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Soil heating in agricultural greenhouses is essential for maintaining optimal
temperatures, promoting root development, and improving crop yields. This
study, conducted at Research unit in Renewable energies in Saharan Medium
Adrar-Algeria, examined the impact of irrigation with fish farm effluent on
tomato growth, comparing it with soil-heated greenhouses. Fish farm effluent
not only meets plant water needs but also enhances nutrient availability. The
study found that tomatoes irrigated with effluent had higher macro- and
micronutrient concentrations. Since the effluent's composition depends on fish
feed, it supplies essential nutrients, improving tomato quality. In 2022, tomatoes
grown without soil heating had a refractive index (RI) of 1.3495 and a caloric
value of 20.66 kcal per 100 g. Those in heated soil had an RI of 1.3391 and
23.64 kcal per 100 g. These values surpass the standard (Cote 2000) of 18 kcal
per 100 g. The findings suggest that integrating soil heating with fish farm
irrigation enhances tomato nutrient content and caloric value. This approach
optimizes greenhouse agriculture, making it more efficient and sustainable.

1. INTRODUCTION

Fish waste contains nutrients like nitrogen and phosphorus, which can serve as natural fertilizers for
crops. When fish farm water is used for irrigation, it can contribute to soil fertility and enhance plant
growth. Fish excrement and uneaten feed can contribute to the organic matter content of the water. When
this nutrient-rich water is used for irrigation, it can improve soil structure and water retention.

Agquaculture systems often harbor beneficial microorganisms that can positively influence soil microbial
activity when applied to crops. This can enhance nutrient cycling and promote plant health.
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The impact of fish farm water on crops depends on the balance between the positive contributions of
nutrients and organic matter and the potential negative effects of pathogens and other contaminants.
Careful management practices are crucial to maximizing the benefits and minimizing the risks
associated with using fish farm water for crop irrigation.

The creation of favorable climatic conditions in greenhouses affects product quality and production costs
(Hamdane et al., 2023).

Soil heating allows for the warming of the soil, enabling earlier planting in the winter. This is especially
beneficial for crops requiring warmer soil temperatures for germination and establishment, effectively
extending the growing season.

Warmer soil promotes better root development, essential for the uptake of water and nutrients necessary
for overall plant growth. Plants grown in heated soil tend to grow faster and mature more quickly,
leading to higher yields and more productive crop cycles.

In greenhouses, soil heating systems provide growers with better control over the microclimate, allowing
crops to be grown at optimal temperatures even in cold or variable climates. By maintaining consistent
soil temperature, plants are less likely to experience temperature stress, which can lead to reduced
growth, increased susceptibility to diseases, and poor fruit or flower development.

Soil heating is particularly beneficial for seed germination, as many seeds require specific soil
temperatures for successful sprouting. It ensures a higher germination rate and healthier seedlings.
Additionally, soil heating extends the growing season, enabling the cultivation of crops that might not
thrive in the local climate during certain times of the year.

2. MATERIEL AND METHODS

2.1 Proper sampling and storage of fish farms water

Water is an essential resource for life. for all living organisms on Earth. However, the freshwater
accessible to human’s accounts for only about 0.30% to 0.50% of the planet’s total water supply, making
its careful management essential. In the modern era, unplanned urbanization, rapid industrialization, and
excessive use of artificial chemicals have severely polluted aquatic ecosystems. This degradation not
only compromises water quality but also threatens aquatic life, including fish populations (Adeoye,
2020).

Agriculture is the largest consumer of freshwater on Earth, with approximately 65% to 75% used for
irrigation.

Globally, more than 250 million hectares of land are irrigated, accounting for approximately 20% of the
world’s arable land and contributing to over one-third of the global food supply. In developing countries,
around 80% of irrigated land has played a crucial role in boosting crop yields during the Green
Revolution. However, freshwater scarcity is becoming an increasingly critical issue, particularly in arid
and semi-arid regions.

Agro-industries, which depend heavily on water, generate substantial wastewater, often inadequately
treated before being released into the environment, leading to both surface and groundwater pollution.
In many areas, the combination of increasing water scarcity and a growing global population has slowed
crop yield growth, widening the gap between water supply and demand to levels that, in some regions,
pose a threat to human survival. In response, scientists worldwide are actively developing innovative
strategies for water conservation (Abegunrin, 2013; Adeoye, 2020; Hussain et al. 2002).
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Fig 1. Photovoltaic System at URERMS —

Adrar, Algeria

Fig 2. Aquaculture at URERMS — Adrar, Algeria

Table 1. Water Quality Indicators in Fish Farms of URERMS-Adrar,Algeria

Parameters Optimal Measured
T° 27° 18°

pH 6.5-8.5 8/23°C
0; 5mg/I -

CO2 10mg/I -

G 0-15¢g/I 6.8ms/23°C
NH3 0.05mg/I -

Fig 3. Agricultural greenhouse

Fig 4. Agricultural greenhouse for soil heating
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Fig 5. Tomatoes cultivated in the greenhouse  Fig 6. Tomatoes cultivated in soil heating greenhouse

2.2 Biochemical analysis

Tomatoes are among the most important vegetables worldwide due to their nutritional, economic, and
social significance, particularly valued in human nutrition for their antioxidant properties. This study
examines the physicochemical properties of tomatoes cultivated at URERMS Adrar, Algeria (Samples
I and II), assessing their compliance with the standards for tomatoes irrigated with fish farm water.
Additionally, their quality is compared with tomatoes grown under similar irrigation conditions but in
soil subjected to specific heating treatments (Allali et al., 2023).

2.2.1 Determination of moisture content

The AOAC (1980) method for moisture determination typically involves oven drying. The most
commonly used AOAC method for moisture content in food and agricultural products is Oven Drying
Method (AOAC 925.10, 1980). This is a gravimetric method where moisture is removed by heating in
an oven, and the weight loss is measured.

Procedure:
1. Sample Preparation

v A known weight of the sample is taken typically 2-10 g, of tomato.
v The sample is placed in a pre-dried and weighed crucible or dish.

2. Drying Process

v' The sample is dried in a hot air oven at 105°C for 3-6 hours (or until a constant weight
is reached).

3. Cooling & Weighing

v The dried sample is cooled in desiccators to prevent moisture absorption.
v The sample is then weighed immediately.

Expression of results:

initial weight — final weight
*

Moisture% = 100 1)

initial weight

The Dry Matter (DM) content is the portion of the tomato that remains after all moisture has been
removed. It is an essential parameter for determining the nutritional and processing quality of tomatoes.
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After determining the moisture content (% Moisture), the (DM) is calculated using the following
formula:

Dry Mater (DM)% = 100 — Moisture content% (2)

2.2.2 Determination of ash content and organic matter of Tomato
Ash represents the total mineral (inorganic) content left after complete combustion of the organic matter.
Procedure

1. Sample Preparation

v Homogenize the tomato sample.
v' Weigh 2-5 g of dried sample (previously determined using the oven drying method).

2. Pre-Ashing (Optional for Fresh Samples)
v" If using fresh tomatoes, heat the sample on a hot plate until carbonization starts.
3. Incineration

v" Place the sample in a muffle furnace.
v Maintain the temperature at 550°C — 600°C for 4-6 hours or until a constant weight is reached.
v" The sample should turn into a white or light gray ash (if still black, extend incineration).

4. Cooling & Weighing

v" Transfer the crucible to desiccators for cooling.
v Weigh the remaining ash.

5. Calculation of Ash Content

weight of Ash ®)

Ash % = [ 1+ 100

weight of Dry sample

Organic Matter

Organic matter content is calculated indirectly by subtracting the ash content from the dry matter
content:

Organic Matter % = 100 — Ash content % “)

2.2.3 Determination of water activity (Aw) in Tomatoes

Water activity (Aw) is a measure of the free water available in a food sample, influencing microbial
stability, texture, and shelf life. Method Using an AWX 3001 EBRO Electronic Device.

Materials & Equipment

v' AWX 3001 EBRO water activity meter
v Sample (fresh tomato)

v Weighing balance (precision £0.001 g)
v Component cell (chamber) of the device
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Procedure
1. Sample Preparation

v" Weigh 2 g to 5 g of the tomato sample.
v Ensure the sample is finely homogenized to provide a uniform reading.
v Avoid sample contamination (fingerprints, external moisture).

2. Placement in the Instrument

v" Open the AWX 3001 EBRO component cell.
v" Carefully place the sample inside without pressing it against the sensor.
v" Seal the chamber to maintain airtight conditions.

3. Equilibration Time

v" Allow the sample to equilibrate for at least 1 hour and 30 minutes inside the device.
v This ensures that the water vapor reaches equilibrium with the headspace inside the chamber.

4. Reading the Water Activity (Aw)

v’ After equilibration, record the (Aw) value displayed on the screen.
v Ensure the measurement stabilizes before recording the final value.

Water Activity (aw) is calculated as:
A (%) = VNaOH (ml) * 0.64 ©)

0.64: Acid Citric Coefficient

2.2.4 Determination of pH in Tomato

The pH of tomatoes is a critical parameter that affects taste, processing, microbial stability, and shelf
life. The AFNOR (1970) method follows a simple procedure using a pH meter.

Procedure
1. Sample Preparation

v" Take a portion of the tomato (whole or sliced).
v’ Place it in a clean, dry beaker.
v" Manually crush the tomato using a glass rod or spoon until a uniform juice is obtained.

2. Calibration of pH Meter

v Turn on the pH meter and calibrate it using buffer solutions at pH 4.0 and pH 7.0.
v" Rinse the electrode with distilled water between calibrations.

3. pH Measurement

v" Insert the pH electrode directly into the tomato juice.
v Allow the reading to stabilize (this may take 30—60 seconds).
v Record the pH value displayed on the screen.

4. Cleaning the Electrode

v" Rinse the electrode with distilled water.
v Wipe it gently with tissue paper to remove tomato residue.
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2.2.5 Determination of sugar content in Tomato
2.2.5.1 Determination of reducing sugars (Glucose) content
a) Sample preparation

One gram of tomato was combined with 300 mL of distilled water and 3 g of CaCOs, then heated to
boiling for 30 minutes with continuous stirring. After filtration and cooling, the filtrate was diluted with
distilled water to a final volume of 1 liter (1000 mL). A small amount of lead acetate was then added,
followed by a second filtration. (DuBois et al., 1956)

b) Dosage:

After the second filtration, 1 mL of the filtered extract was taken and mixed with 1 mL of 5% phenol
and 5 mL of concentrated H, SO, , with continuous stirring. The tubes were then heated at 100°C for
5 minutes and left in the dark for 30 minutes. The optical density (O.D) was measured at a wavelength
of 490 nm using a UV-VIS spectrophotometer (DuBois et al., 1956).

2.2.5.2 Determination of total sugar content in Tomato

A 5 mL sample of the product was mixed with 5 mL of 2N HCI and heated in a water bath at 100°C for
30 minutes. After cooling, 1 mL of the extract was taken for sugar quantification, including both the
initially present reducing sugars and those released through the hydrolysis of sucrose, representing the
total sugar content (DuBois et al., 1956).

Sucrose = (Total Sugars — Reducing Sugars) * 0.95 (6)

e Total Sugars: Include both reducing sugars (glucose, fructose) and non-reducing sugars
(sucrose).

e Reducing Sugars: Sugars that can reduce Fehling’s solution or Benedict’s reagent (mainly
glucose and fructose)

e 0.95 Factor: Accounts for the hydrolysis of sucrose, as sucrose breaks down into glucose and
fructose during acid hydrolysis, increasing the measured sugar content. The correction factor
adjusts for this.

2.2.6 Determination of Brix value and refractive index of Tomato

v" Blade Cleaning: Rinse the refractometer blade with a few drops of distilled water and gently
wipe it using Joseph paper to remove any residues.

v' Calibration: Apply distilled water to the blade and calibrate the refractometer, ensuring the
refractive index reads 1.33.

v Drying: Wipe the blade again with Joseph paper to ensure it is clean and dry.

v' Sample Application: Place a few drops of the syrup sample on the refractometer blade,
ensuring even distribution.

v Adjustment: Adjust the refractometer until the boundary between the bright and dark regions
is clearly visible and divided in half.

v Reading the Results: Observe the Brix value and refractive index through the eyepiece. Take
into account the ambient temperature and apply any necessary corrections.
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The refractometer analysis was performed to determine the dissolved sugar content in the solution
(DuBois et al., 1956).

2.2.7 Determination of fat content in Tomato

According to NF EN I1SO 734-1:2000 Standard — Soxhlet Extraction Method; the fat content in tomatoes
is generally low but is determined using solvent extraction methods, specifically the Soxhlet extraction
method as per NF EN 1SO 734-1 (2000).

Formula for Fat Content Calculation
Mass of extracted Fat (g)

Fat contont 0 100 !
at content % Mass of sample (g) ) .

Where:

e Mass of Extracted Fat: Weight of fat residue after solvent evaporation.

o Mass of Sample: Initial weight of the dried tomato sample used for extraction.
2.2.8 Calculation of the Caloric Value of Tomatoes

The caloric value (energy content) of a food sample is calculated using the Atwater system, which
assigns specific energy values to macronutrients:

Formula for Caloric Value (kcal/100g)

Energy (Kcal.100g) = Protein * 4 + Carbohidrates * 4 + Fat * 9 (8)

2.3 Microbiological Analysis of Tomato

Microbiological testing is essential to assess food safety and quality in tomatoes.

2.3.1 Preparation of culture media for microbial enumeration

Microbial contamination in tomatoes is assessed by culturing samples on selective media. The culture
media used for total germs, coliforms, yeasts, and molds are prepared as follows:

v’ Total Germ Count (Standard Plate Count Agar. PCA)
v" Violet Red Bile Lactose Agar (VRBL) for coliform detection.
v Sabouraud Dextrose Agar (OGA) for yeasts and molds.
2.3.2 Microbiological Counting: Colony-Forming Units (CFU) Method

The colony-forming unit (CFU) technique is used to quantify microbial contamination in tomato
samples. The plate count method allows for counting viable microorganisms based on visible colonies
(Borguini & da Silva Torres, 2009; ISO, 2013).

a) Sample Preparation (Dilution Method)

To obtain accurate microbial counts, the sample is first diluted to reduce the number of colonies per
plate.

Procedure:
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1. Homogenization of Tomato Sample:

v" Weigh 10 g of tomato and mix with 90 mL of sterile diluents (NaCl 0.85% or Peptone water
0.1%).
v' Homogenize using a stomacher or blender.

2. Serial Dilution:

v’ Prepare a series of dilutions (10™ 2, 10™ 2, 10 3, etc.) by transferring 1 mL from the previous
dilution into 9 mL of sterile diluents.
v' Repeat up to 10~ © if necessary.

b) Plate Counting Method
Pour Plate Method (for Total Germs and Coliforms)
1. Transfer 1 mL of the diluted sample onto an empty sterile Petri dish.
2. Pour 15-20 mL of melted PCA (for total germs) or VRBL (for coliforms) at 45-50°C.
3. Gently rotate the plate to mix and allow solidifying.
4. Incubate at the appropriate temperature.
Surface Spread Method (for Yeasts and Molds)
1. Transfer 0.1 mL of diluted sample onto a pre-solidified SDA or OGA agar plate.
2. Use a sterile glass spreader (hockey stick) to distribute evenly.

3. Allow to absorb for 15 minutes, and then incubate (Bara et al., 2022; Borguini & da Silva
Torres, 2009)

¢) Inoculation and incubation

» For yeast and mold counting: Inoculation is performed on the surface.
» For total germ and coliform counting: Inoculation is performed in-depth.

Types of Inoculation:
1. Surface Inoculation: Sample is spread onto the surface of the agar.
2. Deep Inoculation: Sample is mixed within the agar medium.

The Petri dishes are incubated in an inverted position in an incubator at a controlled temperature and
duration.

d) Reading and interpretation

» Colony counting is performed visually.

Only plates with 20 to 300 colonies are considered for analysis.

The colony count per plate is used to determine the initial microbial concentration.

If a plate has no colonies, the result is reported as “less than 1 germ per mL.” (Borguini & da
Silva Torres, 2009)

YV V V

If the number of colonies in all dilutions is below 20, the result is expressed as "Less than 20 germs per
gram or per milliliter.”

When the number of colonies ranges between 20 and 300, the average colony count is determined using
a weighted average from two successive dilutions, following the prescribed calculation method: (NF V
08-102, 1998) (Borguini & da Silva Torres, 2009)
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N:zg.ld 9)

e ¢: Number of colonies in the plates from two consecutive dilutions.
e d: The dilution factor corresponds to the first selected dilution.

e) Detection and Enumeration of Fecal Streptococci in Tomato

The detection and enumeration of fecal streptococci (fecal enterococci) are crucial for assessing the
microbiological quality of water and food. These bacteria, mainly from the Enterococcus genus
(Enterococcus faecalis, Enterococcus faecium), serve as indicators of fecal contamination.

Procedure:
The detection of fecal streptococci involves two consecutive tests to ensure accurate identification:
1. Presumptive Test:
Conducted using Rothe medium to screen for the presence of Streptococcus species
2. Confirmation Test:

Performed using EVA medium to confirm the presence of Streptococcus in tubes that tested
positive during the presumptive test

Incubation:
e Samples are incubated at 37°C for 24 hours.
Reading and Interpretation: A tube is considered positive if it exhibits:

e Microbial turbidity (cloudiness in the medium)
e Whitish or purple sediment at the bottom of the tube

Final Evaluation:

The results are interpreted using the Mac Grady table, considering only the positive and negative EVA
tubes for enumeration.

Fig 7. Physicochemical analysis of tomato of the greenhouse
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Fig 8. Physicochemical analysis of tomato for soil heating greenhouse

3. RESULTS AND DISCUSSION

The analysis was carried out at the E.S.S Laboratory of URER.MS, Adrar, Algeria.

Tomato fruits are a rich source of essential vitamins and minerals that contribute to human health. They
also contain vital trace elements such as copper, manganese, zinc, and selenium, along with vitamins C,
B6, E, and folic acid (Luthria et al., 2006;, Fernandez-Ruiz et al., 2011).

These trace elements have been found to play a crucial role in defense mechanisms by neutralizing free
radicals (Wolonciej et al., 2016). The results of the physicochemical analyses are presented in the
following table:

Table 2. Physicochemical analysis results of Tomato

Tomato irrigated  Tomato irrigated with

Sampling type with fish farm fish farm water for Soil ~ Standards value
water heating

Water % 93.08 93,94 93.50
DM% 6.92 541 6.50
OM% 6.40 8,51 8.5-9.5
MM % 0.52 0,69 0.74
AW 0.930 0,983 0.97-0.99
Sugar % 3.90 4,60 3.60
GM % 0.22 0,24 0.30
Prot. % 0.77 0,77 0.95
A% 6.50 6,50 -
pH 5.04 4,01 4-4.6
RI 1.3495 1,3391 1.333-1.345
Calorie’s value 20.66 23,64 18

The composition of fish farm effluent water, influenced by fish feed, can provide nutrients and enhance
the concentration of these elements in plants irrigated with it (Kaab Omeir et al., 2020).

High concentrations of essential elements likely promote plant growth more effectively in the fish farm
compared to other irrigation sources. The results indicate that plant growth was satisfactory when
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irrigated with fish farm water. Therefore, the fish farming system could serve as a valuable irrigation
source, particularly in water-scarce regions. Additionally, soil heating in agricultural greenhouses can
significantly benefit agriculture by enhancing productivity and addressing key challenges.

Table 3. The microbiological analysis results of Tomato

Sampling G.T Yeasts Molds clostridia Fecal coli forms  Total coli forms
Analysis results 17 35  Absent  Absent Absent Absent
Standard value  5.10° 102 102 - - -

The results presented in Table 3 demonstrate that the microbiological criteria meet satisfactory
standards.

Using low-quality water for irrigation may have a detrimental impact on crop yield (Costa & Heuvelink,
2005). Although fish farm effluent is classified as low-quality water, it can still serve as a valuable
irrigation source and provide organic materials that can be used as natural fertilizers for crops.

Soil heating in agricultural greenhouses can have a significant impact on the physicochemical analysis
of crops. The soil temperature directly influences various physiological and biochemical processes in
plants, which in turn affect the composition and quality of the harvested crops.

This can lead to a higher sugar content in fruits and vegetables, as reflected in the results for sugars,
proteins, and lipids; 3.90%, 0.77%, and 0.22%, respectively. In comparison, tomatoes irrigated with fish
farm water for soil heating showed 4.60%, 0.77%, and 0.24%, respectively (Allali et al., 2023).

Also, can accelerate the metabolic processes within plants, this can affect the accumulation of secondary
metabolites such as antioxidants, photochemical, and essential oils, all of which contribute to the
nutritional and medicinal quality of crops, can increase respiration rates in plants. Elevated respiration
can lead to a reduction in stored carbohydrates, which might result in lower starch content in certain
crops.

4. CONCLUSION

Soil heating in agricultural greenhouses is a valuable tool for optimizing plant growth and extending the
growing season. It allows growers to create and maintain the ideal soil temperature for their crops,
ultimately leading to higher yields and improved crop quality. Careful planning, proper system design,
and efficient operation are essential for success.

Tomatoes irrigated by aquaculture with soil heating have a higher nutritional value than those irrigated
by aquaculture without soil heating. This method of irrigation, which integrates the benefits of
aquaculture with the added advantage of soil heating, promotes optimal growth conditions. The
controlled temperature enhances nutrient uptake and metabolic processes in the tomato plants, resulting
in fruits that are richer in vitamins, minerals, and antioxidants. Moreover, the synergy between
aquaculture and soil heating not only improves the nutritional quality of the tomatoes but also supports
sustainable agricultural practices by efficiently utilizing water and thermal resources.
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ABBREVIATIONS

URERMS-Adrar: Research unit in Renewable energies in Saharan Medium ADRAR-Algeria

NOMENCLATURE
DM Dry Matter. GM Greasy Matter
oM Organic Matter Prot Protein
MM Mineral Matter. A:  Acidity
pH Potential of Hydrogen Rl Refractive Index
REFERENCES

Abegunrin, A. (2013). Effect of kitchen wastewater irrigation on soil properties and growth of cucumber
(Cucumis sativus). Journal of Soil Science and Environmental Management, 4(7).
https://doi.org/10.5897/jssem2013.0412

Adeoye, P. A. (2020). Effect of Fish Pond Wastewater Irrigation on Receiving Soils and Crops in Dry
Season Farming. Direct Research Journal of Engineering and Information Technology, 7(5).

Allali, M., Tigani, C., Djaber, A., & Mediani, A. (2023). Physicochemical and Organoleptic Analysis
of Tomato Irrigated with fish farms water; at URERMS-ADRAR. Algeria. Journal of Renewable
Energies, 26(1), 5-29. https://doi.org/10.54966/jreen.v26il.1114

Bara, Y., Arbouche, R., Baa, A., & Mammeri, A. (2022). Modification of microbiological quality and
valorization of different ruminants’ species ruminal content in farm animals feeding. Bulletin of
University of Agricultural Sciences and Veterinary Medicine Cluj-Napoca. Animal Science and
Biotechnologies, 78(2). https://doi.org/10.15835/buasvmcn-ash:2021.0008

Borguini, R. G., & da Silva Torres, E. A. F. (2009). Tomatoes and tomato products as dietary sources
of antioxidants. Food Reviews International, 25(4). https://doi.org/10.1080/87559120903155859

Costa, J. M., & Heuvelink, E. (2005). Introduction: The tomato crop and industry. In Tomatoes.
https://doi.org/10.1079/9780851993966.0001

DuBois, A. B., Botelho, S. Y., & Comroe, J. H. (1956). A new method for measuring airway resistance
in man using a body plethysmograph: values in normal subjects and in patients with respiratory disease
1. Journal of Clinical Investigation, 35(3). https://doi.org/10.1172/jci103282

Fernandez-Ruiz, V., Olives, A. I., Camara, M., Sdnchez-Mata, M. D. C., & Torija, M. E. (2011). Mineral
and trace elements content in 30 accessions of tomato fruits (Solanum lycopersicum L.,) and wild
relatives (Solanum pimpinellifolium L., Solanum cheesmaniae L. Riley, and Solanum habrochaites S.
Knapp & D.M.  Spooner). Biological ~ Trace  Element  Research, 141(1-3).
https://doi.org/10.1007/s12011-010-8738-6

Hamdane, S., Pires, L. C. C., Silva, P. D., & Gaspar, P. D. (2023). Evaluating the Thermal Performance
and Environmental Impact of Agricultural Greenhouses Using Earth-to-Air Heat Exchanger: An
Experimental Study. Applied Sciences (Switzerland), 13(2). https://doi.org/10.3390/app13021119

Hussain, 1., Raschid, L., Hanjra, M. A., Marikar, F., & Hoek, W. van der. (2002). Wastewater use in
agriculture: Review of impacts and methodological issues in valuing impacts. (With an extended list of
bibliographical references). In Domestic Wastewater Treatment in Developing Countries.

117



Journal of Renewable Energies I[CREAA 24 Ghardaia (2024) 105 — 118

ISO. (2013). Microbiology of the food chain — Horizontal method for the enumeration of
microorganisms — Part 1: Colony count at 30 °C by the pour plate technique. In Iso (Vol. 2013).

Kaab Omeir, M., Jafari, A., Shirmardi, M., & Roosta, H. (2020). Effects of Irrigation with Fish Farm
Effluent on Nutrient Content of Basil and Purslane. Proceedings of the National Academy of Sciences
India Section B - Biological Sciences, 90(4). https://doi.org/10.1007/s40011-019-01155-0

Luthria, D. L., Mukhopadhyay, S., & Krizek, D. T. (2006). Content of total phenolics and phenolic acids
in tomato (Lycopersicon esculentum Mill.) fruits as influenced by cultivar and solar UV radiation.
Journal of Food Composition and Analysis, 19(8). https://doi.org/10.1016/j.jfca.2006.04.005

Wolonciej, M., Milewska, E., & Roszkowska-Jakimiec, W. (2016). Trace elements as an activator of
antioxidant enzymes. In Postepy Higieny i Medycyny Doswiadczalnej (Vol. 70).
https://doi.org/10.5604/17322693.1229074

118



