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This study intends to evaluate the variations of the proximate nutritional 
makers of some plant samples [red chili (RCH) fruit, red tomato (RTO) fruit, 
green spinach (GSP) leaf, and green lettuce (GLE) leaf] from aquaponics 
farming in relation to seasons. The research was carried out for the duration 
of four (4) periods (winter, spring, summer, and autumn). The proximate 
nutritional parameters determined were total moisture (TMO), crude ash 
(CAS), crude fiber (CFI), total carbohydrate (TCA), and soluble protein (SPR). 
The CAS, CFI, TCA, and SPR levels of the RCH, RTO, GSP, and GLE plant 
materials are significantly (P<0.05) difference among seasons. The CAS, CFI, 
TCA, and SPR amounts of each experimental plant materials increases 
significantly (P<0.05) in the summer in comparison to winter, spring, and 
autumn. However, the TMO content of above plant samples was detected to 
increase significantly (P<0.05) in the winter season. The findings of this 
research indicated that shifts in the seasonal factors such as temperature, 
solar intensity, and daylight length have revealed differences in the 
proximate nutritional indices of the study plant materials from aquaponics 
farming.* CONTACT

labaranibrahim80@gmail.com

Citation: Ibrahim, L. (2024). Effect of seasonal shift on the proximate nutritional composition of some plant materials from the 
aquaponics farming. Turkish Journal of Food and Agriculture Sciences, 6(2), 116-126.

ORCİD> 0000-0003-2618-5931 (LI)

116

Turkish Journal of Food and Agriculture Sciences

https://doi.org/10.53663/turjfas.1420375
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://orcid.org/0000-0003-2618-5931


Ibrahim

1. Introduction

The aquaponics system is a sustainable farming method for the simultaneous production of fish and plants 
(Diver, 2006). Globally, the system is gaining recognition towards achieving sustainable food production to 
revert hunger and starvation, malnutrition, and poverty in urban and rural communities (Love et al., 2015). 
Hence, this farming method could be of great advantage to the African countries with limited resources for 
agricultural production (Mchunu, 2018). The technology is new to the African countries, with a few cited 
research articles on the theme (Obirikorang et al., 2021). From an international survey carried out in 2014 on 
this technology, responses were only received from South Africa and Ghana (Love et al., 2015). From the 15 
African nations, the total published articles in aquaponics studies were 82. Egypt, South Africa, and Kenya 
appear to have widely adopted the technology, with 23, 20, and 14 published research papers, respectively. 
Nigeria had 9 articles, and the remaining countries had between 1 and 3 articles (Obirikorang et al., 2021).

The system could provide a solution to the majority of problems associated with food supply to feed the 
growing populace (Castro et al., 2006; Diver, 2006). The farming system can enable the production of more 
plants per square foot due to closer the proximity of planting compared with conventional practice that needs 
large tracts of land (Rakocy and Hargreaves, 1993). In addition, roots absorb required nutrients without 
competition with non-edible plants such as weeds in comparison to traditional agricultural method that 
requires fertilizer application (Savidov, 2004; Savidov and Hutchings, 2005). Also, the technology is usually 
set up in a greenhouse to limit the adverse effects of pests, and insects to promote rapid growth rates, high 
yields, and more nutritious products (Blidariu and Grozea, 2011; Brook, 2017). Furthermore, the system has 
the potential to offer a lasting solution to most of the issues of phosphorus, nitrogen runoff, and 
environmental pollution linked to traditional farming operation (Timmons et al., 2002; Flavius and Grozea, 
2011).

The selection of the experimental plant materials (red chili fruit, red tomato fruit, green spinach leaf, and 
green lettuce leaf) is mainly because of their nutritional constituents. They are also among the most 
commonly grown and regularly consumed fruit and leafy plants globally.

Mudzengi et al. (2020) and Castro et al. (2021), reported the relationship between plants and seasonal 
variations in semi-arid zones. To another report, productivity and constituents of plants are determined by 
group of factors such as change in climate (Herrera et al., 2017). Additionally, Adeyeye (2005) cited that the 
growth and development of crops were often influenced by changes in the weather factors such as 
temperature and intensity of solar radiations. Therefore, this study intends to find out and describe the 
impacts of seasonal shifts on the proximate nutritional properties of red chili fruit, red tomato fruit, green 
spinach leaf, and green lettuce leaf plant materials from aquaponics farming.

2. Materials and methods

2.1. Study site, system setup, and operation

The experimental aquaponics system was located in Makhanda, Eastern Cape of South Africa. The study was 
conducted for consecutive four (4) seasons (winter, spring, summer, and autumn). The investigation 
commenced in the winter, from the 29th of June 2020 to the 31st of August 2020. The spring research was 
carried out from the 3rd of September 2020 to the 30th of November 2020. The summer experiment began from 
the 3rd of December 2020 to the 1st of March 2021. Finally, the autumn evaluation started on the 4th of March 
2021 and ended on the 27th May 2021.

The aquaponics system setup was as a coupled commercial system enclosed in a greenhouse and only 
exposed to ambient sun light. It consisted of 4 × 1,500 L fish water tanks; 2-sump tanks (1 × 1,500 L; 1 × 500 L), 
each with an associated submersible pump (SOBO®, WP-7000, 105W, 5000L/H); 20 × 400 L flood-and-drain 
gravel stones media beds; and 24 × 900 L deep-water culture tanks. PVC pipes connected the system's 
components to form a closed loop. The fish tanks and sumps were placed in a separate housing unit within 
the aquaponics greenhouse.
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The water from the 4-fish tanks first flowed to the single sump tank (1 × 1,500 L) by gravity, then pumped to 
gravel stones media beds. As the water volume in flood and drain media beds reached its highest level, it 
drained into deep-water hydroponics tanks by gravity through PVC pipe outlets. Water from the deep-water 
culture tanks was all fed directly into the second single sump (1 × 500 L), which was eventually delivered to 
fish rearing tanks, thus, completing a cycle. The flood-and-drain system was maintained by bell siphons 
installed in each gravel stones media bed.

2.2. Plant materials, supplementation, and water replacement

In this study, the plant materials used were Bird's eye red chili (Capsicum frutescens L.) fruit, red cherry tomato 
(Solanum lycopersicum) fruit, green Silver-beet spinach (Spinacia oleracea) leaf, and green Locarno lettuce 
(Lactuca sativa L.) leaf. The research plants were collected each season for nutritional composition assessment. 
The red chili fruit was obtained from gravel stone media-bed I and II, denoted by GMB-I and GMB-II. 
Besides, each red tomato fruit and green spinach leaf was collected from gravel stone media-bed III and IV 
(GMB-III and GMB-IV), respectively. Nevertheless, the green lettuce leaf was acquired from a polystyrene 
sheet on deep-water culture-1 (DWC-1).

The supplementation (iron-chelating, buffering, and manufactured organic food addition) and water 
replacement were made to the system over the study period. During the winter season, on the 3rd of July 2020, 
13th of July 2020, and 17th of August 2020; iron chelate (500 g), calcium hydroxide (450 g), and potassium 
hydroxide (450 g) were added to the system through the sump, respectively. Furthermore, in the spring, on 
the 10th of September 2020, 10th of October 2020, and 22nd of October 2020; 2.0 L of Sea-Grow (manufactured 
organic plant food), 1000 L of fresh rainwater stored in the reservoir, and 2.0 L of Sea-Grow were added. In 
addition, during the summer period, 1000 L of fresh rainwater, 2.0 L each of Sea-Grow and Sea- Brix 
(manufactured organic plant foods), and 500 g of iron chelate were added to the system on the 5th of 
December 2020, 14th December 2020, and 22nd January 2021, respectively. Finally, in the autumn season, 
neither supplementation nor water replacement was made to the aquaponics system.

2.3. Chemical reagents and apparatus

The chemical reagents used were sodium hydroxide (Merck, Batch No. MB1M610352), concentrated sulfuric 
acid (Merck Chemicals, Batch No. 42980), HPLC-grade methanol (Merck, CAS-No. 67-56-1, Germany), 
glucose (Merck Chemicals, Germany), lead acetate (Sigma Aldrich, CAS Number: 546-67-8), bovine serum 
albumin (Sigma Aldric, CAS No. 9048-46-8), and Bradford reagent (Sigma Life Science, Lot No. SLBP3810V). 
The equipment included Benchtop laboratory oven (Labcon laboratory equipment, Krugersdorp, South 
Africa), muffling furnace (Gallenkamp muffle furnace, REX C900, England), refrigerated centrifuge (Heraeus 
Megafuge 1.0R, Germany), Epoch UV-vis microplate reader spectrophotometer (EPOCH2C, Bio-Tek 
Instruments, Inc., USA), analytical balance (RADWAG, 220 g × 0.1 mg, Model, AS/220/C/2, Poland), silica 
crucible dishes, Büchner funnel, moisture dishes, desiccator, and heating plate (Fied Electric, Model MI-4, 
Haifa, Israel). The consumables were Milli-Q water (EMD-Millipore machine Model 13681), Whatman filter 
paper (125 mm, 11 µm, Maidstone, England), and Eppendorf tubes.

2.4. Total moisture determination

2.4.1. Experimental procedure 

The total moisture determination was carried out per the method of International Association of Official 
Analytical Chemists (AOAC, 2005). Moisture dishes were washed with Mili-Q water, oven-dried at 105 °C for 
3 h, cooled in a desiccator for 30 min, and weighed (W1). Different weights (1, 2, and 3 g) of each plant 
material (red chili fruit, red tomato fruit, green spinach leaf, and green lettuce leaf) were added into moisture 
dishes and weighed (W2). The moisture content of each plant sample was obtained by constant weight drying 
for 12 h at 105 °C Each sample was then cooled in a desiccator for 30 min and weighed (W3). The percentage 
of total moisture was calculated using the following relations:

% Total moisture =
W2 −W3

W2 −W1

× 100
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Where: W1 = initial weight of empty moisture dishes 

             W2 = weight of moisture dishes + samples before drying

             W3 = Final weight of moisture dishes + samples after drying

2.5. Crude ash determination

2.5.1. Experimental procedure 

The procedure was conducted as described by the International Association of Official Analytical Chemists’ 
method (AOAC, 2005). Empty crucibles were weighed (W1). Various weights (1, 2, and 3 g) of each 
previously oven dried (105 °C for 3 h) plant material (red chili fruit, red tomato fruit, green spinach leaf, and 
green lettuce leaf) was added into crucibles and weighed (W2). They were incinerated in a muffle furnace at 
550 °C for 6 h, allowed to cool in a desiccator for 1 h, and weighed (W3). The percentage of crude dry ash was 
determined as follows:

% Crude Ash =
W3 −W1

W2 −W1

× 100

Where: W1 = weight of empty crucibles

             W2 = weight of crucibles + samples before incineration

             W3 = weight of crucibles + samples after incineration

2.6. Crude fiber analysis

2. 6.1. Experimental procedure 

The crude fiber analysis was done as explained by the method of International Association of Official 
Analytical Chemists (AOAC, 2005). Different weights (1, 2, and 3 g) of each previously oven dried plant 
material (red chili fruit, red tomato fruit, green spinach leaf, and green lettuce leaf) were weigh out (W1) and 
placed in round bottom flasks. To each plant sample in the round bottom flask, 100 mL sulphuric acid 
solution (0.25 M) was added. Each mixture was boiled under reflux for 30 min with continuous swirling. Each 
mixture was then filtered under suction using a Buchner funnel. The insoluble fiber (residue) of each plant 
sample was washed thoroughly with boiling Milli-Q water until acid-free. The acid-free insoluble residue of 
each plant was transferred to a second round bottom flask and 100 mL of 0.30 M sodium hydroxide solution 
was added. Each mixture was boiled under reflux for 30 min with continuous swirling. Each mixture was 
then filtered with a Whatmann No. 1 filter paper under suction and washed with boiling Milli-Q water until 
base-free. Each insoluble residue was air-dried in an oven at 105 °C for 3 h, cooled in a desiccator for 30 min, 
and weighed (W2). Finally, each dried residue was incinerated at 550 °C for 6 h in a muffle furnace, cooled in 
a desiccator, and weighed (W3). The percentage crude fiber content was calculated using the formula:

%Crude Fiber =
W2 −W3

W1
× 100

2.7. Total carbohydrate determination

2.7.1. Sample extraction 

Each plant sample extraction was carried out as reported by Mannem et al. (2012), with modification in 
sample weight and volume of methanol added. To each 10 g of multiple dried sample, 50 mL of 80% HPLC-
grade methanol was added. Each mixture was  boiled on a heating plate for 5 min and allowed to stand for 30 
min to complete extraction. Each extract was filtered through Whatman No. 1 filter paper. The various 
filtrates were oven dried at 70 °C to remove methanol. To generate a 1.0 mg mL-1 sample solution, 1 mg of 
each residue was dissolved in 1.0 mL of 0.1 M Lead acetate (clarifying agent) solution and vortexed. Each 
solution was then centrifuged at 2,000 RCF × g for 5 min. Lastly, the supernatant of each sample solution was 
diluted with Milli-Q water in a ratio of 1:25 and determined for total carbohydrate content.
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2.7.2. Standard preparation

A glucose stock solution was prepared by dissolving 5.0 mg of glucose crystals in 1.0 mL of Milli-Q water. A 
working standard solution of 500 µg mL-1 was generated from the stock. Different concentration values of 25, 
50, 100, 200, and 300 µg mL-1 were made from the working standard by dilution with Milli-Q water.

2.7.3. Experimental procedure 

The procedure was conducted as reported by Albalasmeh et al. (2013). This procedure is analogous to the 
phenol–sulfuric acid method of DuBois et al. (1956). An aliquot of 250 µL of each sample solution was mixed 
with 50 µL of ice-cooled concentrated sulfuric acid (98.9%). Each reaction mixture was then vortexed for 30 s 
and incubated for 2 min at room temperature (25±5 °C). The absorbance of each reaction mixture was read at 
315 nm against a reagent blank, using a 96-well plate reader.

2.8. Soluble protein determination

2.8.1. Sample extraction 

Protein extraction from each plant material was done as reported by Barman et al. (2015), with modifications 
in sample weight and volume of phosphate buffer added. To 1.0 g of each multiple dried sample, 25 mL of a 
cold phosphate buffer (0.1 M, pH 7.4) was added. Each sample mixture was kept overnight at 4 °C to extract 
the protein completely. The various samples were centrifuged (4,000 RCF × g) at 4 °C for 20 min and filtered 
with Whatman No. 1 filter paper. 

2.8.2 Standard preparation

To 5 mg of bovine serum albumin crystals, 1.0 mL of distilled water was added to produce a stock solution of 
5 mg mL-1.  A standard working solution of 500 µg mL-1 was generated from the stock solution. Different 
concentration levels of 50, 100, 200, 300, 400, and 500 µg mL-1 were made from the working standard by 
dilution with Milli-Q water.

2.8.3. Experimental procedure

The assay was performed as described by Bradford (1976). To 200 µL of each sample extract, 1.20 mL of the 
reagent (Bradford reagent) was added and mixed. Each sample mixture was allowed to stand for 15 min at 
room temperature (25±5 °C). The absorbance of each mixture was read at a wavelength of 595 nm against the 
reagent blank using a 96 well plate reader.

2.9. Statistical analysis

All data obtained from this research were statistically evaluated with repeated-measures analysis of variance 
(RM ANOVA). The level of significance applied was 5%. As the RM ANOVA revealed a significant difference 
among seasons, a post-hoc test using unpaired student's t-test is performed to detect the position where the 
significant difference between seasons occurred.

3. Results and discussion

Tables 1 to 5 depict the results for the total moisture, crude ash, crude fiber, total carbohydrate, and soluble 
protein contents, respectively, of the plant materials for the comparative seasonal research.

3.1. Total moisture

In this research, the total moisture (TMO) level of the red chili (RCH) fruit (fresh weight basis) indicated no 
significant (P>0.05) different  in the winter, spring, and autumn, however, statistically different in the summer 
period. (Table 1). There was a notable significant (P<0.05) variation in the TMO of the red tomato (RTO) fruit 
among the comparative four (4) seasons (Table 1). The TMO of the green spinach (GSP) leaf and green lettuce 
(GLE) leaf were significantly (P<0.05) varied among the winter, spring, and summer. The TMO of the GSP 
and GLE detected in autumn were similar to those obtained in the summer and spring (Table 1). In this 
research, the winter indicated the highest TMO for the RCH, RTO, GSP, and GLE plant materials (Table 1).
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There were no reports on the influence of seasonal changes on the TMO level of the RCH, RTO, GSP, and 
GLE plant materials. Notwithstanding, the TMO level of the RCH fruit of the present work was lower than 
the finding (93.00±1.80%) of Dalhatu et al. (2018) of the Nigerian Capsicum annum from open and solar drying. 
Likewise, the observed TOM level for the RTO fruit was lower compared with the reported value 
(93.50±0.21%) by Hanif et al. (2006). The TMO content of the GSP leaf of this research was compatible with the 
cited value (94.20±0.04%) of Singh and Sehgal (2001). However, higher than the reported level (81.72±0.40%) 
from soil farming method by Sani et al. (2011). Nevertheless, the TMO of the GLE leaf of this study was lower 
than the amount reported for different cultivar from rainy (12.58±1.36 ) and dry (12.58±1.36) seasons (Birnin-
Yauri et al., 2011).

The winter period and GLE leaf revealed the highest TMO level in this study (Table 1). The higher TMO 
revealed by the study plants (RCH, RTO, GSP, and GLE) in the winter could be linked to the characteristic 
low temperature and transpiration rate characteristics of the season. In this current research, seasonal 
changes have induced variations in the TOM levels of the RCH, RTO, GSP, and GLE plant materials.

3.2. Crude ash 

A significant (P<0.05) difference in the crude ash (CAS) content (dry weight basis) of the red chili (RCH) fruit, 
red tomato (RTO) fruit, green spinach (GSP) leaf, and green lettuce (GLE) leaf was detected among the 
comparative seasons. The highest CAS level of the RCH, RTO, GSP, and GLE plant samples was obtained in 
the summer (Table 2). The RCH possessed the highest CAS content in this season (summer).
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Table 1. Seasonal changes in the total moisture content 

Total moisture (%)

Plant materials (n = 3)

Seasons RCH, fw RTO, fw GSP, fw GLE, fw

Winter 74.17±1.20a 88.79±0.78a 92.40±0.61a 94.71±0.48a

Spring 71.82±0.33a 83.41±1.81b 90.04±0.21b 90.54±0.21b

Summer 67.25±2.05b 72.16±0.89d 86.56±1.23c 87.25±0.52c

Autumn 73.82±1.94a 79.52±1.02c 88.18±0.49bc 88.52±2.19bc

fw = fresh weight, RCH = red chili fruit, RTO = red tomato fruit, GSP = green spinach leaf, GLE = green lettuce leaf, n = number of repeats of each plant 
sample. The results were expressed as mean±SD. Values with different superscript letters between seasons in a column are significantly (P<0.05) different 
from each other.

Table 2. Seasonal variations in the crude ash content 

Crude ash (%)

Plant materials   (n = 3)

Seasons RCH, dw RTO, dw GSP, dw GLE, dw

Winter 10.17±0.02d 0.87±0.01d 0.49±0.06d 0.48±0.06d

Spring 11.78±0.43c 1.22±0.07c 0.76±0.17c 0.81±0.12c

Summer 13.47±0.32a 1.74±0.05a 1.64±0.29a 1.54±0.23a

Autumn 12.16±0.09b 1.39±0.05b 1.26±0.09b 1.13±0.27b

dw = dry weight, RCH = red chili fruit, RTO = red tomato fruit, GSP = green spinach leaf, GLE = green lettuce leaf, n = number of repeats of each plant 
material. The results were resented as mean±SD. Values with different superscript letters between seasons in a column are significantly (P<0.05) different 
from each other.

The effect of seasonal variations on the CAS level was lacking in the existing literature. However, the CAS 
value of the RCH fruit obtained in this experiment was compatible with the amount (10.67±1.89%) reported 
by Dalhatu et al. (2018) for the open and solar drying Capsicum annum from Nigerian. But, higher than the 
finding (6.26±0.15%) of Sharma et al. (2017). The CAS percentage of the RTO fruit of the present research was 
higher compared with the amount (0.80±0.01%) reported by Hanif et al. (2006). Similarly, the CAS level of the 
GLE leaf of this work (summer and autumn periods) was higher than the reported amount (0.90±0.05%) of 
Hanif et al. (2006). However, lower than values obtained in the winter and spring. It is only in the summer 
and autumn that the GSP leaf indicated a higher CAS content in comparison to the finding (1.10±0.15%) of 
Hanif et al. (2006).
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Table 3. Seasonal differences in the crude fibre content

dw = dry weight, RCH = red chili fruit, RTO = red tomato fruit, GSP = green spinach leaf, GLE = green lettuce leaf, n = number of repeats of each vegetable 
plant. The results were expressed as mean±SD. Values with different superscript letters between seasons in a column are significantly (P<0.05) different 
from each other.

From finding (1.9±0.02%) of Bangash et al. (2011) and the cited value (1.71±0.09%) by Barman et al. (2015), 
the CAS level of the GSP leaf sourced from normal ground cultivation was not in support to the detected 
amount of this experiment. The elevated CAS amount observed during the summer season and the RCH fruit 
may be attributed to an augmented mineral composition, farming method, and or cultivar type (Nuri et al., 
2014). In this study, seasonal differences have induced differences in the CAS value of the experimental 
plants.

3.3. Crude fibre

There was significant (P<0.05) difference in the crude fiber (CFI) amount (dry weight basis) of the red chili 
(RCH) among the experimental four (4) periods (Table 3). Although there was no significant (P>0.05) 
difference between spring and autumn values for the RTO and GLE plant materials and between summer 
and autumn values for the GSP, a significant (P<0.05) differences were found between other seasonal 
comparisons of the CFI values of these plants (RTO, GSP, and GLE) (Table 3).

Crude fiber (%)

Plant materials  (n = 3)

Seasons RCH, dw RTO, dw GSP, dw GLE, dw

Winter 19.87±0.28d 9.28±0.29c 4.89±0.08c 10.29±0.2c

Spring 23.71±1.05c 16.90±0.79b 6.46±0.62b 11.70±0.36b

Summer 38.21±2.90a 19.29±1.14a 9.78±0.64a 13.84±0.33a

Autumn 32.06±0.41b 17.67±0.25b 8.67±0.24a 11.95±0.23b

The highest CFI content for the RCH, RTO, GSP, and GLE plant samples was indicated in the summer 
(Table 3). The higher CFI content obtained in the summer could be due the observed increased in the biomass 
accumulation and cultivation practice differences (Nuri et al, 2014). The RCH fruit revealed the highest CFI 
value compared with RTO, GSP, and GLE plants materials (Table 3). The influence of seasonal impact on the 
percentage CFI of the RCH, RTO, GSP, and GLE plant materials was not detected in the previous studies. 
Notwithstanding, the CFI value of the RCH fruit in this research was higher than the finding (18.33±0.76%) of 
Dalhatu et al. (2018) of the Nigerian capsicum annum from open and solar drying. The CFI content for each 
RTO fruit, GSP leaf, and GLE leaf of this research was greater than the obtained levels of 0.3±0.07%, 
0.6±0.01%, and 0.7±0.20% in tomato, spinach, and lettuce, respectively, by Hanif et al. (2006). In this 
experimental work, the CFI amounts of the evaluated plant samples have been affected by seasonal changes.

3.4. Total carbohydrate

In this study, the statistical analysis of the data revealed that the total carbohydrate (TCA) content of plant 
samples on a dry weight basis exhibited significant (P < 0.05) differences in different seasons (Table 4). 
However, there was no significant (P>0.05) difference between the values of the red chili (RCH) fruit observed 
in the winter and spring, between the values of the red tomato (RTO) fruit and green spinach (GSP) leaf 
observed in the spring and autumn, and between the values of the green lettuce (GLE) leaf obtained in the 
spring and summer. The summer revealed the highest TCA among the comparative seasons (Table 4).

Table 4. Seasonal variations in the total carbohydrate

Total carbohydrate (%)

Plant materials   (n = 3)

Seasons RCH, dw RTO, dw GSP, dw GLE, dw

Winter 4.75±0.04c 5.03±0.01c 1.01±0.01c 2.55±0.03c

Spring 5.01±0.04c 5.44±0.04b 2.00±0.05b 3.57±0.07a

Summer 5.98±0.01a 6.91±0.06a 2.89±0.08a 3.77±0.01a

Autumn 5.74±0.08b 5.45±0.05b 2.05±0.06b 2.92±0.23b

dw = dry weight, RCH = red chili fruit, RTO = red tomato fruit, GSP = green spinach leaf, GLE = green lettuce leaf, n = number of repeats of each plant sample. 
The results were given as mean±SD. Values with different superscript letters between seasons in a column are significantly (P<0.05) different between 
seasons.
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Among the experimental plant materials, it was observed that the RCH exhibited higher TCA values than 
the other samples in the autumn, while the RTO exhibited the highest values in all other seasons. The impact 
of seasonal variations on the TCA amounts of the RCH, RTO, GSP, and GLE plant samples in not found in 
the existing repots. Nevertheless, the percentage TCA for the RCH fruit obtained in this research was higher 
compared with finding of Ananthan et al. (2014) of six (6) different cultivars sourced from local markets, 
which range between 1.96±0.09% to 2.71 ± 0.06%. However, much lower than the reported value (66.40±1.3) 
of Dalhatu et al. (2018) from the Nigerian capsicum annum. The total TCA for RTO fruit of this study was 
higher in comparison to the value (3.90±0.10%) obtained by Hanif et al. (2016). The reported TCA amount of 
(2.92±0.05), (2.93±0.04%), and (4.00±0.12%) by Asaolu et al. (2012), Barman et al. (2015), and Hanif et al. 
(2016), respectively of a spinach from soil farming was higher than detected levels in the present work. 
Likewise, a greater than the level (3.90%) cited by Ranawade et al. (2017) from aquaponics spinach. Similarly, 
a relatively higher percentage (2.90%) was reported by Kumar et al. (2020) in comparison to the current 
study. Higher temperature and strong light intensity characteristics features of the summer season enhances 
sugar synthesis in plants (Lee and Kader, 2000; Caruso et al., 2011). However, not in support with the 
published research by Ferreyra et al. (2007), they detected that lower temperature which is linked to the 
winter period promotes sugar production in the alpine strawberry grown in a greenhouse. In this study, the 
TCA levels of the experimental plant materials were affected by the seasonal differences.

3.5. Soluble protein 

The results of the statistical evaluation conducted for the soluble protein (SPR) content (Table 5) indicated no 
statistically significant differences (P>0.05) between the SPR values of the RCH on a dry matter basis in 
spring and autumn, and between the values of the RTO in winter and summer. However, there were 
statistically significant differences (P<0.05) between other seasonal comparison of the values of above 
samples (RTO and RCH). In addition, a statistically significant differences (P<0.05) existed between all 
seasonal comparison of values of the GSP and GLE plant samples (Table 5).

Table 5. Seasonal differences in the soluble protein

dw = dry weight, RCH = red chili fruit, RTO = red tomato fruit, GSP = green spinach leaf, GLE = green lettuce leaf, n = number of repeats of each 
experimental sample. The results were expressed as mean±SD. Values with different superscript letters between seasons in a column are significantly 
(P<0.05) different between seasons.

Seasons Soluble protein (%)

Plant materials  (n = 3)

RCH, dw RTO, dw GSP, dw GLE, dw

Winter 0.29±0.02b 0.28±0.03a 0.34±0.01d 025±0.01c

Spring 0.24±0.01c 0.23±0.01b 0.79±0.01b 0.30±0.01b

Summer 0.30±0.03a 0.29±0.03a 0.83±0.00a 0.35±0.03a

Autumn 0.26±0.03c 0.22±0.06c 0.68±0.01c 0.22±0.01d

In this experiment, the highest SPR level for the RCH fruit, RTO fruit, GSP leaf, and GLE leaf was detected 
in the summer season (Table 5). The GSP leaf showed the highest percentage of SPR among the experimental 
plant samples. 

There were no reports of the effect of seasonal variations on the SPR values of the investigated plant 
materials from the aquaponics farming. However, Ananthan et al. (2014) reported the SPR values between 
0.91±0.02 to 1.98±0.10% from six (6) different cultivars of the red chilies obtained from local markets. Values 
obtained from the above report were higher than the amount detected in the present research. Hanif et al. 
(2006) reported a higher soluble protein from tomato fruit (0.9±0.06%) and lettuce (1.2±0.00%) in comparison 
with obtained amounts in this study. The percentage SPR observed from the GSP leaf in this finding was 
lower than values of 1.45±0.03%, 2.00%, and 2.70% reported by Barman et al. (2015), Kumar et al. (2020), and 
Ranawade et al. (2017), respectively. Variation in the SPR levels in the investigated plants in comparison to 
the above findings might be due to cultivar differences and or employed analytical methods. In the current 
research work, seasonal differences have induced changes in the level of SPR of the RCH, RTO,GSP, and GLE 
vegetable plants.
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4. Conclusion

This study determined the impacts of seasonal variations on proximate nutritional makers of some vegetable 
plants derived from the aquaponics cultivation. The total moisture (TMO) content (fresh weight basis); the 
crude ash (CAS), crude fibre (CFI), total carbohydrate (TCA), and soluble protein (SPR) values (dry weight 
basis) of the red chili (RCH) fruit, red tomato (RTO) fruit, green spinach (GSP) leaf, and green lettuce (GLE) 
leaf were significantly (P<0.05) different among the comparative seasons. The highest CAS, CFI, TCA, and 
SPR contents of the RCH, RTO, GSP, GLE plants materials were detected in the summer period. However, 
the TMO content of the RCH, RTO, GSP, and GLE was detected significant (P<0.05) in the winter period. 
Therefore, the findings of this research indicated that aquaponics food farming and harvesting in the warmer 
periods could significantly increases the nutritional value composition in plants.
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