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Abstract 

A field experiment was conducted on wild thistle (Silybum marianum 

L.) at the College of Agriculture, Al-Qasim Green University. This 

study employed a completely randomized design (CRD) with four 

treatments to investigate the effect of foliar fertilization with biostim-

ulants, in addition to conventional and nano-enriched NPK fertilizers, 

on the synthesis of secondary metabolites and antioxidant activity 

during the winter of 2024. The initial treatment (T0) was water spray-

ing. In treatment T1, a standard NPK fertilizer was sprayed at a con-

centration of 2 g/L. The third treatment (T2) involved spraying a 

nano-enriched NPK fertilizer at a concentration of 2 g/L. In the fourth 

treatment (T3), a biostimulant was sprayed at a concentration of 2 

mL/L, in addition to the wild thistle treatment. High-performance liq-

uid chromatography (HPLC) analysis was performed on the plants, 

and the data showed that wild thistle plants outperformed those 

sprayed with water alone. The T3 plants were found to outperform 

other produced plants and natural samples in all measured parame-

ters, including total phenolic compounds, flavonoids, and alkaloids. 

T3 plants contained higher levels of glutathione (GSH), cysteine, me-

thionine, gallic acid, apigenin, kaempferol, and ferulic acid (192.1, 

59.9, and 86.9 ppm, 125.9, 80.9, 85.4, and 97.4 mg/g, respectively), 

indicating their antioxidant activity. This research reveals that bi-

ostimulants are essential for increasing crop productivity and plant 

selection in modern agriculture. 

Keywords: Wild plant, Silybum marianim, biofertilizers, nano-ferti-

lizers, NPK, secondary metabolites. 
Introduction  

An increasing number of researchers are looking into the potential of medicinal 

plants and biologically active compounds found in food to treat metabolic diseases [1]. 

A lot of the physiologically active chemicals used to treat metabolic diseases come 

from herbs and shrubs. One of these herbal varieties, milk thistle (Silybum marianum 

L.), has a long history of use as a medicine and a therapeutic herb [2]. 
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Because of its abundance of secondary chemicals such as phenols, flavonoids, and 

alkaloids, Silybum marianum is a medicinal plant that is utilized extensively. Among 

its numerous pharmacological actions, these chemicals are associated with its antioxi-

dant and liver-protective capabilities [3,4]. Southern Europe, North Africa, the Amer-

icas, Australia, and some regions of Asia are native habitats for this Asteraceae species. 

More than two thousand years of traditional medicine have made use of it [5]. 

According to research conducted by [6], S. marianum contains numerous phenolic 

compounds, including gallic acid, an agent that reduces inflammation and acts as an 

antioxidant. Additionally, it finds applications in both industry and medicine. Some of 

the components that aid the plant's biological activity are rutin, apigenin, and 

kaempferol; these serve to protect tissues, combat inflammation, and act as antioxi-

dants [7,8,9]. Research shows the plant's medicinal value and the link between its sec-

ondary chemical concentration and treatment efficacy . 

The biological value, productivity, and chemical content of the wild plant depend 

on the nutrients and conditions in which it grows. Recent developments in agricultural 

technology, such as biostimulants and nano-fertilizers, have shown promise in improv-

ing mineral uptake and triggering the biological processes that lead to secondary chem-

ical synthesis [10, 11]. However, few studies compare wild and cultivated milk thistle 

in controlled environments, and even fewer investigate the effects of these fertilization 

methods on wild milk thistle. 

Therefore, this study seeks to examine the impact of three foliar fertilization meth-

ods (conventional NPK, nano-NPK, and biostimulant) on the secondary metabolite 

composition and antioxidant activity of the S.marianum plant, while also comparing 

the findings with those of the wild plant specimen to identify the most effective treat-

ment for enhancing its medicinal properties.  

 

Materials and Methods 

Agricultural Experiment Design 

A research experiment was conducted at the College of Agriculture, Al-Qasim 

Green University, in the winter season of 2024-2025, where seeds of the S.marianum 

plant were planted at a rate of 5 seeds in plastic pots with dimensions of 20 cm height 

× 15 cm diameter and a capacity of 5 kg. The soil was filled with a soil mixture that 

included German peat moss. The soil mixture included river soil in a ratio of 2:1. The 

date of planting was 12/12/2024, and the seedlings emerged in their entirety on 

22/12/2024. The process of thinning was initiated once four genuine leaves emerged.  

Afterwards, on January 19, 2025, fertilizer was sprayed on. There are four procedures 

involved in fertilization (Table 1). There was a total of six sprays administered, with 

five replicates for each treatment. The treatments were randomly dispersed, with a ten-

day gap between each spray, and the last spray was on 2025/3/10. During the growth 

stage, watering was kept up in accordance with the plant's requirements, and weeding 

was done continuously. The necessary measurements were collected one week after 

the most recent spray. 
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Table (1): Type of Fertilization Treatments 

Code Type of Treatment Concentration 

T0 Comparison Treatment – Water Only Spray - 

T1 Balanced NPK (20:20:20 + Trace elements) 2 g .L-1 

T2 Nano NPK (Non-Nutrient) Fertilizer 2 g.L-1 

T3 Biostimulant (Tecamin Algae, seaweed ex-

tract – Spain) 

2 ml.L-1 

 

Fertilization-Related Metabolites 

For the purpose of comparing amino acids, flavonoids, and alkaloids in both wild 

and field-grown plants that were treated with various fertilizers, a clean glass beaker 

was used to deposit 1g of plant powder for each species and treatment. To validate 

solvent-plant material contact, the beaker had a seal after adding 10 ml of strong or-

ganic ethanol solvent. It was then left at room temperature for 24 to 48 hours, stirring 

occasionally. The active compounds were isolated after the extract was filtered using 

clean gauze and filter paper. Before use, the extract was preserved in opaque, sterile 

containers [12]. 

 

Detection of Active Chemical Compounds in Leaves 

A. Detection of glycosides: as outlined by [13]. 

B. Detection of terpenes: as reported by [14]. 

C. Detection of tannins: as described by [13]. 

D. Detection of flavonoids: as described by [15]. 

E. Detection of alkaloids: as outlined by [12]. 

F. Detection of phenols: as described by [12]. 

 

Aluminum chloride colorimetry was employed to assess plant flavonoids for the 

determination of total flavonoid content 

 Ten ml of the extract were obtained by sequentially adding solutions of sodium nitrite, 

aluminum chloride, and sodium hydroxide. Measure the total flavonoid concentration 

by recording the absorbance at 510 nm after incubation and correlating it with a cali-

bration curve. [16] indicate that rutin is quantified in milligrams per gram of dry 

weight. 

Total Phenolic Content Estimation 

 After the phenolic content of the ethanolic extract has been measured using the Folin-

Ciocalteau reagent, 10ml of sodium carbonate should be added, the volume should be 

adjusted to 10ml, the incubation time should be 10 min, and the absorbance should be 

measured at 765 nm. A gallic acid calibration curve was developed using the data by 

[17]. The curve reported mg gallic acid equivalents/g dry weight. 

Estimation of Total Alkaloids 

Twenty of plant material were pulverized and extracted in methanol using a Soxhlet 

apparatus in just 24hr at a temperature of 45°C. Redissolved in hydrochloric acid and 

filtered after dry residue from vacuum-induced evaporation, the extracts were taken. 
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Before the addition of phosphate buffer and bromocresol green, the solutions were neu-

tralized. In volumetric flasks, chloroform mixtures were transferred.  Using 470nm 

UV-Vis spectrophotometry, [18] calculated atropine equivalents/g dry weight . 

Amino acid concentration  

   It was determined by dissolving 3 g of dry powder from each sample in 1ml of hy-

drochloric acid at 55 Cº for 3 hr., drying the mixture, and then dissolving it again in a 

sodium citrate solution with a pH of 2.2. The resulting mixture was then filtered. Shake 

the samples after exposure to orthophthalaldehyde (OPA). The solution was subjected 

to an HPLC analysis by adding 100 µL to a C18-NH2 column (1.6 µm particle size, 

2.1 × 150 mm), which allowed for a total run time of only 10 min, including equilibra-

tion with a 20:60:20 methanol:acetonitrile:5% formic acid carrier phase, all flowing at 

a rate of 1 mL/min. [19] found that glutathione, methionine, and cysteine were detected 

by a fluorescence detector operating at 445 and 465 nm. 

 Antioxidant Activity Test 

    For the A-DPPH approach  (act as a positive control), mix 400 µg/mL DPPH in meth-

anol with 5000 mg. L-1 vitamin C stock solution and separate samples at 30–500 mg. 

L-1. Mixed the solutions, let them stand at room temperature for 30 minutes, and meas-

ured absorbance at 517 nm with a UV-VIS spectrometer [20]. 

Elimination implications (%) = (A0-A1)/A0 x 100 for DPPH free radical inhibition . 

The dose-response curve, used to calculate IC₅₀, shows that lower absorbance suggests 

stronger antioxidant activity . 

For the Hydrogen Peroxide (H₂O₂) Method: 100 µg.ml-1 samples were added to a 40 

mM solution at pH 7.4, interrupted for 10 minutes, and compared to a control solution 

at 230 nm. The H₂O₂ elimination rate was determined using the following formula  : 

H₂O₂ removal % = (AC-AS)/AC x 100, where AS is sample absorbance and AC is 

control absorbance [21]. 

Statistical analysis 

     The Completely Randomized Design (CRD) was utilized to evaluate the experiment 

with four treatments and the wild S.marianum plant as a second chemical comparison 

treatment. The study evaluated antioxidants in both wild and cultivated plants using a 

two-factor factorial approach. Initially, a comparison was made between wild plants, 

vitamin C (V.C.), and four treatments (T0, T1, T2, and T3). The second part of the 

study involved measuring the concentration of free radicals at various parts per million 

(ppm): 30, 60, 120, 250, 500, and IC50. LSD at 0.05 was used to compare treatment 

averages in GenStat v.12. 

 

Results and Discussion 

 After confirming the presence of flavonoids through indicative detection, the con-

centration of five flavonoid compounds (gallic acid, rutin, apigenin, kaempferol, and 

ferulic acid) was compared between the wild S.marianum plant and the field-treated 

plants under the influence of four treatments (T0, T1, T2, and T3) using the HPLC 

technique, as shown in Figure 1  . 

Results indicated that flavonoid content ratios varied significantly. Before treat-

ments T1 and T2, the control plants were not as effective as the wild plants at time zero 



Journal of Kerbala for Agricultural Sciences Issue (1), Volume (13), (2026) 

  

122 
 

(T0). In contrast to the prior agricultural treatments and wild plants, treatment T3 

demonstrated superior performance. In addition, Figure 2 shows that various flavonoid 

compounds reacted differently to field treatments. From treatment zero to treatment 

three, the rutin compound rose to levels higher than those in wild S. marianum . 

The chemical apigenin showed a considerable rise in the T2 and T3 treatments 

compared to the others, with T3 concentrations approaching those of wild S.marianum. 

Gallic acid levels peaked in the T3 treatment, surpassing those found in wild S.maria-

num. Ferulic acid, kaempferol, and quercetin levels increased significantly with each 

treatment, peaking in T3 at levels higher than those seen in wild S.marianum . 

These findings represent the different reactions of flavonoid compounds to field 

treatments, emphasizing the importance of the type of treatment in increasing the levels 

of specific compounds above those in wild plants. It was also discovered that the ferti-

lization factor influenced the variance in flavonoid concentration, resulting in an in-

crease in flavonoid accumulation. This data shows that the way the plants are grown or 

treated has a direct effect on their chemical makeup, which is crucial for biology. The 

fact that they are accumulating means that the plants are becoming more nutritious and 

useful for medicine. From this, it is clear that the studied field treatments contribute to 

increasing the flavonoid content in the S.marianum plant to levels that may exceed 

those of the wild plant, thus enhancing its nutritional and medicinal value and indicat-

ing the possibility of improving the plant's quality through careful field management. 

 
Figure (1): Content of flavonoid compounds in wild and cultivated S.marianum plants, 

Where (T0) Water Only Spray; (T1) Balanced NPK; (T2) Nano NPK, (T3) Biostimu-

lant , retention time (Rt), and area (Ar).  
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Figure (2): Comparison of flavonoid content in wild and field-treated chicory using 

HPLC. Where (T0) Water Only Spray; (T1) Balanced NPK; (T2) Nano NPK, and 

(T3) Biostimulant; (L. S. D. = Rutin = 1.18, Apigenin = 1.22, Gallic acid = 1.414, 

Quercetin = 0.99, Kaempferol =1.175, Ferulic acid = 1.113. 

 

When comparing the total flavonoid content between the wild Silybum plant and 

the field-treated plants under four different treatments (T0, T1, T2, T3), the results 

indicate significant differences in flavonoid content. Treatment T0 had the lowest 

amount, at 33.6 mg/g, and treatment T1 had the next lowest amount, at 43.1 mg/g. As 

for treatment T2, it witnessed a significant increase in flavonoid content, reaching 61.8 

mg/g, while treatment T3 recorded the highest value at 74.9 mg/g. This concentration 

is in contrast to the flavonoid content found in the wild plant, which was approximately 

41.5 mg/g, as depicted in Fig. 3 . 

 

 
Figure (3): Comparison of total flavonoid content (mg/g) in wild Silybum and field 

treatments. Where (T0) Water Only Spray; (T1) Balanced NPK; (T2) Nano NPK, and 

(T3) Biostimulant; (LSD at 5% probability level = 1.45) . 
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    The analysis looked at the total phenolic content of wild Silybum plants as opposed 

to that of field-treated plants, which went through four different treatments (T0, T1, 

T2, and T3) and noted large differences. T0 had the lowest phenolic content at 165.8 

mg/g, which in turn was followed by T1 at 173.8 mg/g. Treatment T2 had a significant 

increase in phenolic content, reaching 188.9 mg/g. Treatment T3 had the highest level, 

at 197.8 mg/g.  This measurement contrasts with the wild plant, which had a phenolic 

content of 174.0 mg/g (Figure 4).  The same is true for the alkaloids, as seen in Figure 

5. 

 

 
  

Figure (4): Comparison of total phenolic content (mg/g) in wild Silybum and field 

treatments. Where (T0) Water Only Spray; (T1) Balanced NPK; (T2) Nano NPK, and 

(T3) Biostimulant; (LSD at 5% probability level= 1.85). 

 

 
Figure (5): Comparison of the total alkaloid content as a percentage (%) in wild Si-

lybum and field-treated. Where (T0) Water Only Spray; (T1) Balanced NPK; (T2) 

Nano NPK, and (T3) Biostimulant; (LSD at 5% probability level = 0.09) . 

 

The concentrations of two amino acids (methionine and cysteine) were compared, 

as well as the antioxidant glutathione (GSH), between the wild Silybum plant and the 

field-treated plants under the influence of four treatments by using the HPLC tech-

nique, as shown in Fig. 6. There was a significant difference in the concentration of the 

studied amino acids and antioxidants in the wild Silybum plant. Thus, the differences 

in the cultivated plants and field treatments were observed, as it was found that the 

amino acid methionine in wild Silybum has the highest concentration at approximately 

62.5 ppm, while the amino acid cysteine recorded the lowest concentration at approx-
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imately 22.5 ppm. The concentration of the GSH compound reached 141.5 ppm. But 

when comparing these values with the field-cultivated plant without the addition of any 

type of fertilizer (T0), we notice a clear decrease in those compounds. T0 records 62.0, 

20.1, and 137.7 ppm in methionine, cysteine, and GSH, respectively. The T2 plant was 

recorded after the T1 plant, while the plant treated with organic fertilizers (T3) showed 

the highest concentration of all the active compounds identified in the study. Overall, 

all studied active compounds showed a gradual increase in content from the control 

treatment (T0), which used only water, to the biofertilizer-supplemented plant (T3), 

with the latter exhibiting the highest concentration of all compounds. The studied field 

treatments contribute to increasing the content of active compounds in the plant to lev-

els that may exceed those of the wild plant, thereby enhancing its nutritional and me-

dicinal value and indicating the possibility of improving the quality of the plant through 

the studied field management . 

 
Figure (6): Comparison of the content of active compounds in wild and field-treated 

Silybum plants. Where (T0) Water Only Spray; (T1) Balanced NPK; (T2) Nano NPK, 

and (T3) Biostimulant; (LSD at 5% probability level: GSH=2.70; Methionine =2.59; 

Cysteine=1.198) 

 

The study compared the antioxidant activity of medicinal plant extracts from spe-

cies in the Asteraceae family with the synthetic antioxidant vitamin C using the DPPH 

and hydrogen peroxide (H₂O₂) methods. The comparison was made between the wild 

Silybum plant and the field-treated plants under the influence of four treatments (T0, 

T1, T2, T3). Figure 7 shows that there is a difference in antioxidant activity between 

the wild Silybum plant, the cultivated plants and Vitamin C . 

In general, the observed antioxidant effects gradually increased from the plant 

grown with only water as a control treatment (T0) to the plant supplemented with bio-

fertilizer (T3), which exhibited the highest inhibition of free radicals at all concentra-

tions . 

The concentrations of 30, 60, 120, 250, and 500 ppm recorded values of 27.00, 

49.74, 66.44, 75.48, and 79.00%, respectively. They also showed a clear variation in 
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the response of the antioxidant effect of the field treatments compared to Vitamin C, 

which recorded the highest value . 

For the antioxidant activity at a concentration of 500 ppm, it was 61.42%, while 

the lowest recorded value at a concentration of 30 ppm was 12.05%. The concentra-

tions of 60, 120, and 250 ppm averaged those limits with values of 22.14, 42.65, and 

55.08%, respectively. Through the results that demonstrate the antioxidant activity and 

the amount of active compounds in the plant extracts of the studied samples and Vita-

min C, shown in Figure 7 

Additionally, it was found that the DPPH free radical scavenging activity, meas-

ured as IC50, was 140.6, 104.5, 120.0, 100, 94.6, and 90.9% for the samples Vit C., 

Wild Silybum, T0, T1, T2, and T3, respectively . 

As for the examination of antioxidant activity using the hydrogen peroxide (H₂O₂) 

test, the results, as shown in Fig. 8, indicated a difference in antioxidant activity in the 

wild Silybum plant. Consequently, there was a difference between the cultivated and 

field-treated plants (T0, T1, T2, and T3) and vitamin C, which were 3.25, 3.00, 3.19, 

3.66, 3.74, and 2.75%, respectively . 

 
Figure (7): Comparison of antioxidant content using the DPPH% method in wild and 

field-treated Silybum plants. Where (T0) Water Only Spray; (T1) Balanced NPK; (T2) 

Nano NPK, and (T3) Biostimulant; (LSD at 5% probability level = 1.27) . 
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Figure (8): Comparison of antioxidant content by hydrogen peroxide reduction method 

(H₂O₂%) in wild and field-treated Silybum plants. Where (T0) Water Only Spray; (T1) 

Balanced NPK; (T2) Nano NPK, and (T3) Biostimulant; (LSD at 5% probability level 

= 0.079). 

 The findings indicated that fertilization treatments, particularly bio-treatment, re-

sulted in a significant enhancement of secondary component levels, aligning with the 

research aim of augmenting the plant's medicinal value through field management . 

The increasing popularity of medicinal plants necessitates the application of di-

verse fertilization methods and agricultural tactics to enhance nutrient absorption and 

optimize the efficiency of secondary chemical production in plants. [11, 22] are merely 

two of numerous studies that underscore the significance of tailored fertilization tactics 

for ensuring sustained production and enhancing the quality of medicinal plants. In 

accordance with the findings of [23], organic or biofertilization is advocated as a sus-

tainable alternative to traditional chemical inputs, aimed at improving plant attributes . 

Compared to the control treatment (T0), the findings of this study indicated that the 

use of biostimulants during fertilization (T3) markedly elevated the concentrations of 

secondary chemicals, including gallic acid, rutin, apigenin, kaempferol, and caffeic 

acid. The increase is primarily attributed to the correlation between essential nutrients, 

particularly nitrogen, phosphorus, and potassium, and fundamental biological pro-

cesses such as photosynthesis, respiration, and the synthesis of proteins, enzymes, and 

plant hormones, as noted by [24, 25]. This therefore influences the augmentation of 

secondary chemicals . 

The findings align with the conclusions of [26] about the role of phosphorus in 

activating biosynthetic pathways and enzymes responsible for the production of bene-

ficial chemicals.  The results corroborate [27] on phosphorus's role in augmenting the 

antioxidant system by increasing the activity of SOD, CAT, POD, and APX enzymes. 

An elevation in phosphorus results in enhanced biosynthetic chemical production, re-

duced oxidative stress, and improved electron transport [28, 29]. The synthesis of phe-

nols and flavonoids involves phosphorus, which is essential for energy transmission 

inside plant cells [30]. 

Potassium's fundamental roles encompass sustaining ionic equilibrium, regulating 

osmotic pressure, activating enzymes, and augmenting the efficacy of photosynthesis. 

For therapeutic reasons, these minerals facilitate the plant's chemical synthesis [31, 32]. 

[33] contend that the synergistic effects of nitrogen, phosphorus, and potassium aug-

ment the metabolic processes of the plant . 

The results of the nano-fertilizer impact (T2) align with prior studies demonstrating 

that nano-fertilizers enhance secondary compound accumulation by improving nutrient 

absorption due to their diminutive particle size, supporting the findings of [34 and 35]. 

This underscores the substantial advantage of nano-fertilizer treatment over traditional 

methods. 

The study also found that the biostimulant (T3) significantly increased secondary 

component levels and antioxidant activity. According to [36 and 37], this is due to the 

fact that it contains plant hormones, amino acids, and macronutrients, all of which pro-
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mote quicker plant growth and initiate biosynthetic pathways that produce secondary 

chemicals. Another reason it has this effect is that it stimulates the PAL enzyme, which 

is involved in the phenylpropanoid pathway and the production of phenols [38, 39]. 

There is a correlation between phenol concentration and antioxidant capacity, accord-

ing to [40]. 

These findings align with multiple studies that have illustrated the role of biostim-

ulants in enhancing the quality of medicinal plants, including research by [41, 42, 43, 

and 44] regarding the impact of organic fertilization on augmenting the active com-

pounds in wild Silybum . 

This study's results provide more evidence that natural stress caused by the wild 

plant's habitat increases concentrations of some secondary compounds. But these com-

pounds were found to be much higher in biofertilized plants than in wild plants, show-

ing that careful field management can improve a plant's medicinal value. This finding 

is supported by [45 and 46]. 

According to [10] research shows that using modern fertilization techniques, espe-

cially biostimulants, is a sustainable way to make plants more effective and have better 

medicinal capabilities. 

     This research has shown that agricultural methods, especially biofertilization, 

greatly improve Silybum marianum’s chemical and medicinal properties. The study 

found that the biostimulant (T3) used in the experiments performed better than all other 

treatments. The results saw an increase in glutathione, cysteine, and methionine, and 

the levels of alkaloids, flavonoids, and phenols were the highest reported. Furthermore, 

this treatment, which supports the plant’s defense system, did the best in our DPPH 

and H₂O₂ tests. We note that in some cases, the farmed plant did better than the wild in 

terms of medicinal and nutritional value. Biofertilization is a very large-scale solution 

for improving the quality and yield of medicinal plants. 

 

References  

1) Muvhulawa, N., Dludla, P. V., Ziqubu, K., Mthembu, S. X., Mthiyane, F., Nkam-

bule, B. B., & Mazibuko-Mbeje, S. E. (2022). Rutin ameliorates inflammation and 

improves metabolic function: A comprehensive analysis of scientific literature. 

Pharmacological research, 178, 106163. 

2) Al-Bazaz, H. K., Al-Ezzi, M. I., & Jasim, G. A. (2020). Pharmacological and Phar-

macognosticl Activity of Silybum marianum. Al Mustansiriyah Journal of Pharma-

ceutical Sciences, 20(3), 71-81. 

3) Abenavoli, L., Izzo, A. A., Milić, N., Cicala, C., Santini, A., & Capasso, R. (2018). 

Milk thistle (Silybum marianum): A concise overview on its chemistry, pharmaco-

logical, and nutraceutical uses in liver diseases. Phytotherapy research, 32(11), 

2202-2213. 

4) Aziz, M., Saeed, F., Ahmad, N., Ahmad, A., Afzaal, M., Hussain, S., ... & Anjum, 

F. M. (2021). RETRACTED: Biochemical profile of milk thistle (Silybum Maria-



Journal of Kerbala for Agricultural Sciences Issue (1), Volume (13), (2026) 

  

129 
 

num L.) with special reference to silymarin content. Food science & nutrition, 9(1), 

244-250. 

5) Tamayo, C., & Diamond, S. (2007). Review of clinical trials evaluating safety and 

efficacy of milk thistle (Silybum marianum [L.] Gaertn.). Integrative cancer thera-

pies, 6(2), 146-157. 

6) Fernandes, F. H. A., & Salgado, H. R. N. (2016). Gallic acid: review of the methods 

of determination and quantification. Critical reviews in analytical chemistry, 46(3), 

257-265. 

7) Kreft, S., Knapp, M., & Kreft, I. (1999). Extraction of rutin from buckwheat (Fag-

opyrum esculentum Moench) seeds and determination by capillary electrophoresis. 

Journal of agricultural and food chemistry, 47(11), 4649-4652. 

8) Adisakwattana, S. (2017). Cinnamic acid and its derivatives: mechanisms for pre-

vention and management of diabetes and its complications. Nutrients, 9(2), 163. 

9) Zavoshy R., Noroozi M., Jahanihashemi H. Effect of low-calorie diet with rice bran 

oil on cardiovascular risk factors in hyperlipidemic patients. J. Res. Med. Sci. 2012; 

17:626–631. 

10) Rouphael, Y., & Colla, G. (2020). Biostimulants in agriculture. Frontiers in plant 

science, 11, 40. 

11) Sun, J., Luo, H., Jiang, Y., Wang, L., Xiao, C., & Weng, L. (2022). Influence of 

nutrient (NPK) factors on growth, and pharmacodynamic component biosynthesis 

of Atractylodes chinensis: an insight on Acetyl-CoA Carboxylase (ACC), 3-Hy-

droxy-3-Methylglutaryl-CoA reductase (HMGR), and farnesyl pyrophosphate syn-

thase (FPPS) signaling responses. Frontiers in Plant Science, 13, 799201. 

12) Harborne, A. J. (1998). Phytochemical methods a guide to modern techniques of 

plant analysis. springer science & business media. 

13) Adedayo, O., Anderson, W. A., Moo-Young, M., Snieckus, V., Patil, P. A., & Ko-

lawole, D. O. (2001). Phytochemistry and antibacterial activity of Senna alata 

flower. Pharmaceutical biology, 39(6), 408-412. 

14) Ayoola, G. A., Coker, H. A., Adesegun, S. A., Adepoju-Bello, A. A., Obaweya, K., 

Ezennia, E. C., & Atangbayila, T. O. (2008). Phytochemical screening and antiox-

idant activities of some selected medicinal plants used for malaria therapy in South-

western Nigeria. Tropical journal of pharmaceutical research, 7(3), 1019-1024. 

15) Billowria, K., Ali, R., Rangra, N. K., Kumar, R., & Chawla, P. A. (2024). Bioactive 

flavonoids: a comprehensive review on pharmacokinetics and analytical aspects. 

Critical Reviews in Analytical Chemistry, 54(5), 1002-1016. 

16) Sofiane, G., & Wafa, N. (2018). In Vitro Antioxidant and Anti-Inflammatory Ac-

tivities Valorisation of Methanol Extracts of Orchis maculata L. subsp baborica M. 

Et W and Ophrys subfusca (Rchb.) Batt. Sciences (IRJPMS), 1(3), 22-25. 



Journal of Kerbala for Agricultural Sciences Issue (1), Volume (13), (2026) 

  

130 
 

17) Kingne, F. K., Djikeng, F. T., Tsafack, H. D., Karuna, M. S. L., & Womeni, H. M. 

(2018). Phenolic content and antioxidant activity of young and mature mango (Man-

gifera indica) and avocado (Persea americana) leave extracts. J. Food. Stab, 1, 14-

27. 

18) Ajanal, M., Gundkalle, M. B., & Nayak, S. U. (2012). Estimation of total alkaloid 

in Chitrakadivati by UV-Spectrophotometer. Ancient science of life, 31(4), 198-

201. 

19) Dahl-Lassen, R., van Hecke, J., Jørgensen, H., Bukh, C., Andersen, B., & 

Schjoerring, J. K. (2018). High-throughput analysis of amino acids in plant materi-

als by single quadrupole mass spectrometry. Plant Methods, 14(1), 8. 

20) Ahmad, M., Saeed, F., & Noor Jahan, M. (2013). Evaluation of insecticidal and 

antioxidant activity of selected medicinal plants. Journal of Pharmacognosy and 

Photochemistry, 2(3), 153-158. 

21) Keser, S., Celik, S., Turkoglu, S., Yilmaz, O., & Turkoglu, I. (2012). Hydrogen 

peroxide radical scavenging and total antioxidant activity of hawthorn. Chem J, 

2(1), 9-12. 

22) Lemaire, G., & Ciampitti, I. (2020). Crop mass and N status as prerequisite covari-

ables for unraveling nitrogen use efficiency across genotype-by-environment-by-

management scenarios: a review. Plants, 9(10), 1309. 

23) Gupta, M. L., Prasad, A., Ram, M., & Kumar, S. (2002). Effect of the vesicular–

arbuscular mycorrhizal (VAM) fungus Glomus fasciculatum on the essential oil 

yield related characters and nutrient acquisition in the crops of different cultivars of 

menthol mint (Mentha arvensis) under field conditions. Bioresource Technology, 

81(1), 77-79. 

24) O'Dell, C. R. (2009). Natural plant hormones are biostimulants helping plants de-

velop higher plant antioxidant activity for multiple benefits. Virginia Vegetable, 

Small Fruit and Special Crops, 2(6), 1 – 3. 

25) Olesińska, K., Sugier, D., & Kaczmarski, Z. (2021). Yield and chemical composi-

tion of raw material from meadow arnica (Arnica chamissonis Less.) depending on 

soil conditions and nitrogen fertilization. Agriculture, 11(9), 810. 

26) Mijani G.A.A., Sharifabad H.H., Panahi B. (2021) Determination of optimum N 

and P fertilization levels for dry flower yield and essential oil percentage in autumn-

grown German chamomile (Matricaria chamomilla) in Jiroft, Iran. Plant Ecophys-

iol.;3:47. 

27) Gill, S. S., & Tuteja, N. (2010). Reactive oxygen species and antioxidant machinery 

in abiotic stress tolerance in crop plants. Plant physiology and biochemistry, 48(12), 

909-930. 



Journal of Kerbala for Agricultural Sciences Issue (1), Volume (13), (2026) 

  

131 
 

28) Arora, D., Jain, P., Singh, N., Kaur, H., & Bhatla, S. C. (2016). Mechanisms of 

nitric oxide crosstalk with reactive oxygen species scavenging enzymes during abi-

otic stress tolerance in plants. Free Radical Research, 50(3), 291-303. https://doi. 

org/10.3109/10715762.2015.1118473. 

29) Talbi Zribi, O., Mbarki, S., Metoui, O., Trabelsi, N., Zribi, F., Ksouri, R., & Ab-

delly, C. (2021). Salinity and phosphorus availability differentially affect plant 

growth, leaf morphology, water relations, solutes accumulation and antioxidant ca-

pacity in Aeluropus littoralis. Plant Biosystems-An International Journal Dealing 

with all Aspects of Plant Biology, 155(4), 935-943. 

30) Shen, S., Huang, R., Li, C., Wu, W., Chen, H., Shi, J., Chen, S. and Ye, X., (2018). 

Phenolic compositions and antioxidant activities differ significantly among sor-

ghum grains with different applications. Molecules, 23(5), p.1203. 

31) Ali, L.; Alsanius, B.W.; Rosberg, A.K.; Svensson, B.; Nielsen, T.; Olsson, M.E. 

Effects of Nutrition Strategy on the Levels of Nutrients and Bioactive Compounds 

in Blackberries. Eur. Food Res. Technol. 2012, 234, 33–44. 

32) Li, L. Q., Lyu, C. C., Li, J. H., Tong, Z., Lu, Y. F., Wang, X. Y., ... & Lu, L. M. 

(2019). Physiological analysis and proteome quantification of alligator weed stems 

in response to potassium deficiency stress. International Journal of Molecular Sci-

ences, 20(1), 221. 

33) Barraza-Elenes, C., Camacho-Hernández, I. L., Yahia, E. M., Zazueta-Morales, J. 

J., Aguilar-Palazuelos, E., Heredia, J. B., ... & Carrillo-López, A. (2019). Analysis 

by UPLC–DAD–ESI-MS of phenolic compounds and HPLC–DAD-based determi-

nation of carotenoids in noni (Morinda citrifolia L.) bagasse. Journal of Agricultural 

and Food Chemistry, 67(26), 7365-7377. 

34) Shakir, A. A., Salman, E. F., Shakir, A. J., Mohammed, M. A., Abdulridha, W. A. 

M., & Almayahi, B. A. (2019). Optical properties of polyvinyl alcohol membrane 

with n-HAp for bio-medical applications. Prensa Medica Argentina, 105(11), 836-

841. 

35) Adibah, F. S. F., Jahan, M. S., & Fatihah, H. N. N. (2020). Betaine-rich Nano ferti-

lizer improves growth parameters of Zea mays var. saccharata and Arabidopsis tha-

liana under salt stress. Bulg J Agric Sci, 26(1), 177-185. 

36) Amir, R., Galili, G., & Cohen, H. (2018). The metabolic roles of free amino acids 

during seed development. Plant Science, 275, 11-18. 

37) Biswas, A., Ullah, H., Himanshu, S. K., Praseartkul, P., Tisarum, R., Cha-um, S., 

& Datta, A. (2025). Biostimulant Enhances Growth, Herbage Yield, and Physio-

Biochemical Characteristics of Sweet Basil Plants under Drought Stress. Russian 

Journal of Plant Physiology, 72(1), 4. 



Journal of Kerbala for Agricultural Sciences Issue (1), Volume (13), (2026) 

  

132 
 

38) Rouphael, Y., Franken, P., Schneider, C., Schwarz, D., Giovannetti, M., Agnolucci, 

M., et al. (2015). Arbuscular mycorrhizal fungi act as biostimulants in horticultural 

crops. Sci. Hortic. 196, 91–108. doi: 10.1016/j.scienta.2015.09.002. 

39) Kany, M. A. (2023). Effect of Different Sources of Organic Fertilizers and Foliar 

Application of some Amino Acids on Wheat Productivity and some Soil Properties. 

Journal of Soil Sciences and Agricultural Engineering, 14(8), 209-215. 

40) Ulewicz-Magulska, B., & Wesolowski, M. (2023). Antioxidant activity of medici-

nal herbs and spices from plants of the Lamiaceae, Apiaceae and Asteraceae fami-

lies: Chemometric interpretation of the data. Antioxidants, 12(12), 2039. 

41) Al-Jibawi, H. H., & Mijwel, A. K. (2025). The Role of Biofertilizers and Sprouted 

Barley Grain Extract in Enhancing the Active Compound Content of Arugula Eruca 

vesicaria Mill Seeds Oil to Achieve Agricultural Sustainability. Basrah Journal of 

Agricultural Sciences, 38(1), 170-182. 

42) Al-Yasiry, Z. F. H., & Mijwel, A. K. (2024). Role of Bio-fertilizer and Amino acid 

spraying on growth and yield of two type Mint plant and its contents of some active 

constituents. Euphrates Journal of Agriculture Science, 16(2), 605-516. 

43) Majwel, A. K., & Abbas Ghafil Al-Khafaji, S. (2021). Role of Nano-Biostimulant 

and Some Micro-Elements in The Enzymatic and Chemical Content of Common 

Bean (Phaseolus Vulgaris L.) Grown Under Unheated Plastic House. In IOP Con-

ference Series: Earth and Environmental Science (Vol. 910, No. 1, p. 012118). IOP 

Publishing. 

44) Zahra, K. F., Lefter, R., Ali, A., Abdellah, E. C., Trus, C., Ciobica, A., & Timofte, 

D. (2021). The involvement of the oxidative stress status in cancer pathology: A 

double view on the role of the antioxidants. Oxidative Medicine and Cellular Lon-

gevity, 2021(1), 9965916. 

45) Carrubba, A., & Torre, R. L. (2003). Cultivation trials of milk thistle (Silybum mari-

anum Gaertn.) into the semiarid Mediterranean environment., 14-19. 

46) Afshar, R. K., Chaichi, M. R., Assareh, M. H., Hashemi, M., & Liaghat, A. (2014). 

Interactive effect of deficit irrigation and soil organic amendments on seed yield 

and flavonolignan production of milk thistle (Silybum marianum L. Gaertn.). Indus-

trial Crops and Products, 58, 166-172. 


