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Abstract    
Natural substances obtained from medicinal plants have long 

served as valuable sources of therapeutic agents because they contain 

important secondary metabolites. This study aimed to identify the 

qualitative and quantitative content of some active secondary 

metabolites (SMs) in the aerial parts of three alfalfa (Medicago sativa 

L.) cultivars (local cultivar LC, Green Gold cultivar GC, and Victoria 

cultivar VC) grown in Iraq. This was achieved by detecting phenols, 

flavonoids, and alkaloids in the crude extract and determining their 

qualitative and quantitative levels using colorimetric methods and 

HPLC analysis. The results showed a clear difference among the three 

studied cultivars in both the quantity and quality of the studied SMs. 

The VC cultivar stood out with the highest content of phenolic 

compounds (295.8) and alkaloids (4.11), surpassing the other two 

cultivars. In comparison, GC cultivar recorded the highest flavonoid 

content (219.09), and its phenolic concentration (285.61) exceeded 

that of the LC. Meanwhile, LC surpassed GC in alkaloid content, 

registering a value of (3.70). These differences may be influenced by 

soil conditions, environmental factors, and genetic diversity among 

the cultivars in regulating the biosynthetic pathways of secondary 

metabolites.   

Keywords: Medicago.sativa, phenolic compounds, HPLC, cultivar. 

 
 

1. Introduction  

Natural substances obtained from medicinal plants have long served as valuable sources of 

therapeutic agents because they contain organic compounds that are produced in small 

amounts by plants, known as secondary metabolites (SMs). These natural products are not 

essential for plant growth and development but contribute to diverse biological processes and 

play an essential function in mediating plant association with the surrounding environment, 

especially under biotic and abiotic stress conditions
1, 2

. These biologically active molecules 

represent the foundation for numerous therapeutic drugs used today
3
. Many herbal treatments 

are considered relatively safe when used appropriately, easy to store, and often more 

effective, with minimal side effects compared to chemical-based treatments, and they have 

been used to treat various illnesses since ancient times 
4, 5

. The Medicago genus, a member of 

the Fabaceae family, is widely distributed around the world, consisting of approximately 83 

species; about two-thirds of them are annuals, while the others are perennials 
3, 6

. Among 

these, Medicago sativa (commonly known as alfalfa, or jett in Iraq) is one of the most 

important perennial herbaceous plants belonging to the Fabaceae family
7, 8

. Studies have 

shown that alfalfa has antimicrobial, anti-inflammatory, anticancer, and antioxidant activities. 

Additionally, it may help lower cholesterol levels and contribute to neuroprotection, antiulcer 

effects, estrogenic activity, and the treatment of atherosclerosis. In recent years, alfalfa has 

found a place in human diets beyond medicinal use 
9
. And it is used in the treatment of 

various health disorders due to its rich content of secondary metabolites, in addition to 

containing many vitamins and minerals 
3, 10

. Medicago sativa (M. sativa) is considered an 

important source of alkaloids, phenols, and flavonoids 
11

. Several types of phenolic 
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compounds have been found in M. sativa, especially phenolics and flavonoids, which are 

among the most important secondary metabolites
12

 playing a key role in disease prevention 

owing to their potent anti-inflammatory and antioxidant activities 
13, 14

. Alkaloids are one of 

the secondary metabolites that possess a nitrogen atom within their molecular structure, 

primarily located in plants. They represent one of the largest groups of plant-derived active 

compounds 
15, 16

. Because of the presence of these important SMs in M. sativa, it has come to 

possess numerous therapeutic properties. This plant has many cultivars, including cultivated, 

domesticated, and hybrid ones (cultivars). Although many studies focused on the chemical 

composition of M. sativa, there is still a lack of local research comparing the quantity and 

quality of secondary metabolites, especially alkaloids, between different M. sativa cultivars 

grown in Iraq. This raises the question of whether secondary metabolite production is 

affected by cultivar variation within the same species. For this reason, this study aimed to 

extract and isolate flavonoids, phenolic compounds, and alkaloids, as well as to determine 

and compare their concentrations in the aerial parts of three M. sativa cultivars cultivated in 

Iraq.

 

1. Materials and Methods  

2.1 Collection and identification of plant material  

The seeds of three Medicago sativa cultivars, including the local cultivar (LC), Green gold 

cultivar (GC), and Victoria cultivar (VC), were approved by the seed certification department 

at the Iraqi ministry of agriculture. They were cultivated in October in Baghdad, and the 

plants were collected at the flowering stage in April. The plant materials were washed and 

allowed to air-dry under shade, and then ground with an electric blender. 

2.2 Extraction and fractionation of some bioactive compounds 

Shade-dried ground material of M. sativa cultivars was extracted according to the scheme 

shown in Figure 1, 
17, 18

. 

 
Figure1. Extraction and separation of alkaloids and phenolic compounds 
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1.3 Phytochemical screening 

The extracts obtained from the above procedures were subjected to chemical tests to detect 

bioactive constituents following well-recognized procedures for detecting bioactive 

constituents 
19, 20

. 

1.4 Test for Phenolic Compounds 

Ten milligrams of each extract were dissolved in 10 ml of distilled water and subsequently 

filtered, then 1 ml of 5% w/v FeCl3 solution was added to the filtrate solution. A deep green 

or deep blue coloration indicates the presence of phenolic compounds. 

1.5 Test for Flavonoid compounds 

1ml of 10% lead acetate solution was carefully mixed with 5 ml of the methanolic extract. 

The appearance of a yellow color indicates a positive reaction for flavonoids, showing the 

existence of flavonoid compounds in the sample. 

2.6 Test for Alkaloid compounds 

About 10 ml of each methanolic extract were blended with 5 ml of 1% HCL and heated in a 

steam bath with continuous stirring. Mayer’s reagent (which was prepared by dissolving 1.35 

g of mercuric chloride (HgCl2) in 60 ml of water and 5 g of potassium iodide (KI) in 10 ml of 

water) and Wagner’s reagent (containing 1.27 g of I2 and 2 g of KI dissolved in 100 ml of 

distilled water) were then introduced into the reaction mixture. A white precipitate was 

formed upon treatment with Mayer’s reagent and a reddish-brown precipitate after the 

addition of Wagner’s reagent was considered indicative of the presence of alkaloids in the 

extract. 

2.7 Estimation of total phenolic compounds, flavonoids, and alkaloids 

2.7.1 Phenolic content 

Total phenolic concentration of the methanolic extract was quantified using the Folin-

Ciocalteu colorimetric method. In this method, 100 μl of the extract was mixed with 500 μl of 

the Folin-Ciocalteu reagent (Merck, Germany) and 1.5 ml of 20% sodium carbonate solution. 

The mixture was vortexed thoroughly, and the volume was adjusted to 10 ml distilled water. 

After a 2 h reaction, the absorbance was measured at 765 nm, and the phenolic concentrations 

were calculated by a gallic acid (Sigma-Aldrich, Germany) calibration curve. Results were 

expressed as mg GAE per gram of dry weight 
21

. 

2.7.2 Flavonoid content 

Total flavonoid concentration in the crude extract was quantified by using the aluminum 

chloride colorimetric assay. Briefly, 50 μL of the crude extract (1 mg/mL ethanol) was 

diluted to 1 mL with methanol, followed by the addition of 4 mL of distilled water and 0.3 

mL of 5% NaNO₂ solution, After 5 min of incubation, 0.3 mL of 10% AlCl₃ solution was 

introduced, and the mixture was kept for 6 min. Subsequently, 2 mL of 1 mol/L NaOH 

solution was added, and the final volume was adjusted to 10 mL with double-distilled water. 

The reaction mixture was allowed to stand for 15 min, and the absorbance was recorded at 

510 nm. The flavonoid concentration was determined using a rutin calibration curve, and 

results were expressed as milligrams of rutin equivalent (mg RE) per gram of dry weight 
22

. 

2.7.3 Alkaloid content 

Accurately measured aliquots of standard solution of atropine (0.4, 0.6, 0.8, and 1.0) were put 

into separatory funnels. To each funnel 5 ml of phosphate buffer (pH 4.7) and 5 ml of 

bromocresol green (BCG) solution were added. The resulting mixtures were extracted with 1, 

2, 3, and 4 ml of chloroform, respectively, through vigorous shaking. The chloroform layers 

were collected in a 10 ml volumetric flask and diluted to adjust the solution with chloroform. 

The absorbance of the resulting chloroform complexes was measured at 470 nm using a UV 

spectrophotometer (SHIMADZU UV-1800) against a reagent blank prepared in the same 

manner without the addition of atropine
 23

. 

2.8 Identification of bioactive constituents 

HPLC was utilized for the qualitative and quantitative determination of phenols, flavonoids, 

and alkaloids isolated from the three cultivars of M. sativa. The analysis was performed using 

a reverse-phase C18 column (250 mm × 4.6 mm, 5 µm particle size). The mobile phase 
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consisted of solvent A (0.1% formic acid in water) and solvent B (acetonitrile). A gradient 

elution program was applied as follows: 0–5 min, 10% B; 5–20 min, 10–60% B; 20–30 min, 

60–90% B; followed by re-equilibration to initial conditions. 

The flow rate was maintained at 1.0 mL/min, the column temperature was set at 30°C, and 

the injection volume was 20 µL. Detection was carried out using a UV–Vis detector at 280 

nm for phenolic compounds and alkaloids and 360 nm for flavonoids. 

Identification of compounds was achieved by comparing retention times with authentic 

standards, while quantification was based on calibration curves constructed from standard 

solutions at different concentrations. 

The percentage of the compounds found in the plant material was calculated using the 

following equation: 

Percentage of compound in the plant = 

(AUC of plant sample / AUC of the standard) × Conc. St × DF × 100 / Weight of dry plant 

material used for extraction. 

Where:  

DF= Dilution factor. 

AUC = Area Under Curve.  

Conc. St. = Concentration of standard utilized in HPLC. 

 

3. Results 

The qualitative chemical screening of the crude extract is shown in Table 1. The results 

indicate the presence of phenols, flavonoids, and alkaloids in all M. sativa cultivars. The LC 

cultivar exhibited a stronger positive reaction in the flavonoid test compared to the other 

cultivars. 
Table 1.  Phytochemical screening of some active compounds  in different cultivars of Medicago sativa. 

           Compound 

Cultivar 
Phenolic compounds Flavonoids Alkaloids 

LC + + ++ 

GC ++ +++ + 

VC +++ ++ +++ 

+ represent presence of phytochemical, ++ moderate presence, +++ strongly presence. 

 

3.1 Estimation of total phenolic compounds, flavonoids, and alkaloids 
The quantitative contents of total phenols, flavonoids, and alkaloids in M. sativa cultivars are 

presented in Table 2. The VC cultivar recorded the highest phenolic content (295.8 mg/100 g); while 

the LC cultivar recorded the lowest (269.08 mg/100 g), the highest flavonoids content was in the GC 

cultivar (219.09 mg/100 g), while the LC cultivar recorded the lowest (197.0 mg/100 g), and the last 

total alkaloids content was highest in the VC cultivar (4.11%), while the GC cultivar recorded the 

lowest (3.02%) (Table 2). 
Table 2.  Total phenols , flavonoids and alkaloids. 

No Active compound name LC GC VC 

1 Total phenolics content ( mg / 100 gm ) 269.08 285.61 295.8 

2 Total flavonoids content ( mg / 100 gm ) 197.00 219.09 205.9 

3 Total alkaloids content % 3.70 3.02 4.11 

 

3.2 Identification of bioactive constituents 

According to the HPLC analysis, the VC cultivar contained the highest levels of phenolic 

acids compared with the GC and LC cultivars. The differences in phenolic acid profiles were 

observed among the cultivars Table 3. 
Table 3.  Quantitative analysis of phenolic acids in M.sativa cultivars. 

Active compound name LC (ppm) GC (ppm) VC (ppm) 

p-coumaric acid  74.6 80.6 84.7 

Ferulic acid  77.4 81.6 84.1 

Gallic acid  145.0 152.6 152.0 

Caffeic acid  52.3 58.9 59.7 

Chlorogenic acid  41.6 48.7 54.9 
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As shown in Table 3, the VC cultivar exhibited the highest concentrations of most phenolic 

acids. Gallic acid was the most abundant phenolic acid in the GC cultivar. In contrast, the LC 

cultivar recorded the lowest levels of all detected phenolic acids. The HPLC analysis 

confirmed the presence of several flavonoids, whose concentrations varied among cultivars, 

as shown in Table 4 and Figures 2-4. 
Table 4. Quantitative Analysis of flavonoids in  M.sativa Cultivars. 

Active compound name LC (ppm) GC (ppm) VC (ppm) 

Catechine (ppm) 120.6 130.6 141.6 

Rutin (ppm) 98.0 114.5 112.6 

Epicatechin (ppm) 62.5 77.4 77.9 

Qurcetine (ppm) 63.9 70.6 71.1 

Apigenin (ppm) 71.6 80.6 82.4 

 

As noted in the table above, the GC cultivar recorded the highest level of rutin, whereas the 

VC cultivar exhibited the highest concentrations of the remaining flavonoid. 

 
Figure 2. HPLC chromatogram of Phenolics and Flavonoids in LC sample. Peaks correspond to: epicatechin 

(3.90 min), ferulic acid (4.87 min), chlorogenic acid (5.32 min), gallic acid (6.23 min), caffeic acid (7.88 min), 

catechin (8.65 min), quercetin (9.92 min), rutin (11.90 min), apigenin (12.20 min), and p-coumaric acid (13.95 

min). 

 

 
Figure 3. HPLC Chromatogram of Phenolic and Flavonoid Compounds in GC sample. Peaks correspond to: 

epicatechin (3.98 min), ferulic acid  (4.82 min), chlorogenic acid (5.38 min), gallic acid (6.28 min), caffeic acid 

(7.82 min), catechin (8.68 min), quercetin (9.98 min), rutin (11.89 min), apigenin (12.22 min), and p-coumaric 

acid (13.91 min). 
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Figure 4. HPLC Chromatogram of Phenolics and Flavonoids in VC sample. Peaks correspond to: epicatechin 

(3.98 min), ferulic acid (4.85 min), chlorogenic acid (5.30 min), gallic acid (6.25 min), caffeic acid (7.89 min), 

catechin (8.66 min), quercetin (9.90 min), rutin (11.92 min), apigenin (12.21 min), and p-coumaric acid (13.90 

min). 

 

Regarding alkaloids, the HPLC analysis identified the presence of several compounds, 

including scopolamine, isoquinoline, lupanine, stachydrine, sparteine, and homostachydrine, 

as shown in Table 5 and Figures 5-7. 
Table 5. Quantitative Analysis of Alkaloid Compounds in M.sativa Cultivars. 

Active compound name LC (PPM) GC (PPM) VC (PPM) 

Scopolamine 74.08 66.80 92.8 

Isoquinoline 32.62 27.44 42.2 

Lupanine 25.90 29.08 33.52 

Stachydrine 40.25 44.08 51.42 

Sparteine 18.98 22.65 26.98 

homoStachydrine 16.69 18.98 21.09 

 

 
Figure 5. HPLC Chromatogram of alkaloid Compounds in LC sample. The peaks correspond to the following 

compounds and retention times: Lupanine (3.98 min), Stachydrine (4.58 min), Sparteine (6.05 min), 

Homostachydrine (9.08 min), Isoquinoline (10.33 min), and Scopolamine (12.18 min). 
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Figure 6. HPLC Chromatogram of alkaloids in GC sample. The peaks correspond to the following compounds 

and retention times: Lupanine (3.95 min), Stachydrine (4.51 min), Sparteine (6.08 min), Homostachydrine (9.02 

min), Isoquinoline (10.37 min), and Scopolamine (12.12 min). 

 

 
Figure 7. HPLC Chromatogram of alkaloid Compounds in VC sample. The peaks correspond to the following 

compounds and retention times: Lupanine (3.91 min), Stachydrine (4.58 min), Sparteine (6.02 min), 

Homostachydrine (9.08 min), Isoquinoline (10.38 min), and Scopolamine (12.18 min). 

 

4. Discussion  

     Plant secondary metabolites include phenolics, flavonoids, and alkaloids, which are 

synthesized through internal biosynthetic pathways in plants 
24, 25

. 

In this study, quantitative analysis using HPLC, as previously revealed, showed notable 

differences in the total content of phenolics, flavonoids, alkaloids, and individual secondary 

metabolites among three Medicago sativa cultivars grown in Iraq. The obtained contents 

align with previous research indicating that M. sativa Cultivars differ genetically in their 

production of secondary metabolites. 26. The biosynthesis pathways of phenolic and 

flavonoid compounds are primarily governed by the phenylpropanoid pathway, where key 

enzymes such as phenylalanine ammonia lyase (PAL), chalcone synthase (CHS), and 

flavonol synthase essential 
27

. Genetic variation affecting the expression or activity of these 

enzymes likely contributes to the differential accumulation of these compounds, even when 

plants are grown under similar environmental conditions 
28

. 

In addition to differences in total content, notable ones were also observed in specific 

phenolic acids (e.g., p-coumaric acid, ferulic acid, gallic acid, caffeic acid, and chlorogenic 

acid) and flavonoids (e.g., rutin, catechin, epicatechin, quercetin, and apigenin). These 

differences may reflect how each cultivar regulates metabolic flux through the shikimate and 

phenylpropanoid pathways 
29

. Also, the bioactive compounds vary in quantities and qualities 

depending on the cultivar and conditions of culture, soil, and environmental factors 
6
. 
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Similarly, the levels of alkaloids, including Scopolamine, Isoquinoline lupanine, stachydrine, 

sparteine, and homostachydrine also varied among cultivars. Scopolamine and Isoquinoline 

were detected in all three M. sativa cultivars, suggesting their consistent detection under the 

applied analytical conditions. However, as these compounds are not commonly reported in M. 

sativa, further verification using more selective techniques such as LC–MS is recommended. 

The slight variations among cultivars may be attributed to differences in gene regulation or 

how each cultivar responds to internal and external stress signals. Although the 

environmental conditions were generally controlled, subtle factors such as light intensity, soil 

nutrient availability, and interactions with soil microbes can still influence the production of 

secondary metabolites. Ultimately, the interplay between genetics and the environment even 

under uniform growing conditions contributes to the observed differences. Minor gene–

environment interactions can influence gene expression and secondary metabolite 

biosynthesis. 

 

5. Conclusion  

     This study demonstrated significant differences among M. sativa cultivars in their 

phenolic, flavonoid, and alkaloid contents, indicating that each cultivar possesses a distinct 

phytochemical profile. The differences could possibly be related to genetic background or 

environmental conditions, although further studies are needed to confirm these assumptions. 

To the best of our knowledge, this work represents the first comparative investigation in Iraq 

involving these cultivars, particularly VC and GC in comparison with LC. 
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