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Marigold (Tagetes erecta L.), a popular ornamental plant of the family Asteraceae, is commonly cultivated in many countries, including India, for its decorative flowers. The plants grow easily in a variety of soil and climatic conditions and have been reported to damage the nematode population of soil and control indirectly harmful microbes. High-performance thin-layer chromatography (HPTLC) was utilized in the present study, with a view to identify some important biologically active compounds in the flowers and leaves of two cultivars of marigold, Pusa Narangi Gainda (PNG) and Pusa Basanti Gainda (PBG). Quantitative analyses were carried out using silica gel thin-layer chromatography (TLC) plates and toluene–ethyl acetate–formic acid (T-E-F) (13:11:2 v/v/v) as the mobile phase used. Bands of gallic acid, caffeic acid, quercetin, p-coumaric acid, and kaempferol were observed. The results revealed a greater number of compounds in leaves than in flowers, and that the cultivar PNG accumulated a greater number of compounds than PBG. Gallic acid was found in leaves and flowers of both cultivars; however, it was found maximum in the flowers of cultivar PBG. Caffeic acid and quercetin were detected in the leaves of both cultivars, whereas p-coumaric acid was detected only in the leaves and kaempferol only in the flowers of cultivar PNG. The information generated in this report may be meaningfully used for the furtherance of research on marigolds as a natural source of antioxidants, insecticides, herbicides, etc.
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Introduction

Marigolds (Tagetes erecta L.), locally known as ‘Gainda’ in India belonging to the family Asteraceae, are native to Mexico, but numerous varieties of T. erecta have naturalized in both the tropics and subtropics of the world, including in India and Bangladesh (Nikkon et al., 2009). T. erecta has several medicinal properties: the leaves are reported to be effective against piles, kidney problems, muscular pain, ulcers, wounds, etc. (Priyanka et al., 2013), and the flowers are reported to have astringent and carminative properties and to be effective against epileptic fits, fever, scabies, stomach and liver troubles, and eye problems (Kirtikar and Basu, 1987; Priyanka et al., 2013). Studies have revealed the presence of polyphenolic compounds in Tagetes have pharmacological properties, such as antifungal, antibacterial, antioxidant, and anticoagulative effects (Dasgupta et al., 2012; Gong et al., 2012; Dasgupta et al., 2016), and potentially with cytotoxic properties (Burlec et al., 2021). The dietary lutein obtained from marigold extract improves immune function (Chew et al., 1996), reducing the risk of many life-threatening diseases such as age-related muscular degeneration, cancer, and diseases related to the heart (Wang et al., 2006).

The cultivars of T. erecta used in the present study are Pusa Narangi Gainda (PNG) and Pusa Basanti Gainda (PBG), which are locally developed at the Indian Agricultural Research Institute (IARI) in New Delhi (Raghava et al., 2013). The PNG cultivar, whose plants have dark-green foliage and orange flowers, is a cross between ‘Cracker Jack’ and ‘Golden Jubilee’, whereas the PBG cultivar is a cross between ‘Golden Yellow’ and ‘Sun Giant’, having plants with dark-green foliage and sulfur yellow flowers (Raghava et al., 2013). The chemical composition and estimated antioxidant and antimicrobial activities of essential oils in the PNG cultivar have been reported by Tripathi et al. (2012). However, there are hardly any reports available on the analysis of polyphenolic compounds using high-performance thin-layer chromatography (HPTLC) in these two local cultivars of T. erecta.

In addition to its pharmacological importance, in India the marigold is commercially used in all kinds of rituals, such as the decoration of mandaps, temples, marriage parties, and cars, because of its colorful flowers of different sizes (Mir et al., 2019; Mir et al., 2021). Currently, an area of 191,000 hectares is under horticulture, with an annual production of 1,031,000 metric tonnes of loose flowers and 69,027 lakh cut flowers in India (Kumar et al., 2011), and marigold ranks first among the loose flowers. The area used for marigold cultivation is 43,000 ha, with a production of 360,000 metric tonnes (Tiwari et al., 2013). The flowers after use in various social and religious occasions may be disposed of in agricultural land. The phytochemicals released after the degradation of the plant tissue may affect the crops grown/growing there. It is against this background that the present study was designed to analyze polyphenolic compounds/phytochemicals in different tissues of Tagetes erecta L.

HPTLC is a popular analytical technique with the capability of analyzing several samples at a time. In addition, it offers high sample throughput at low operating cost, easy preparation of samples, and a short analysis time (Dixit et al., 2017; Hakim et al., 2017; Panigrahi et al., 2017). Hence, the present study was performed to evaluate certain important polyphenolic compounds, that is, gallic acid, caffeic acid, quercetin, p-coumaric acid, and kaempferol, in the leaves and flowers of T. erecta (cultivars PNG and PBG) using HPTLC. This study could be advantageous to the pharmaceutical industries, while screening and selecting materials for specific uses and identifying compounds of allelopathic importance.



Materials and methods


Plant materials, chemicals and reagents

Certified seeds of two marigold (T. erecta) cultivars, PNG and PBG, were obtained from IARI, New Delhi, and grown in the botanical garden of the School of Studies in Botany, Jiwaji University, Gwalior, India. Soil (sandy clay loam) was prepared by the addition of 30 tonnes of well-decomposed farmyard manure (FYM), 120 kg of nitrogen, and 80 kg each of phosphorus and potash per hectare (Raghava et al., 2013). Subsequently, seed beds (0.762 m × 1.066 m) were prepared and seeds sown. After 1 month the seedlings were transplanted in pots, with an area of 0.0962 m2 one seedling in each pot. At flowering stage [110 days after sowing (DAS)] plant material (leaves and flowers) of both cultivars was collected and dried at 70°C for 48 hours. The dried plant material was ground into a fine powder using a mechanical grinder. The reference markers gallic acid, caffeic acid, quercetin, p-coumaric acid, and kaempferol were procured from Sigma-Aldrich (Mumbai, India). The analytical-grade reagents and solvents used in the present study were procured from SD Fine Chemicals (Mumbai, India).



Sample preparation

The sample preparation was done following Dixit et al. (2017). Four independent replicates of each cultivar were processed and analyzed. Leaves and flowers of both cultivars were ground separately into a coarse powder, and 5 g of each ground sample was placed in a 100-mL volumetric flask, to which 25 mL of 50% hydroethanol was then added; thereafter the flask was shaken for 2 hours at shaker speed and left overnight. Whatman No 1 filter paper was used to filter the extracts. The procedure was repeated three times at room temperature (i.e., 25°C ± 2°C). The collected extracts were evaporated/concentrated at 50°C. Each concentrated/dried extract (10 mg) was dissolved in 1.0 mL of methanol and filtered using a 0.45-μm filter membrane, and the filtrates were used as sample solutions. The 1.0-mg chemical reference substance (i.e., gallic acid, caffeic acid, quercetin, p-coumaric acid, and kaempferol) was dissolved in 1 mL of methanol to obtain a stock solution for thin-layer chromatography (TLC) analysis.



Chromatography

HPTLC was performed using 0.2-mm silica gel TLC plates (20 cm × 10 cm) containing ultraviolet (UV) 254 fluorescent indicators (Aluchrosep nanosilica, G/UV254; SD Fine Chemicals Ltd, Mumbai, India) and 100-μL Hamilton syringes with Linomat 5 applicators (CAMAG®, Muttenz, Switzerland) under N2 gas flow for sample applications. Scanning was done using a TLC Scanner 3 (CAMAG) at a λmax wavelength of 300 nm in UV absorbance mode, which was operated by winCATS software (version 3.2.1; CAMAG). Each sample of plant extract (10 μL), along with a mixture of different standard markers (10 μL), was applied to the TLC plate. The plate was developed with 20 mL of mobile phase [toluene–ethyl acetate–formic acid (T-E-F) (13:11:2 v/v/v] in a CAMAG twin-trough chamber to a distance of 8 cm from the lower edge of the plate. The chamber was already saturated with mobile phase vapor for 30 minutes, maintaining a temperature of 25°C ± 2°C and a relative humidity of 40%. The plate was dried after the removal from the chamber at room temperature. Densitometric scanning was performed at a wavelength of 300 nm, and photographs were captured using a CAMAG Reprostar 3 video documentation unit with light of wavelengths 254 and 366 nm.

Standard markers (0.1 μg/mL), that is, caffeic acid, gallic acid, quercetin, kaempferol (each 100–500 ng per spot), and p-coumaric acid (200–600 ng per spot), were applied on TLC plates and chromatographed, and linear ascending development was carried out.

The International Conference on Harmonization guidelines (Anonymous, 2005) were followed for the validation parameters of the quantitative HPTLC analysis, that is, precision, linearity, and specificity, limit of detection (LOD), and limit of quantification (LOQ).



Statistical analysis

To ensure reproducibility, each experiment was conducted three times. Data are presented as the mean ± standard error of the three values. The average content was calculated as the mean of three different readings in the extracts obtained from two different cultivars and plant parts of Tagetes erecta, and the results were subjected to Pearson correlation analyses to identify relationships among the quantified markers.




Results and discussion


Chromatographic studies

In the HPTLC analysis, all compounds were resolved with reproducibility of peaks with the optimized mobile phase of T-E-F (13:11:2 v/v/v). Marker compounds, that is, gallic acid, caffeic acid, quercetin, p-coumaric acid, and kaempferol (Figure S1) in plant samples were identified on the basis of similarity of colors and the Rf values of the bands. Rf values are a prerequisite for HPTLC analysis of phytochemicals and indicate whether the analytes prefer stationary or mobile phases. The values are used to determine the polarity, relative mass, and relative solubility of different analytes: high Rf values indicate low polarity and vice versa. In the present study, gallic acid, caffeic acid, quercetin, p-coumaric acid, and kaempferol were resolved at an Rf value of 0.39, 0.52, 0.56, 0.60, and 0.65, respectively (Figure 1). Densitometric scans of the extract samples and of the biomarkers are shown in Figure 2. Quantification of the polyphenolic compounds was carried out by calculating the area of the resolved peaks, using the calibration curve (Figure 3). The peak purity of gallic acid, caffeic acid, quercetin, p-coumaric acid, and kaempferol was assessed by spiking and comparing the spectra of samples with the standard at three different points on the peak, namely the start (S), the maximum (M), i.e., the apex, and the end (E). The quantity of the compounds detected in sample extracts of different parts (leaves and flowers) of the two marigold cultivars is shown in Table 1, and the optimization and validation of the parameters are shown in Table 2.




Figure 1 | High-performance thin-layer chromatography (HPTLC) fingerprint profile of two cultivars (PNG and PBG) of Tagetes erecta L. visualized at (A, C) UV 254 nm and (B, D) at UV 366 nm. Abbreviations: PBG, Pusa Basanti Gainda; PNG, Pusa Narangi Gainda. L1, leaf extract of PNG; L2, leaf extract of PBG; F1, flower extract of PNG; F2, flower extract of PBG; S, mixture of gallic acid (GA), caffeic acid (CA), quercetin (Q), p-coumaric acid (P-CA), and kaempferol (K) standard markers.






Figure 2 | Densitometric scanning profile at the wavelength of 300 nm of Tagetes erecta L. (A) Leaf extract of PNG cultivar, (B) leaf extract of PBG cultivar, (C) flower extract of PNG cultivar, (D) flower extract of PBG cultivar, and (E) standards. PBG, Pusa Basanti Gainda; PNG, Pusa Narangi Gainda.






Figure 3 | Linear regression graph of phenolic compounds: (A) caffeic acid, (B) gallic acid, (C) kaempferol, (D) p-coumaric acid, and (E) quercetin.




Table 1 | Polyphenolic compounds (mg/g dry weight) in different plant parts of Tagetes erecta L. cultivars PNG and PBG.




Table 2 | Method validation parameters of five quantified markers.





Chemical variation in different cultivars and parts of Tagetes erecta L.

The HPTLC fingerprint profile showed quantitative differences in polyphenolic compounds among cultivars and different plant parts of T. erecta. Such variations have also been reported previously in other plants, such as the leaves, stem bark, and fruits of Juglans regia L. (Khatoon et al., 2016); different species of Leucas (Dixit et al., 2017); the root, stem, and leaves of marigold (Mir et al., 2018; Mir et al., 2021); and the flowers of Tagetes patula ‘Petite Gold’ and ‘Petite Orange’ (Krzymińska et al., 2022). In plants, phenolic compounds are responsible for defense and acceleration of pollination and coloring for camouflage (Lin et al., 2016). A large number of plant phenolics have been investigated in different plant species as antioxidants and free radical scavengers (Orcic et al., 2011; Youssef et al., 2020). In humans, phenolics play important roles in antioxidant, anti-aging, anti-inflammatory, and antiproliferative processes, reducing the incidence of various life-threatening diseases such as diabetes, cancers, and cardiovascular disease (Lin et al., 2016).

Flowers of PBG showed greater quantities of gallic acid (see Table 1) than those of PNG. Gallic acid is a naturally occurring polyphenolic compound/secondary metabolite that is widely distributed in plants, vegetables, and fruits, and it possesses antioxidant, anticarcinogenic, antimicrobial, and anti-inflammatory properties. It also has multiple industrial uses, e.g., as a food supplement and preservative (Yang et al., 2020). Caffeic acid, quercetin, and p-coumaric acid were observed in the leaves of both PNG and PBG marigold cultivars (Table 1). Caffeic acid, quercetin, and p-coumaric acid are known to have many health benefits because of their capacity to scavenge free radicals (i.e., their antioxidant properties). Caffeic and p-coumaric acid also have potential pharmacological uses because of their anti-inflammatory, antimicrobial, and neuroprotective effects (Ferreira et al., 2018; Cizmarova et al., 2020). Similarly, quercetin shows beneficial effects against Alzheimer’s disease and also possesses antioxidant, antifungal, anticancer, hepatoprotective, and cytotoxic properties (Batiha et al., 2020). Kaempferol was found only in the floral extracts of the PNG cultivar (Table 1). Kaempferol is a plant-derived flavonoid (antioxidant) that has several pharmacological benefits, which include anticancer, antidiabetic, cardioprotective, neuroprotective, and antimicrobial properties (Cid-Ortega and Monroy-Rivera, 2018). Plant phenolics have also been reported to play a role in allelopathy; there is some correlation between plant allelopathy and polyphenols, especially gallic acid and p-coumaric acid (Li et al., 2010; Kulbat, 2016). The Pearson correlation results indicated that there is a moderately positive but non-significant relationship between PNG and PBG; the five quantified markers with (r) = 0.478, (P) = 0.415 are shown in Figure S2. The polyphenolic compounds analyzed in the present study are considered to be of medicinal as well as allelopathic importance.




Conclusion

This article describes HPTLC analysis for the concurrent estimations of gallic acid, caffeic acid, quercetin, p-coumaric acid, and kaempferol from the leaves and flowers of two cultivars of T. erecta. The method used is relatively simple, sensitive, economical, and suitable for rapid screening. We found that the quantities of the polyphenolic compounds we analyzed in the study showed variation between plant parts (leaves and flowers) and between cultivars (PNG and PBG), which may account for differences in the medicinal properties of these plant parts and cultivars. These compounds may also contribute to the allelopathic activity of T. erecta. The study will help further explore the medicinally potential cultivar(s) of Tagetes for pharmacological activities. The information generated in this study could be very important because the application of naturally occurring bioactive compounds is currently attracting a great deal of attention.
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Y=-9.158+14.702*X

0.56

152.06
534.33
specific
1000-8000ng/band
0.955213

Y=4.269*107%

0.60
126.08
684.59
specific
1000-8000ng/band
0.982049

Y=1.653*10"X

Coumaric acid

empferol
0.65
74.055
243.22
specific
100-800ng/band
0.99975

Y=704.045+8.979*X
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Quantitative analysis of
polyphenolic compounds in

two different cultivars of
marigold (Tagetes erecta L.)

using high-performance
thin-layer chromatography
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Plant part used

Standard marker

Gallic acid 0.05 +0.001 0.05 + 0.002 0.26 +£0.013 0.29 + 0.008
Caffeic acid 0.49 +0.024 0.67 +0.031 ND ND
Quercetin 1.91 £0.044 1.35 £ 0.065 ND ND
p-Coumaric acid 1.45 £ 0.071 ND ND ND
Kaempferol ND ND 0.72 +0.026 ND

Values are the means + standard errors (n = 3).
ND, not detected; PBG, Pusa Basanti Gainda; PNG, Pusa Narangi Gainda.
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