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Abstract 

Basil is a medicinal plant well-known for the phenolic compounds that it contains. The objective of our study was to test the 

effects of biosolids on the concentration of phenolic compounds, antioxidant activity and some morpho-physiological parameters 

of basil, Aromat de Buzău cultivar, in order to establish an optimal dose for application. The treatments used were represented by 

5 doses of biosolids (V1 - 1%, V2 - 5%, V3 - 10%, V4 - 15% and V5 - 20%) mixed with eroded soil (v/v). The total phenolic 

content varied between 25 mg GAE (gallic acid equivalent)/g of fresh weight (f.w.) (V5) and 28 mg GAE/g f.w. (V1), while 

the total flavonoid content varied between 20 mg QE (quercetin equivalent)/g f.w. (V5) and 24 mg QE/g f.w. (V1). Regarding 

the antioxidant activity of basil extracts expressed by DPPH (2,2-diphenyl-1-picryl-hydrazyl-hydrate) inhibition, a direct 

correlation with the phenolic content was observed, the values being situated between 56% (V5) and 67% (V1). The highest 

chlorophyll-a content was recorded for V4 and V5 treatments (1.28 mg/g f.w.), the highest chlorophyll-b content was recorded 

for V2 and V3 (0.45 mg/g f.w.), while the highest carotenoid content was obtained in the case of V2 (0.26 mg/g f.w.). Regarding 

the chlorophyll fluorescence, no significant variations were registered. In terms of production, the best results were registered 

for V3 (172 g/plant) and the lowest for V1 (118 g/plant). In conclusion, the use of biosolids in low concentration (1%, 5%, and 

10%) for the fertilization of basil had a stimulating effect on the synthesis of phenolic compounds, also contributing to the 

increase of plant production, with a major impact for further pharmacological purposes. 

 

Rezumat 

Busuiocul este o plantă medicinală bine cunoscută pentru compușii fenolici pe care îi conține. Obiectivul acestui studiu a fost 

de a testa efectele biosolidelor asupra concentrației de compuși fenolici, a activității antioxidante și a unor parametrii morfo-

fiziologici la busuiocul din soiul Aromat de Buzău, în vederea stabilirii unei doze optime de aplicare. Tratamentele utilizate au 

fost reprezentate de 5 doze de biosolide (V1 - 1%, V2 - 5%, V3 - 10%, V4 - 15% și V5 - 20%) amestecate cu un sol erodat 

(v/v). Conținutul de fenoli totali a variat între 25 mg GAE (echivalenți acid galic)/g m.p. (masă proaspătă) la V5 și 28 mg 

GAE/g m.p. la V1, în timp ce conținutul de flavonoide totale a variat între 20 mg QE (quercetin equivalent)/g m.p. la V5 și 24 

mg QE/g m.p. la V1. În ceea ce privește activitatea antioxidantă a extractelor de busuioc, exprimată prin inhibiția DPPH (2,2-

difenil-1-picril-hidrazil-hidrat), s-a constatat o corelare cu conținutul de fenoli, valorile fiind cuprinse între 56% (V5) și 67% 

(V1). Conținutul cel mai mare de clorofilă a fost înregistrat pentru tratamentele V4 și V5 (1,28 mg/g m.p.), cel de clorofilă b a 

fost mai mare pentru V2 și V3 (0,45 mg/g m.p.), în timp ce conținutul cel mai mare de carotenoizi a fost obținut în cazul lui 

V2 (0,26 mg/g m.p.). În ceea ce privește fluorescența clorofilei, nu au fost înregistrate variații semnificative. Din punct de 

vedere al producției, rezultatul cel mai bun a fost măsurat pentru V3 (172 g/plantă) și cel mai scăzut pentru V1 (118 g/plantă). 

În concluzie, utilizarea biosolidelor în concentrație redusă (1% - 10%) pentru fertilizarea busuiocului a avut un efect stimulator 

asupra sintezei de compuși fenolici contribuind totodată la creșterea producției plantei, cu un impact major pentru viitoare 

scopuri farmacologice. 
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Introduction 

Ocimum basilicum L., basil, is a very popular medicinal 

plant, being cultivated in many geographical areas 

due to the production of bioactive principles, such as 

phenols, volatile oils, tannins, saponins, pigments 

(anthocyanins, flavones, carotenoids), vitamins (ascorbic 
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acid, niacin, riboflavin), amino acids etc. [8]. The 

use of natural products in the treatment of various 

diseases due to their anti-inflammatory, antioxidant 

and even anti-tumour properties has been practiced 

for a long time [10, 36, 37]. Numerous studies have 

demonstrated the medicinal properties of basil. For 

example, Amri et al. showed that luteolin (flavonoid) 

and ursolic acid (triterpenoid) can be used in the 

treatment of oral cancers [1]. Other studies have shown 

the effectiveness of this plant in the treatment and 

prophylaxis of various types of cancer and various 

other diseases. Pandey et al. showed that betulinic acid 

from basil callus is a compound that has an effect 

against cancer and HIV [32]. Studies in rats have shown 

that basil can lower blood pressure and that alcoholic 

basil extracts help reduce the hemo-toxicity of benzene, 

while aqueous basil extracts have an immuno-regulatory 

effect due to the presence of caffeic and p-coumaric 

acids [34].  

The main factor limiting the expansion of basil 

cultivated areas in Romania is the low quality of soils 

affected by degradation processes [7]. In Romania, 

approximately 50% of agricultural lands are affected by 

degradation processes, such as soil erosion [17, 33]. A 

solution to this problem is the application of biosolids 

due to the rich content of organic matter [4]. Biosolids 

are secondary treated sewage sludge that can be used in 

agriculture if the content of heavy metals is within the 

limits allowed by law (86/278/EEC; OM 344/2004) 

[12, 28]. According to Eurostat (2020), Romania produces 

considerable quantities, 210 thousand tons dm (dry 

matter) in 2015, of which only 10 thousand tons dm 

are used in agriculture [13]. In 2012, Spain and 

Germany, which were the largest producers of sewage 

sludge (2577 and 1844 thousand tons dm per year) 

used 74.5% and 29.3%, respectively, in agriculture [5]. 

The literature indicates that basil can be grown on 

substrates amended with municipal sludge (biosolid), 

leading to an increase in biomass, while the essential 

oil produced is free of contaminants [43]. Based on 

the above information, the objective of this study 

was to test the effects of biosolids on the synthesis of 

phenolic compounds, antioxidant activity and some 

morpho-physiological parameters of basil, in order to 

establish an optimal dose for application. Obtaining a 

basil with improved properties can be very valuable 

in terms of providing high-quality medicinal plants 

on the phytopharmaceutical market. 

 

Materials and Methods 

Experimental conditions 

The biological material was represented by basil seeds 

of Aromat de Buzău cultivar produced at Vegetable 

Research and Development Station Buzău, Romania. 

For the growth of plants, 4 L (15 cm height x 18 cm 

diameter) black plastic pots were used. Pots were filled 

with 3 L of a mixture composed of biosolids (B) and 

eroded soil (ES): V1 (1% B + 99% ES), V2 (5% B + 

95% ES), V3 (10% B + 90% ES), V4 (15% B + 85% 

ES), V5 (20% B + 80% ES). For each variant, 15 pots 

were used. 

The pots were kept at constant temperatures, between 

22°C (night) and 25°C (day). Artificial light was 

supplied by 4800 K fluorescent tubes for 14 h at each 

24 h. The atmospheric humidity was maintained constant 

at 50%. Plants were irrigated twice a week with distilled 

water. The growth of basil lasted for 3 months, until 

the flowering stage of plants. 

Eroded soil - clayey chernozem (SRTS, 2012) was 

collected from an agricultural land located within 

Vaslui County, Romania (46°20'29.0"N 27°41'44.6"E). 

The municipal sewage sludge (biosolids) was collected 

from the Dancu Municipal Wastewater Treatment Plant, 

Iași, and was previously dried on the station platform 

for two years. The physicochemical characteristics 

of the substrates are presented in Table I.

Table I 

Physico-chemical characteristics of the investigated substrates 

Sample pH EC 

(µS/cm) 

N total 

(%) 

P2O5  

(% dm) 

K2O 

(% dm) 

OM 

(%) 

Erroded soil 8.05 221.4 0.068 0.09405 0.11689 1.24 

Biosolids 6.96 6280 4.3 2.43 0.51 26.6 

pH - hydrogen potential, EC - electrical conductivity, OM - organic matter, dm - dry matter 

 

Biochemical parameters 

The total phenolic content was determined following 

the method described by Lobiuc et al. [19]. An aliquot 

of 0.1 mL of 5% (w/v) extract of fresh leaves in 80% 

ethanol, obtained by maceration for 24 h, was mixed 

with Folin reagent and incubated for 5 min, Na2CO3 

7.5% was added and incubated for further 90 min. 

Results were calculated using the absorbance values 

at 760 nm, and expressed as gallic acid equivalents 

(GAE) per gram fresh weight (fw), based on the 

calibration curve with gallic acid (y = 0.003x - 0.0269, 

R² = 0.9947). 

Total flavonoids were assessed in the same extracts 

using the AlCl3 method and expressed as quercetin 

equivalents (QE) per gram fresh weight [19], based 

on the calibration curve with quercetin (y = 0.0007x 

+ 0.0002, R² = 0.9983). 

The antioxidant activity of extracts was determined 

according to the discoloration of DPPH (2,2-diphenyl-1-

picryl-hydrazyl-hydrate Sigma, Germany) method [19]. 

Briefly, 0.1 mL of 5% (w/v) extract was incubated 
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with 2.9 mL of alcoholic DPPH solution (60 µM) for 

180 min. The absorbance was registered at 510 nm. 

Results were expressed as % inhibition of DPPH. 

Assimilatory pigments were extracted in acetone (80%) 

from ground leaves (0.1 g) and the optical density was 

read at 470, 646 and 663 nm with a 227 Shimadzu 

UV 1240 spectrophotometer in 1 cm light path length 

glass cuvettes. The pigment content was calculated 

using equations described by Wellburn et al. [42]. 

Morpho-physiological parameters 

Chlorophyll fluorescence was evaluated with a portable 

device Hansatech FMS2, by measuring Fv/Fm and 

ɸPSII on 12 leaves per treatment. Fv/Fm was measured 

following a 20 min dark adaptation of leaves using 

provided clips. The value of ɸPSII was measured in 

a normal light regime. 

For each variant, 12 individuals were assessed for stem 

height, mass of fresh plants, number of leaves, number 

of lateral stems, and root length. 

Statistical analysis 

The software used for data processing was IBM SPSS 

v20, and the results were presented as means ± standard 

errors. The differences between variants were tested 

by ANOVA (p < 0.05) followed by a Levene test for 

homogeneity of variances and Tukey multiple comparison 

post hoc test. 

 

Results and Discussion 

The objective of this study was to test the effects of 

biosolids on the synthesis of phenolic compounds, 

antioxidant activity and some morpho-physiological 

parameters of basil, in order to establish an optimal 

dose of application. In order to achieve this objective, 

a mixture of biosolids with eroded soil was made, on 

which Aromat de Buzău, a cultivar with green leaves, 

was cultivated.  

The results regarding the influence of biosolids on 

the content of total phenols, total flavonoids and the 

antioxidant activity of basil extracts are shown in Table 

II. Both the content of total phenols and flavonoids 

were higher at V1, by 5% and 10% compared to the 

mean of the experimental variants. At the same time, 

the concentration of these compounds decreased as 

the dose of biosolids increased. The lowest values 

were recorded for V5, with a decrease by 3% for 

phenols and 5% for flavonoids compared to the mean 

of the variants. Regarding the antioxidant activity, 

there were significant increases (p ˂  0.05) for V1 and 

V2 compared to V3, V4 and V5, up to 10% in V1 

compared with the mean of the variants. Similar to the 

phenols content, the antioxidant activity decreased as 

the concentration of biosolids in the substrate increased.

Table II 

Phenols, flavonoids content and antioxidant activity of basil extracts 

Treatment Total polyphenols 

 (mg GAE/g fw)  

Total flavonoids 

 (mg QE/g fw)   

Antioxidant activity  

(DPPH inhibition %) 

V5 25.97 ± 0.99b 20.8 ± 0.61b 56.67 ± 1.15b 

V4 25.97 ± 0.64b 20.63 ± 0.67b 57 ± 1b 

V3 26.33 ± 1.05ab 21.3 ± 1.05ab 59.33 ± 1.15b 

V2 27.53 ± 0.51ab 22.9 ± 1.73ab 66 ± 2a 

V1 28.13 ± 0.31a 24.23 ± 1.46a 67.67 ± 1.53a 

Mean 26.78 21.97 61.33 

The values represent the mean ± standard error (n = 3). Different small letters represent significant differences according to Tukey test (p ˂ 0.05) 

 

Plant phenols are products of secondary metabolism 

and have the role of protecting plants against oxidative 

stress by neutralizing free radicals or by decomposing 

H2O2. Free radicals are specific to both plants and 

animals and are produced by incomplete reduction or 

excitation of oxygen molecules during aerobic metabolism. 

Free radicals have a double role, depending on the 

oxidation reactions they produce. Thus, in small 

quantities, they are secondary messengers in the 

transmission of information at the cellular level and 

participate in the development of biochemical reactions 

of metabolism, influencing the development process, 

phagocytosis, or stimulating the synthesis of antioxidant 

enzymes [8].  

The synthesis and, at the same time, the concentration 

of phenolic compounds in plants are influenced by 

growing conditions, variety or harvest period. In turn, 

the synthesis of phenols is in competition with the 

synthesis of proteins, thus, the concentration and 

availability of minerals in the substrate can influence 

the concentration of phenols in plants. For example, 

a low nitrogen content in the substrate can lead to an 

increased synthesis of phenolic compounds with high 

antioxidant activity in basil plants [6]. In a previous 

study, cultivation of basil on eroded soil has led to an 

increase in rosmarinic acid content [4] This may be due, 

according to the carbon/nitrogen balance hypothesis, 

to the low content of nutrients available in the soil, 

which causes the accumulation of secondary metabolites 

in plants by reallocation of mineral resources [26]. 

Basil is known for the synthesis of rosmarinic acid and 

many other polyphenols, such as caffeic, chlorogenic, 

chicory etc. [35]. The use of plants in medicine has 

been practiced since ancient times. Phenols are compounds 

that possess one or more aromatic rings with one or 

more hydroxyl groups. An important bioactivity of 

phenolic compounds is the antimicrobial activity. Plant 

phenols have the ability to alter the permeability of 
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the plasma membrane of microorganisms and to 

affect the enzymatic synthesis or the rigidity of the 

cell wall leading to cell death [41]. Polyphenols, such 

as epicatechin, tannic acid, saponins and chlorogenic 

acid, have antioxidant and antidiabetic capacity [9]. 

As for flavonoids, they have therapeutic properties 

for cardiovascular disease and atherosclerosis [20]. 

Furthermore, flavonoids can act against free radical-

mediated inflammation, cellular signalling and tumours 

[9]. 

The content of chlorophyll-a, chlorophyll-b and 

carotenoids is presented in Table III. Regarding the 

content of chlorophyll-a, significant increases (p ˂  0.05) 

were recorded at V4 and V5 compared to the other 

variants, the increases being 8% and 7%, respectively, 

compared to the mean of the variants. The chlorophyll-b 

content was significantly higher at V1 compared with 

all the variants, with an increase of 16% compared 

with the mean of the variants. The carotenoid content 

was significantly higher (p ˂ 0.05) at V2 and V1, with 

increases of 13% and 19%, respectively, compared 

with the mean of the experimental variants.

Table III 

The content of chlorophyll-a, chlorophyll-b and carotenoids of basil extracts 

Treatment Chlorophyll-a 

(mg/g fw) 

Chlorophyll-b 

(mg/g fw) 

Carotenoids 

(mg/g fw) 

V5 1.28 ± 0.05a 0.42 ± 0.01c 0.19 ± 0.01c 

V4 1.29 ± 0.04a 0.45 ± 0.01b 0.21 ± 0.01bc 

V3 1.17 ± 0.06ab 0.45 ± 0.01b 0.21 ± 0.01bc 

V2 1.13 ± 0.03b 0.45 ± 0.01b 0.26 ± 0.03a 

V1 1.12 ± 0.03b 0.54 ± 0.01a 0.25 ± 0.02ab 

Mean 1.19 0.46 0.22 

The values represent the mean ± standard error (n = 3). Different small letters represent significant differences according to Tukey test (p ˂ 0.05) 

 

The concentration of assimilatory pigments may vary 

depending on environmental conditions (temperature, 

precipitation, soil chemical composition). The evaluation 

of the content of assimilatory pigments in leaves is 

extremely important from a physiological point of 

view, because they are found in the thylakoids of 

chloroplasts and have the role of capturing and 

converting light energy into chemical energy through 

the process of photosynthesis. Moreover, the amount 

of light energy taken up by the leaf is determined by 

the content of assimilatory pigments, which directly 

influence both the photosynthesis process and the 

primary production. Determining the content of 

assimilatory pigments indirectly provides information 

about mineral nutrition, because chlorophyll stores a 

significant amount of nitrogen [14]. Assimilatory 

pigments, and especially carotenoid pigments, also 

have antioxidant activity, protecting plants from oxidative 

stress [2]. We consider that, due to the fact that bio-

solids have an increased nitrogen content, which is 

also part of the constitution of chlorophyll molecules, 

it can induce an increase in the content of assimilatory 

pigments, in plants grown on such a substrate. Similarly, 

Mazen et al. stated that biosolids amendments (0%, 

10%, 25%, 50% and 75%) on a clayey-sandy soil 

increased the content of chlorophyll pigments by 1.5 

times for wheat (Triticum vulgare) and by 1.23 times 

for jute (Corchorus olitorius) [23]. The information 

presented by the literature related to this parameter 

showed that the fertilization of corn with 10 tons ha-1 

of municipal sludge led to an increase in the content of 

assimilatory pigments and better mineral nutrition [39]. 

According to Basirnejad et al., carotenoids have proven 

antioxidant and antitumour effects. Carotenoids are 

classified into two groups: carotenes (β-carotene, α-

carotene and lycopene) which contain hydrogen and 

carbon atoms, and xanthophylls (lutein, zeaxanthin, 

cantaxanthin, α- and β-cryptoxanthin and astaxanthin) - 

which contain hydroxyl and keto groups. The mechanisms 

of action for carotenoids responsible for antitumour 

properties are gap junctional communication (GJC), 

stimulation of detoxifying enzymes and prevention of 

cell proliferation, and also conversion to vitamin A [3]. 

In terms of chlorophyll fluorescence (Figure 1), the 

parameters ΦPSII (quantum yield of PSII) and Fv/Fm 

(maximum quantum yield of PSII) were not significantly 

influenced (p > 0.05) by the concentration of biosolids 

in the substrate. The values of the ΦPSII parameter 

were the highest for the V5 treatment, while all the 

other treatments had lower values of this parameter. 

Regarding the Fv/Fm parameter, there were no statistically 

significant differences between treatments, although 

the highest value was measured for V5. 

Some of the light absorbed by chlorophyll molecules 

is used in photosynthesis, while excess light is dissipated 

in the form of heat and fluorescence. Therefore, 

chlorophyll fluorescence represents the amount of 

light emitted by chlorophyll after the PSII reaction 

centres close, which are reduced and can no longer 

accept electrons; it is used as an indicator of photo-

synthetic light conversion efficiency [22]. According 

to the data presented in the literature, we can assume 

that the decrease in quantum yield of PSII recorded 

in basil plants grown on eroded soil, although the 

differences were insignificant, may demonstrate the 

presence of photooxidative stress induced by the 

cultivation conditions in the photosynthetic apparatus 

of tested plants [25]. 
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Figure 1. 

Chlorophyll fluorescence: maximum quantum yield of PSII - Fv/Fm and actual quantum yield of PSII - ΦPSII in 

basil leaves grown on eroded soil mixed with different concentrations of biosolids. The values represent the 

mean ± standard error (n = 12). Ns = Non-significant differences according to Tukey test (p > 0.05) 

 

The results regarding the morphology and mass of 

basil plants are presented in Table IV. A significant 

increase (p ˂ 0.05) in height was recorded at V5. 

Regarding the fresh mass, the highest value was 

recorded at V3, with an increase of 14% compared 

with the mean of the experimental variants. Smaller 

increases were also recorded in the case of V4 and 

V5 (11% and 1%) compared to the mean. The number 

of leaves was the highest for V4 with an increase of 

23% compared with the mean, while the number of 

lateral stems and root length were the highest for V5. 

At low concentrations of biosolids (1% and 5%) there 

is the possibility of stress appearance caused by a low 

level of nutrients in the substrate available to plants, 

which would explain the low performance of plants 

grown on those variants. The addition of biosolids in 

higher concentrations (10%, 15% and 20%) led to a 

better growth and development of basil, probably due 

to the contribution of organic matter in the substrate, 

which increased the availability of plant nutrients 

Table IV 

Morphological parameters of basil plants 

Treatment Height 

(cm) 

Fresh mass 

(g) 

Leaves 

(no) 

Lateral stems 

(no) 

Root length 

(cm) 

V5 42.33 ± 1.53a 152.77 ± 2.62b 90 ± 2b 11.33 ± 1.15a 4.53 ± 0.31a 

V4 33.53 ± 0.5b 168.47 ± 2.19a 108 ± 2a 10.67 ± 1.15a 4.5 ± 0.26a 

V3 32.73 ± 0.64b 172.33 ± 3.88a 90 ± 2b 8.67 ± 1.15ab 4.57 ± 0.21a 

V2 28.13 ± 0.81c 140.53 ± 3.08c 80 ± 2c 7.33 ± 1.15bc 4.1 ± 0.1ab 

V1 24.17 ± 0.76d 118.7 ± 2.07b 70.67 ± 3.06d 5.33 ± 1.15c 3.47 ± 0.35b 

Mean 32.18 150.56 87.73 8.66 4.23 

The values represent the mean ± standard error (n = 12). Different small letters represent significant differences according to Tukey test (p ˂ 0.05) 

 

Similar results were obtained for other species grown 

on biosolids-amended substrates, with significantly 

positive effects on growth parameters [29], but also 

for basil [18]. In the case of plants grown on 20% 

biosolids, some negative effects were also found, such 

as biomass reduction, effects also mentioned in the 

literature [27, 40]. 

Depending on the plant species, the requirement for 

mineral elements in the soil varies. Thus, some species 

prefer soils richer in nutrients, others prefer saline soils 

(halophilic species) or with a high content of organic 

matter. There is also a specificity to the physical 

characteristics of soils, such as water retention capacity, 

aeration or degree of compaction [21]. A major problem 

nowadays is the decrease of agricultural areas due to 

soil erosion. Decreasing organic matter content is 

considered to be one of the main factors causing soil 

degradation in the European Union (EU) through 

soil erosion [16, 24]. About half of the soil in the EU 

is considered to have a low content of organic matter 

[30, 31]. 

In general, the use of biosolids in agriculture is the 

most appropriate method of reusing this waste, due to 

the very high content of nutrients and organic matter 

it contains [11, 38]. Moreover, some studies have 

demonstrated the positive effect of biosolids on soil 

physicochemical indicators (density, porosity, water 

retention capacity) leading to the stabilization of eroded 

soils [15, 20]. 

The use of biosolids as a fertilizer and soil conditioner 

allows the cultivation of basil on surfaces affected by 

degradation. Biosolids stimulate the synthesis of phenolic 

compounds with high antioxidant activity, thus increasing 
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the profitability of this crop by providing raw materials 

of phenolic compounds for the pharmaceutical industry. 

 

Conclusions 

The biosolids used in this experiment can be used for 

basil cultivation, with positive effects on plant growth 

and fresh mass production. The most important positive 

effects on production were recorded for the addition 

of biosolids in concentrations of 10% and 15%. The 

synthesis of phenolic compounds and antioxidant activity 

were higher in variants with a lower concentration of 

biosolids (1% and 5%). However, the physiological 

indicators investigated were not negatively influenced. 

Altogether, the obtained results allow the extension of 

the tests, by applying biosolids in different concentrations 

in the basil culture, for the evaluation of additional 

secondary production indicators, such as the content of 

volatile oils, their chemical composition and biological 

activity. These results bring valuable information for 

obtaining basil plants with improved properties for 

further pharmacological applications. 
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