The
amount of chlorophyll of peppermint in soil
culture under water salinity conditions was
obtained as 10-15 mg/g of fresh weight, and
proline was about 5.5-10.5 mg/g of fresh
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weight. As water salinity increases, the
amount of chlorophyll decreases (Danaee
and Abdossi, 2021). In another study, under
salinity stress, the amount of chlorophyll
was reported to be 3.6-4.5 mg/g of fresh
weight and proline 0.30-1.12 mg/g of fresh
weight (Fathi et al., 2020). In the present
study, the amount of total chlorophyll in
common mint was 2.57 mg/g of fresh
weight. In a study on common mint under
conditions of low sodium chloride
concentration, the amount of chlorophyll
changed in the range of 8-50 mg/g of fresh
weight and decreased with increasing
salinity. An increase in salinity causes an
increase in oxygen reaction and the
concentration of ions in the plant, and
subsequently a decrease in chlorophyll
(Sultana et al., 1999). In this study, the
concentration of chlorophyll and proline
was 2.57 and 2.04 mg/g of fresh weight in
common green basil. In another study, the
concentration of proline in common green
basil was obtained 0.14-0.90 mg/g of fresh
weight under water stress conditions (Zarei
et al., 2019). In a study comparing some
vegetable qualities in soil and hydroponic
cultivation, the chlorophyll content of green
basil and lettuce has been reported as 4-12
and 7-13 mg/g of fresh weight, respectively
(Poorshahabadi et al., 2019). In another
study about green basil under pollution
stress in soil cultivation, the amount of
chlorophyll was obtained 0.39-1.4 and
proline 0.84-2.8 mg/g of fresh weight
(Poursaeid et al., 2021). The most
important environmental factors that can
lead to stress in plants are light, drought,
water salinity, ionic factors, and pollution.
Chlorophyll concentration increases in
response to low-level stress and decreases

with high-level stress (Agathokleous et al.,
2020). In many plant species, proline
accumulation occurs in response to various
types of environmental stress. When
proline is applied exogenously at low
concentrations, it increases stress tolerance
in plants (Dar et al., 2016). The amount of
chlorophyll in the products of this study is
not far from the results of other studies
under land cultivation. In this study,
peppermint had the lowest amount of
proline, and at the same time, it was richer
in chlorophyll. The amount of proline in
fennel is high, and it can be concluded that
it was under severe environmental stress. It
has been found that the fennel accumulates
prolines to combat drought stress
(Geravand, 2016).

The highest amount of nitrate was
observed in mint as 7190 mg/kg of dry
weight (equivalent to 805 mg/kg of fresh
weight), and nitrite in peppermint as 34
mg/kg of dry weight (equivalent to 2.8
mg/kg of fresh weight) (Table 3). The
amount of nitrate in ground cultivation of
mint has been reported 546 mg/kg of fresh
weight and 5068 mg/kg of dry weight
(Shahbazzadegan et al., 2019), 311-1154
mg/kg of fresh weight (Kiani and
Gheytasim, 2015), 112-138 mg/kg of fresh
weight (Tabande and Zarei, 2018), 48-90
mg/kg of fresh weight. The standard range
of nitrate in leafy vegetables is 1000 mg/kg
of fresh weight. Even though it is
considered up to 3000 mg/kg of fresh
weight for mint (Ali et al., 2021), which
indicates there is a large gap between the
amount of nitrate in the samples of this
study and the threshold of unpermitted
nitrate concentration.



Iranian Journal of Fisheries Sciences 25(2) 2026 323

The amount of nitrate in ground cultivation
of green basil has been reported 184 mg/kg
of fresh weight and 3765 mg/kg of dry
weight (Shahbazzadegan et al., 2019),
1363-2442 mg/kg of fresh weight (Kiani
and Gheytasim 2015), 1015 mg/kg of fresh
weight (Tabande and Zarei, 2018); in
purple basil 345 mg/kg of fresh weight and
2162 mg/kg of dry weight
(Shahbazzadegan et al., 2019), 1185-3701
mg/kg of fresh weight (Kiani and
Gheytasim 2015), and in fennel 650-3767
mg/kg of fresh weight (Koudela and
Pettikova, 2008).

In this study, the highest amount of
nitrite was found in peppermint and the
lowest amount in oregano and fennel (Table
3). The concentration of nitrite in ground
cultivation of green basil has been reported
0.2-1.3 mg/kg of fresh weight, in common
mint 0.5-5.2 mg/kg of fresh weight, in
purple basil 0.3-1.7 mg/kg of fresh weight
(Kiani and Gheytasim, 2015), in oregano
1.1-3.1 mg/kg of fresh weight (Pirsaheb et
al., 2012). It has been reported to be 0.82-
1.64 mg/kg of dry weight in common mint
(Alemzadeh-Ansari et al., 2019).

The permissible limit of daily intake of
nitrate and nitrite is 0-3.7 and 0-0.06 mg/kg
body weight of each person, respectively
(EFSA, 2008). Thus, for a 75 kg person, the
daily intake of nitrates and nitrites will be
about 278 and 4.5 mg, respectively.
Therefore, based on the optimal amount of
vegetable consumption for each person as
266-350 g/day, and the per capita amount
that is less than this amount (Ebadi, 2017),
according to the findings of the present
study even if only the vegetable that has the
most nitrites and nitrates is consumed, it is

still less than a third of the permissible limit
and far from the unauthorized threshold.
Iron content has been reported 5.05
mg/100g of fresh weight (USDA) in
peppermint, 3.17 mg/100g of fresh weight
(N.F.) and 13.7 mg/100g of fresh weight in
green basil, 13.4 mg/100g of fresh weight
in common mint (Eissa and AL-Ahmary,
2005) and 0.73 mg/100g of fresh weight
(N.V.) in fennel. The amount of iron in
oregano has been reported to be 36.8
mg/100g of dry weight (USDA), while in
the present study, it was 25.7 mg/100g of
fresh weight, equal to 196 mg/100g of dry
weight (Table 4). The iron concentration in
the surveyed plants in the present study is
higher than the mentioned values. Calcium
content is given in peppermint 243
mg/100g of fresh weight (USDA), in green
basil 177 mg/100g of fresh weight (N.F.),
in common mint 179 mg/100g of fresh
weight (Eissa and AL-Ahmary, 2005), in
fennel 49 mg/100g of fresh weight (N.V.)
and 5.6-36.3 (Koudela and Petiikova,
2008), and oregano 211.7 mg/100g of fresh
weight (Eissa and AL-Ahmary, 2005) and
1.6 mg/100g of dry weight (USDA).
Potassium content has been reported 569
mg/100g of fresh weight in peppermint
(USDA), in green basil 295 mg/100g of
fresh weight (N.F.) and 574.7 mg/100g of
fresh weight, in common mint 470 mg/100g
of fresh weight (Eissa and AL-Ahmary,
2005), in fennel 414 mg/100g of fresh
weight (N.V.) and 424-585 mg/100g of
fresh weight (Koudela and Petiikova,
2008), and in oregano 1.26% dry weight
(USDA). In the present study, the amount
of iron was high and favorable for
consumption compared to other sources
and the amounts recommended by
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Nutritional Facts. The amount of calcium
and potassium was low and far from the
optimal amount, and the values obtained in
other studies (Table 4). To compensate for
the lack of some minerals in aquaponic
plant products, some ions such as iron can
be added to the water and leaf spraying may
be done. The exact amount of foliar
spraying is defined for some ions and not
specified for some others, and varies
depending on the characteristics and
conditions of each aquaponic package
(Rakocy et al., 2004; Treadwell et al.,
2010).

In this study, the essential oil in
peppermint one month after germination
was 0.73%, and in peppermint three months
after the last harvest, it was almost doubled
to 1.36%. In other studies, the essential oil
value of soil-cultivated peppermint has
been reported as 1% (Benabdallah et al.,
2018) and 3.7% (Mimica-Duki¢ et al.,
2003). Menthone and menthol are some of
the most important and practical
components of essential oils in mints. In
peppermint essential oil composition, the
amount of menthol was 38.92-57.23% and
menthone was 5.55-30.08%, thus in the
range or more than some researchers'
findings for soil-cultivated peppermint
samples. In a study in Serbia, the amount of
menthol and menthone in peppermint plant
essential oil in soil culture has been
reported as 39.6% and 8.9%, respectively
(Mimica-Duki¢ et al., 2003). The amount
of menthol in peppermint grown in soil in
different regions of Iran has shown 34.4-
56.4% (Yazdani et al., 2002). In a survey,
with the use of biological fertilizers for
peppermint, the amount of menthol was 28-
40% and in the control sample without

fertilization, it was 27%. The amount of
menthone was 15-20% and in the control
sample, it was about 15% (Mehrafarin et
al., 2011). Regarding the performance of
peppermint essential oil, it is suggested to
use water with an electrical conductivity of
less than 2 mm/cm for cultivation, because
it seems that the performance of the
essential oil in higher values of the
electrical conductivity of the water will
reduce (Ghorbani et al., 2018). In this
study, the essential oil in common basil was
0.82%, which seems favorable. In some
studies, the essential oil of common basil in
land crops has been reported at 0.7% (de
Oliveira et al., 2013), under brackish water
stress conditions, 0.36% and less than 0.8%
(Khalid, 2006; Bione et al., 2014).
Common green basil, O. basilicum, is
divided into four groups based on the
composition of essential oil components
and the richness of the following four
compounds: methyl chavicol, linalool,
methyl eugenol and methyl cinnamate
(Klimankova et al., 2008; Bione et al.,
2014). As the results showed, the basil
examined in this study was in the first
category and rich in methyl chavicol.
Similar results have been reported in the
study of green basil essential oil in Iran and
India  (Poonkodi, 2016;  Sharafati-
Chaleshtori et al., 2018). The results of a
study about the performance of common
green basil essential oil in the hydroponic
system in brackish water treatments have
shown that, with an increase in water
salinity, the main component of the
essential oil, which included methyl
cinnamate, increased significantly (Bione
et al.,2014). The essential oil of oregano in
the present study obtained 0.36%, which is
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lower than the results of its land cultivation
study of 1.8% (Benabdallah et al., 2018)
and 5.4% (Bouyahya et al., 2017). In the
present study, pulegone, the most common
composition of oregano essential oil, was
62.2%. The amount of this compound in the
studies of other researchers in the field of
cultivation of oregano has been reported as
2.3% (Mahboubi and Haghi, 2008), 23.2%
(Teixeira et al., 2012), 40.98% (Bouyahya
et al., 2017), 74.8% (Bekka-Hadji et al.,
2022), and 85.5% (El Arch et al., 2003).
Pulegone is a potent antioxidant and anti-
inflammatory compound with many
pharmacological applications, with toxic
and carcinogenic  properties = when
consumed orally, and therefore, its oral use
should be accompanied by considerations
(Jabba and Jordt, 2019). The essential oil in
the stem and leaves of fennel in the present
study was 0.43%, which is within the
expected and desirable range. In ground
cultivation of fennel, the essential oil in
flowering branches and aerial parts has
been reported to be 2.3% (Sefidkon, 2001)
and 0.20-0.29% (Miguel et al., 2010),
respectively. The amount of trans-anethole,
the most important effective compound of
fennel essential oil in the stem and leaves,
was more than 72.2%, which is favorable.
The amount of this compound in different
parts of fennel has been reported in other
studies as 31-83.4% (Sefidkon, 2001;
Miguel et al., 2010).

Overall, tilapia fish and plants produced in
the aquaponic system had desirable quality,
and medicinal plants were desirable in
terms of percentage and composition of
essential oil.

Conclusion

In the medicinal plants studied, the
percentage and composition of essential
oils are desirable, the amount of protein and
iron is high, and the amount of nitrite and
nitrate is much lower than the permissible
consumption threshold. Foliar spraying can
be used to compensate for the deficiency of
some minerals in the plants. Considering
the health of the products of the aquaponic
system, it is a suitable option for the
production of medicinal plants. The
residues of agricultural chemicals and
mineral fertilizers have adverse effects and
consequences on health. Production in the
aquaponic system is carried out without the
use of chemical fertilizers and pesticides,
and the development of production in this
system and the promotion of the use of
healthy fish and plant products are desirable
in line with nutritional health and
improving food hygiene. To produce better
quality farmed fish, the use of high-quality
feed and attention to diet, especially in the
last month of cultivation, is recommended.
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