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Methods and Procedures
The information regarding the various experimental procedures utilized during the research work is provided as follows. Reagents, instruments, extraction, and purification techniques (such as thin layer chromatography (TLC) and column chromatography) used for the extraction and isolation of bioactive compounds from the extracts of leaves and flowers of V. rosea are mentioned, along with the antifungal studies of all the extracts and isolated compound against the wheat fungi Fusarium graminearum and Bipolaris sorokiniana. GC-MS data of the methanol, acetone, chloroform, and hexane extracts of both the leaves and flowers of V. rosea were obtained from the Central Instrumentation Laboratory (CIL), Panjab University, Chandigarh. FT-IR spectra were performed using the Perkin Elmer-Spectrum RX-IFTIR spectrophotometer, available at the Department of Soil Science, Punjab Agricultural University (PAU) Ludhiana. 1H NMR (500 MHz) and 13C NMR (125 MHz) spectra were recorded in DMSO-d6 with the help of Bruker AC using tetramethylsilane (TMS) as an internal reference at Sophisticated Analytical Instrumentation Facility (SAIF), Panjab University, Chandigarh. The same chemical shifts were shown using δ (ppm) values, and the abbreviations ‘s,’ ‘d’, ’t,’ and ‘m’ were expressed for singlet, doublet, triplet, and multiplet, respectively. LC-MS spectra were recorded at the Sophisticated Analytical Instrumentation Facility (SAIF), Panjab University, Chandigarh, using Waters Micromass Q-Tof Micro. UV-visible spectra were recorded at the Central Laboratory, Department of Chemistry, Punjab Agricultural University (PAU), Ludhiana. The melting points were determined by the melting point apparatus using a capillary tube with one end closed and were uncorrected. Mineral analysis of leaves and flowers of V. rosea was carried out by the Department of Soil Science, Punjab Agricultural University (PAU), Ludhiana, using Inductively Coupled Plasma Atomic Absorption Emission Spectroscopy (ICP-AES). 


 MATERIALS
The various adsorbents, reagents, solvents, and apparatus used during the experiments are listed below:
Adsorbents
i. Aluminium oxide (Al2O3) activity grade III for column chromatography: S.D. Fine Chemicals Limited
Pore size: ~150 mesh
pH value: 6.0
Chlorides: 0.06%
Silicate: <0.03 per cent
ii. Silica gel GF 254 for thin layer chromatography (TLC): Qualigens fine chemicals, Mumbai
Pore size: 0.7-0.85 cm3/g 
pH value: 7±0.5
Chlorides: 0.02 per cent
iii. Silica gel G for thin-layer chromatography: S.D. Fine Chemicals Limited
pH value: 7
Chlorides: 0.02 per cent
Iron: 0.02 per cent
CaSO4: 13.0 per cent
Chemicals and Solvents
Chemicals
i. Agar-Agar, Aluminium chloride, Copper sulfate, Dextrose, Ferric chloride, Folin-Ciocalteu reagent, Potassium acetate, Potassium hydroxide, Sodium hydroxide, Sodium carbonate, Tween 80, Vanillin - S.D. Fine Chemicals Limited, Mumbai.
ii. Sodium sulfate, Activated charcoal – Qualigens Fine Chemicals, Bombay.
Solvents
i. Acetone, n-butanol, Diethyl ether, Glacial acetic acid, Ethanol, Methanol, Petroleum ether, Ammonia, Hydrogen chloride, Sulfuric acid - S.D. Fine Chemicals Limited, Mumbai.
ii. Benzene, Chloroform, Hexane - LobaChemie Private Limited, Mumbai.





CHROMATOGRAPHIC TECHNIQUES
A brief description of the chromatographic techniques used during the experiments is described below:
Thin Layer Chromatography (TLC)
	Thin-layer chromatography is generally used for the identification of the compounds, their purity determination, and even the progress of the reaction. It consists of an adsorbent that is a stationary phase on the inert glass sheets/aluminum sheets. The mobile phase consists of the solvent that moves upward on the sheet by the capillary action in the developing chamber. Thin-layer chromatography is based on the principle of the relative affinity of compounds between the stationary phase and mobile phase. The movement of the compounds takes place in such a manner that the compound having a lower affinity concerning the stationary phase will move faster compared to those with higher affinity, and thus, separation occurs. TLC is advantageous because a wide range of compounds can be detected using different spray reagents, and it does not require an extensive clean-up procedure. Various adsorbents are available in the market for the stationary phase, i.e., silica gel G and silica gel GF 254. The most widely used adsorbent is silica gel G, which has gypsum as a binder for separating compounds from oil and extracts. Silica gel GF 254 was used to identify fluorescent compounds from the plant extract. The extent of movement of the compound in the TLC depends upon the mobile phase (solvent) used. After the compound separation, the retention factor (Rf) is calculated for each spot:
Rf = distance traveled by sample/distance traveled by the solvent
Preparation and development of TLC plates
	The slurry was prepared by dissolving silica gel G in distilled water (10.0 g silica gel in 100.0 ml of water). Chromatoplates of size 10.0 × 10.0 cm were uniformly coated with slurry to get the desired thickness of about 0.25 mm. Then, these plates were allowed to dry at room temperature for about 4-5 h. This is followed by their activation period of 45 min by keeping it in the oven at 110 °C. After cooling, the sample was spotted on the chromatophores using a capillary tube at 1.0 cm upward from the lower end of the plate so that the sample did not get dipped into the solvent. Then, chromatophores were put into the developing chamber consisting of the mobile phase (developing phase) and allowed to move upward in the chromatophore. After drying, the plates prepared using silica gel GF 254 were not sprayed but visualized directly in the UV chamber (long wavelength). 
Test Material
	The leaves and flowers of V. rosea were collected from the PAU's garden in Ludhiana during flowering periods. The collected plant material was shade-dried, powdered, and stored in airtight containers.
[bookmark: _Hlk65956127]PROXIMATE ANALYSIS OF V. rosea LEAVES AND FLOWERS
The leaves and flowers of V. rosea were collected, shade-dried, and powdered. Proximate analysis of powdered leaves and flowers of V. rosea for moisture, dry matter, ash, acid-insoluble ash, water-soluble ash, fat, protein, carbohydrate, crude fiber, and nitrogen content was performed following the procedure given in the AOAC (2005). 
Moisture content and dry matter determination
	The moisture content of V. rosea leaves and flower powder was obtained by taking 2.0 g of fresh leaves and flower samples in a dried silica crucible. The sample was heated for a period of 3 h in the moisture extraction oven at 105 ºC. After that, the sample was kept in the desiccator and reweighed after cooling. The percentage of moisture content of leaves and flowers was calculated as follows:
Moisture (%) = 100
Dry matter (%) = 100 - % moisture
Ash content determination
	The Ash content of V. rosea leaves and flower powder was determined by taking 2.0 g of the sample in the crucible, and then it was dried in the oven for 3 h at 100 °C. Then, it was in the muffle furnace at 550 °C till it became white and carbon-free. The crucible was removed from the furnace and kept in the desiccator until it cooled. Then, the crucible was reweighed after cooling. The weight of the residue ash was calculated using the formula as follows:
Ash (%) = 100
Acid insoluble ash determination
The acid-insoluble ash content of V. rosea leaves and flower powder was obtained by boiling 0.2 g of ash sample and 25.0 ml of 3N hydrochloric acid (HCl) for 5 min and then collecting the insoluble matter. The insoluble matter left behind was dried, cooled, and then weighed. The acid-insoluble ash content was determined by using the formula:
Acid insoluble ash (%) = × 100
Water Soluble ash determination
Water-soluble ash content was measured using the ash sample of powdered leaves and flowers of V. rosea. 1.0 g of ash sample was subjected to boiling along with 25.0 ml of distilled water for 5 min. The insoluble material was collected and dried, ignited, and reweighed. The percentage of water-soluble ash content was determined by using the formula: 
Water soluble ash (%) = × 100
Fat content determination
	The fat content of the sample was estimated using a soxhlet extractor with continuous refluxing for a period of 14-16 h. It was determined by taking a 5.0 g sample of leaves and flowers of V. rosea in a thimble. The sample was placed in the soxhlet extraction apparatus along with 50.0 ml of petroleum ether at 60 °C for a period of 16 h. The solvent obtained after the extraction was distilled off and evaporated using a rotatory vacuum evaporator. The residue left behind was weighed, and the fat content of the leaves and flowers of V. rosea was calculated using the formula:
Fat (%) = 100
Estimation of crude protein and nitrogen content determination
	After soxhlet extraction of 20.0 g of powdered leaves and flowers of V. rosea using petroleum ether at 40-60 ºC, the residue obtained was heated separately with 20.0 ml of concentrated sulfuric acid (H2SO4) along with the mixture of potassium sulfate: copper sulfate (98:2) in the long-necked Kjeldahl flask. Nitrogen present in the sample is converted into ammonium sulfate ((NH4)2SO4), which is further boiled with 12-16 ml of 60% sodium hydroxide (NaOH) to liberate ammonia gas (NH3). The ammonia gas released is passed through the conical flask containing 10.0 ml of 2% boric acid (H3BO3) till 20-40 ml of distillate is collected. Excess of ammonia was titrated using 0.1N concentrated sulfuric acid mixed with methyl red: methylene blue (2:1) indicator. The endpoint of the titration was obtained at the reversion of the color to greenish-blue. For blank boric acid, the indicator was run along with the sample. The nitrogen and protein content of the leaves and flowers of V. rosea was calculated using the following formula:
Nitrogen (%) = 
Crude protein (%) = % Nitrogen × 6.25
Crude Fiber content determination
	A 5.0 g fat-free sample of V. rosea leaves and flowers was mixed with 200.0 ml of 1.25% sulfuric acid (H2SO4) for 30 min. The sample mixture was filtered using a Buchner funnel and washed with distilled water until it became acid-free. The residue collected was boiled again with 200.0 ml of 1.25% sodium hydroxide (NaOH) for 30 min. It was again filtered and washed several times with distilled water until it became alkali-free. The residue collected was washed twice with 10% hydrochloric acid (HCl), then with ethanol twice, followed by petroleum ether thrice. The residue left behind of leaves and flowers sample was kept in the crucible and dried overnight at 105 ºC in an oven. The sample was placed in the desiccator, and then after cooling, it was ignited in a muffle furnace for 45 min at 500 ºC to obtain the final weight of the residue. 
Crude Fiber (%) = 100
Carbohydrate content estimation
The Carbohydrate content of the leaves and flowers of V. rosea was determined by subtracting the total of ash, fat, protein, and crude Fiber by using the following formula: 
Carbohydrate (%) = 100- (Protein + Fat + Ash + Crude Fiber)
Table S1: Proximate analysis of leaves and flowers of V. rosea
	Composition
	Leaves 
	Flowers 

	Acid insoluble ash
	0.27±0.028
	0.21±0.021

	Ash content
	8.66±0.395
	8.36±0.127

	Carbohydrate
	41.165±1.294
	31.2±0.148

	Crude fibre
	1.93±0.113
	1.03±0.028

	Dry matter
	28.65±1.202
	56.5±0.466

	Moisture content
	71.35±1.202
	43.1±0.021

	Nitrogen content
	1.325±0.035
	0.6±0.113

	Protein content
	8.145±0.091
	4.06±0.120

	Fat content
	5.93±0.070
	6.25±0.212

	Water soluble ash
	1.495±0.685
	1.01±0.042


[bookmark: _Hlk65956146]The results were expressed as Mean ± Standard deviation.
MINERAL ANALYSIS
[bookmark: _Hlk65960884]	The macro and micronutrients of the leaves and flowers of V. rosea were determined according to the methodology given by Biswas et al. (2017). A powdered sample of leaves and flowers (1.0 g) was digested with dilute nitric acid (HNO3) in the ratio of 2:1 (conc. HNO3: distilled water). The mixtures of the sample were boiled vigorously till all the organic substances in it were decomposed. Then, the mixtures were allowed to cool at room temperature. Double distilled water (H2O) was used to filter the mixtures. The residues left behind were washed repeatedly with dilute nitric acid (HNO3). The quantitative analysis used inductively coupled plasma atomic emission spectroscopy (ICP-AES).


	Elements
	Leaves
	Flowers

	Aluminium
	27.8
	24.5

	Calcium
	2066
	345.37

	Cadmium
	0.058
	0.043

	Chromium
	1.035
	0.89

	Copper
	12.2
	4.06

	Iron
	969
	535

	Potassium
	11394
	11566

	Magnesium
	4087
	1394

	Manganese
	227
	34.92

	Sodium
	1930
	945

	Lead
	1.23
	0.94

	Zinc
	45.7
	95.37

	Phosphorous
	1841
	1536


Table S2: Mineral analysis of V. rosea leaves and flowers powder















The results were expressed in mg/kg.
QUANTITATIVE ANALYSIS OF PLANT SAMPLE
Quantitative analyses of the powder of leaves and flowers of V. rosea for alkaloid, saponin, phenol, tannin, flavonoid, and glycoside content were performed in accordance with the procedure given by Khan et al. (2011a, 2011b). 
Alkaloid determination
A sample of 10.0 g of powdered leaves and flowers of V. rosea was weighed into a beaker separately. 200.0 ml of 10% acetic acid (CH3COOH) in ethanol (C2H5OH) was added to the sample. Then, it was allowed to stand for 4 h. The extract obtained was filtered and concentrated on the rotary evaporator to one-fourth of its volume. Then, the concentrated ammonium hydroxide (NH4OH) was added dropwise into the extract until the precipitation was complete. The solution was allowed to stand undisturbed till the precipitates settled completely. Precipitates were collected, and the supernatant was decanted off; then, the precipitates were washed with dilute ammonium hydroxide (NH4OH), filtered, and weighed. The percentage of the alkaloid content was calculated using the formula:
Alkaloid content (%) = 100
Saponin determination
20.0 g powder of V. rosea leaves, and flowers were weighed in a beaker, and 100.0 ml of 20% aqueous ethanol (C2H5OH) was added to it. Then, the beaker was heated in the water bath at 55 °C with constant stirring for 4 h. The mixture was filtered, and the residue was again subjected to extraction with 200.0 ml of 20% ethanol (C2H5OH). The extract obtained from both extractions was combined and evaporated using a rotary evaporator to one-fourth of its volume. The extract obtained after reduction was transferred into a separatory funnel, and 20.0 ml of diethyl ether was added to it with constant stirring. The aqueous layer obtained after stirring was collected, and the diethyl ether layer was discarded. The process for purification was repeated by adding 60.0 ml of n-butanol (C4H10O). The combined n-butanol extracts were washed again and again with 10.0 ml of 5% aqueous sodium chloride (NaCl). The remaining solution obtained was evaporated using a water bath. After complete evaporation, the sample obtained was dried in the oven, cooled, and weighed. The percentage of saponin content was calculated using the formula given:
Saponin content (%) = 100
Phenol determination
The phenolic content of powdered leaves and flowers was determined by defatting 2.0 g of sample with 100.0 ml of diethyl ether ((C2H5)2O) for 2 h in the Soxhlet extraction apparatus. Then, the fat-free sample was further boiled with 50.0 ml of diethyl ether for 15 minutes to extract phenolic content. 5.0 ml of extract was pipetted into a 50.0 ml beaker, and then 10.0 ml of distilled water was added. 2.0 ml of ammonium hydroxide solution (NH4OH) and 5.0 ml of concentrated amyl alcohol (C5H12O) were added.  The sample was made up to the mark and kept in the dark for 1 h. A UV-visible spectrophotometer measured the absorbance of color at λ=505 nm. Total phenols were calculated from the calibration curve using tannic acid as standard. The results are expressed as milligrams of tannic acid equivalents per gram of dry extract (mg TAE/g dw).
 Tannin determination
[bookmark: _Hlk71223162]Tannin content was determined by dissolving 1.0 g of a sample of leaves and flowers into 50.0 ml of distilled water in a conical flask. The flask was shaken in the mechanical shaker for a period of 2 h, and then the filtrate was collected in 50.0 ml of volumetric flask and made up to the mark using distilled water. 5.0 ml of filtrate was pipetted out into the test tube and was mixed with 2.0 ml of 0.1 M ferric chloride (FeCl3) in 1.0 ml of 0.1 N hydrochloric acid (HCl) and 0.008 M potassium ferrocyanide (K4Fe (CN)6). The sample was kept in the dark for 30 min. The absorbance of the color was measured using a UV-visible spectrophotometer at λ=120 nm. Tannic acid as standard calculated Total tannin content from the calibration curve. The results are expressed as milligrams of tannic acid equivalents per gram of dry extract (mg TAE/g dw).
Flavonoid determination
The Flavonoid content of the leaves and flowers of V. rosea was determined by repeatedly extracting 10.0 g of each plant sample with 100.0 ml of 80% methanol (CH3OH) at room temperature. The solution was filtered through Whatman filter paper No. 2. The filtrate was evaporated using a rotary evaporator. The mixture was incubated for 5 min, and then 0.15 ml of 10% aluminium chloride (AlCl3) solution was added to it and allowed to stand for 10 min. Then 2.0 ml of 4% sodium hydroxide (NaOH) solution was added, and the volume was made to the 5 ml mark using distilled water. The mixture was vortexed and then kept in the dark for 15 min at room temperature. The mixture was shaken well and left as such for 15 min at room temperature. The appearance of the pink color showed the presence of flavonoids. The absorbance of the color was measured using a UV-visible spectrophotometer at λ=510 nm. The total flavonoid content is expressed as milligrams of quercetin equivalent per gram of dry weight (mg QE/g dw) based on the standard curve.
Glycoside determination
For glycoside determination, 10.0 g of dried powdered leaves and flowers of V. rosea and 250.0 ml of methanol were subjected to Soxhlet extraction. Again, the powdered sample was subjected to a Soxhlet extractor using 250.0 ml of methanol, and the filtrate was collected. The alcoholic extract was then treated with lead acetate solution to precipitate proteins, coloring matter, tannins, and other non-glycoside parts. The precipitate was filtered out, and the filtrate was collected in a conical flask. Hydrogen sulfide (H2S) gas was passed through the filtrate to remove excess lead as lead sulfide (PbS) precipitates, which were then removed by filtration. The filtrate obtained was evaporated to dryness using a rotary evaporator or water bath. The residue was dried, collected, and weighed. The glycoside content was calculated according to the formula: 
Glycoside content (%) = 100
[bookmark: _Hlk65956060]

PREPARATION OF EXTRACTS USING DIFFERENT EXTRACTION TECHNIQUES
	Extracts were prepared using different extraction techniques (maceration, sonication, and Soxhlet extraction) and solvents (methanol, acetone, chloroform, and hexane) to compare their yield and phytochemical constituents.
Maceration extraction technique:
	Dried leaves and flower powder (50.0 g) were extracted by maceration technique at room temperature using different solvents (100.0 ml), i.e., methanol, ethanol, acetone, aqueous, chloroform, and hexane, for 48 h for each solvent. The extracted solutions were filtered using Whatman filter paper No. 2, and the excess solvent was evaporated using a rotary evaporator and stored at 4 ºC for further analysis. 
Sonication extraction technique:
	Dried leaves and flower powder (50.0 g) of V. rosea in 100.0 ml of solvent (methanol, ethanol, acetone, aqueous, chloroform, and hexane) were subjected to sonication extraction technique by using SB-5200 DTDN ultrasonic cleaner for 10, 20 and 30 min respectively. The extracts were filtered, and excess solvent was evaporated under reduced pressure and stored at 4 ºC for future use.
Soxhlet extraction method:
	Dried leaves and flower powder (50.0 g) of V. rosea were used to prepare a plant extract using 100.0 ml of solvent (methanol, ethanol, acetone, aqueous, chloroform, and hexane). Soxhlet extraction was carried out for 24 hours. The extract was evaporated and stored in the refrigerator at 4 ºC for further use.
Yield estimation
The percentage yield (w/w) of various extracts prepared using three different extraction techniques was calculated using the formula:
                                      Yield (%) =  100


GC-MS ANALYSIS OF EXTRACTS V. rosea LEAVES AND FLOWERS
GC-MS parameters used for the analysis of methanol, chloroform, acetone, and hexane extracts of leaves and flowers of V. rosea are as follows. GC-MS was analysed using a Shimadzu QP2010 Plus gas chromatography-mass spectrometry (GC-MS) system. During the analysis, a single injection was made while keeping the split valve closed for the initial minute to enhance the introduction of the sample. The injector was maintained at a temperature of 280°C. Helium gas was utilized as the carrier, maintaining a steady pressure of 69 kPa. The components of the extracts were separated using an Rtx-5 MS capillary column, which measured 30 meters in length, had an internal diameter of 20 mm, and a film thickness of 0.25 μm. The oven's temperature program started at 50°C for two minutes, then gradually increased to 180°C at a rate of 3°C per minute, and finally rose to 200°C at 10°C per minute. During mass spectrometry, electron ionization was performed at 70 eV, with an interface temperature of 200°C, and scanning was done over a mass range from 40 to 600 amu. The samples were injected in split mode (120:1 ratio) and diluted in methanol (1/100 v/v). The chemical constituents were quantified by normalizing the peak areas observed in the chromatogram. (Hashmi et al., 2013) 

Table S3: GC-MS analysis of acetone extract of leaves of V. rosea 
	Peaks
	Compound Name
	Molecular Formula
	Retention Time
	Area %
	m/z

	1
	Azomethane
	C2H6N2
	3.03
	11.99
	58

	2
	Methyl vinyl ether
	C3H6O
	3.67
	5.51
	58

	3
	Butane
	C4H10
	4.44
	17.33
	58

	4
	3,3,6,6-Tetramethyl-1,2,4,5-tetraoxanes
	C6H12O4
	4.67
	35.19
	148

	5
	Tetradecanoic acid, 10,13-dimethyl-, methyl ester
	C17H34O2
	17.54
	0.71
	270

	6
	Farnesol
	C15H26O
	18.79
	1.76
	222

	7
	cis-7,10-Hexadecadienal
	C16H28O
	19.23
	1.69
	236

	8
	Phytol
	C20H40O
	19.36
	0.7
	296

	9
	Sulfurous acid, butyl heptadecyl ester
	C21H44O3S
	20.35
	21.31
	376

	10
	Z,E-3,13-Octadecadien-1-ol
	C18H34O
	24.35
	0.66
	266

	11
	1-Monolinoleoylglycerol trimethylsilyl ether
	C27H56O4Si2
	27.42
	3.44
	500

	
	Total
	
	
	100
	


 Compounds are categorized according to different classes.
Alkanes (3); Ethers (2); Aldehydes (7); Alcohols (6,8,10); Esters (5,9,11); Azomethanes (1); Tetraoxanes (4)

Table S4: GC-MS analysis of acetone extract of flowers of V. rosea 
	Peaks
	Compound Name
	Molecular Formula
	Retention Time
	Area %
	m/z

	1
	Azomethane
	C2H6N2
	3.08
	5.62
	58

	2
	Acetone
	C3H6O
	3.39
	1.04
	58

	3
	Diacetone alcohol
	C6H12O2
	3.60
	42.78
	116

	4
	Tetramethylammonium acetate
	C6H15NO2
	4.71
	0.51
	133

	5
	3,3,6,6-Tetramethyl-1,2,4,5-tetraoxanes
	C6H12O4
	5.21
	0.47
	148

	6
	Butane
	C4H10
	5.78
	0.29
	58

	7
	Oxalic acid, isobutyl pentyl ester
	C11H20O4
	7.26
	0.84
	216

	8
	Disulfide, 1-methylpropyl propyl
	C7H16S2
	7.56
	0.25
	164

	9
	Di-tert-butyl disulfide
	C8H18S2
	8.13
	1.14
	178

	10
	2-(Isopropyldisulfanyl)butane
	C7H16S2
	8.26
	1.41
	164

	11
	6-Ethyl-2-methyldecane
	C13H28
	8.76
	1.26
	184

	12
	Bis(1-methyl thio)propyl disulfide
	C8H18S4
	8.99
	4.05
	242

	13
	2,3,7-Trimethyloctane
	C11H24
	9.78
	0.9
	156

	14
	4,7-Dimethylundecane
	C13H28
	10.18
	1.16
	184

	15
	1,4-Dihydro-1,4-methanonaphthalene
	C11H10
	10.49
	0.19
	142

	16
	3,7-Dimethylnonane
	C11H24
	11.21
	0.33
	156

	17
	2-Methyldecane
	C11H24
	11.54
	0.51
	156

	18
	1,1,2,2-Tetra-t-butylethane
	C18H38
	11.92
	0.23
	254

	19
	2,5-Cyclohexadienylbenzene
	C12H12
	12.00
	0.2
	156

	20
	Butyl tert-butyl sulfide
	C8H18S
	12.57
	0.49
	146

	21
	Sulfurous acid, 2-ethylhexyl hexyl ester
	C14H30O3S
	12.82
	0.16
	278

	22
	Sulfurous acid, 2-propyl undecyl ester
	C14H30O3S
	15.2
	0.28
	278

	23
	17-Octadecynoic acid
	C18H32O2
	16.70
	0.28
	280

	24
	1,2-Epoxyoctadecane
	C18H36O
	17.32
	0.12
	268

	25
	Vaccenic acid
	C18H34O2
	17.43
	0.13
	282

	26
	Sulfurous acid, 2-ethylhexyl nonyl ester
	C17H36O3S
	17.54
	1.91
	320

	27
	Palmitic acid
	C16H32O2
	18.11
	2.38
	256

	28
	Tetradec-13-enal
	C14H26O
	18.39
	6.17
	210

	29
	2-Hexyl-1-octanol
	C14H30O
	19.1
	0.17
	214

	30
	Sulfurous acid, decyl 2-ethylhexyl ester
	C18H38O3S
	19.27
	1.58
	334

	31
	Benzene, 1,1'-sulfonylbis[4-chloro-
	C12H8Cl2O2S
	19.48
	3.26
	287

	32
	Olealdehyde
	C18H34O
	19.8
	1.9
	266

	33
	(Z)-13-Octadecenal
	C18H34O
	20.01
	0.62
	266

	34
	2-methyltetracosane
	C25H52
	20.19
	0.31
	352

	35
	2,6,10,15-Tetramethylheptadecane
	C21H44
	20.37
	2.03
	296

	36
	2,7,10-Trimethyldodecane
	C15H32
	21.20
	2.09
	212

	37
	2-Hexyl-1-decanol
	C16H34O
	21.73
	0.39
	242

	38
	Sulfurous acid, octadecyl 2-pentyl ester
	C23H48O3S
	22.4
	0.17
	404

	39
	trans-13-Octadecenoic acid
	C18H34O2
	22.79
	0.27
	282

	40
	cis-10-Nonadecenoic acid
	C19H36O2
	22.85
	0.14
	296

	41
	2-Methylhexacosane
	C27H56
	23.33
	0.94
	380

	42
	Di-n-2-propylpentylphthalate
	C24H38O4
	23.82
	2.62
	390

	43
	Cetyl glycidyl ether
	C19H38O2
	24.05
	0.56
	298

	44
	Sulfurous acid, octadecyl 2-propyl ester
	C21H44O3S
	24.25
	0.71
	376

	45
	Pentadecyl propan-2-yl sulfite
	C18H38O3S
	25.32
	0.65
	334

	46
	6,9,12-Octadecatrienoic acid, phenylmethyl ester, (Z,Z,Z)-
	C25H36O2
	26.31
	0.54
	368

	47
	Butyl oleate
	C22H42O2
	27.46
	0.45
	338

	48
	10-Methylnonadecane
	C20H42
	27.76
	1.03
	282

	49
	1-Acetylcur-16-en-20-ol
	C21H26N2O2
	28.02
	0.36
	338

	50
	Sulfurous acid, hexyl pentadecyl ester
	C21H44O3S
	28.18
	0.87
	376

	51
	Bis(2-ethylhexyl) terephthalate
	C24H38O4
	28.81
	0.69
	390

	52
	Tridecanoic acid, thiophen-2-ylmethylenehydrazide
	C18H30N2OS
	29.91
	2.56
	322

	
	
	
	
	100.0
	


Compounds are categorized according to different classes.
Azomethanes (1); Ketones (2); Alcohols (3, 29, 37); Ammonium salt (4); Tetraoxanes (5); Alkanes (6,11,13,14,16,17,18,35,36,34,41,48); Cyclic compounds (15,19); Esters (7,21,22,26,30,38,44,50,51,46,47);  Disulfides (8,9,10,12); Fatty acids and derivatives (23, 25, 27, 39, 40); Epoxides (24, 43); Aldehydes (28,32,33); Phthalates (42); Sulfites (20,45); Hydrazides (52); Terpenoids (49)

Table S5: GC-MS analysis of chloroform extract of leaves of V. rosea
	Peaks
	Compound Name
	Molecular Formula
	Retention Time
	Area %
	m/z

	1
	Dichloronitromethane
	CHCl2NO2
	3.02
	40.52
	129

	2
	1,1,3-Trichloroacetone
	C3H3Cl3O
	5.29
	8.2
	161

	3
	Bis(dichloromethyl) ether
	F2HO2P
	5.55
	4.43
	183

	4
	Norambreinolide
	C16H26O2
	5.81
	0.58
	250

	5
	2-Heptenal
	C7H12O
	6.26
	4.67
	112

	6
	Methyl dichloroacetate
	C3H4Cl2O2
	6.51
	0.61
	142

	7
	Cyclohexyl 2,2-dimethylpentanoate
	C13H24O2
	6.81
	0.14
	212

	8
	1-(Hexyloxy)-4-methylhexane
	C13H28O
	6.95
	0.67
	200

	9
	3,3-Dichloro-1,1,1,2,2-pentafluoropropane
	C3HCl2F5
	7.13
	0.1
	202

	10
	1,1,2,3,3-Pentachloropropane
	C3H3Cl5
	7.80
	0.58
	216

	11
	Oxalic acid, cyclohexyl nonyl ester
	C18H32O4
	7.95
	0.13
	312

	12
	1-But-3-enoxyhexane
	C10H20O
	8.60
	0.29
	156

	13
	2,3-Dichloro-7-methylenebicyclo[2.2.1]heptane
	C8H10Cl2
	8.83
	0.63
	177

	14
	Methyl 3-bromo-2,2-dichlorobutanoate
	C5H7BrCl2O2
	9.27
	0.47
	249

	15
	1-Allyloxy-1-ethyl-1-silacyclopentane
	C9H18OSi
	9.70
	0.28
	170

	16
	3',4',5,7-Tetramethoxyflavone
	C19H18O6
	10.18
	0.23
	342

	17
	Phthalic acid
	C8H6O4
	10.44
	0.34
	166

	18
	9-Methyl-1-undecene
	C12H24
	11.06
	0.3
	168

	19
	N-Methylcaprolactam
	C7H13NO
	13.21
	0.52
	127

	20
	1,5,9,9-Tetramethyl-spiro[3.5]nonan-5-ol
	C13H24O
	15.77
	0.15
	196

	21
	Myristic acid
	C14H28O2
	15.91
	0.29
	228

	22
	Dichloroacetic acid, tridec-2-ynyl ester
	C15H24Cl2O2
	16.07
	0.34
	307

	23
	(Phenylthio)acetic acid, (4-methoxyphenyl) methyl ester
	C16H16O3S
	16.26
	0.5
	288

	24
	3,7,11,15-Tetramethyl-2-hexadecen-1-ol
	C20H40O
	16.68
	0.47
	296

	25
	3,7-Dimethyl-6-nonen-1-ol acetate
	C13H24O2
	16.94
	0.22
	212

	26
	Phytol
	C20H40O
	17.12
	0.17
	296

	27
	Palmitic acid
	C16H32O2
	18.01
	10.46
	256

	28
	Ethyl palmitate
	C18H36O2
	18.22
	1.02
	284

	29
	4,4,8-Trimethyl-non-5-enal
	C12H22O
	18.76
	0.80
	182

	30
	Methyl 8-[2-[[2-[(2-ethylcyclopropyl) methyl] cyclopropyl]methyl]cyclopropyl]octanoate
	C22H38O2
	19.25
	0.18
	334

	31
	1-Hexadecen-3-ol, 3,5,11,15-tetramethyl-
	C20H40O
	19.37
	2.16
	296

	32
	(6Z,9Z)-Pentadeca-6,9-dien-1-ol
	C15H28O
	19.7
	16.00
	224

	33
	2-methyltetracosane
	C25H52
	22.95
	0.56
	352

	34
	Oleanitrile
	C18H33N
	23.72
	0.20
	263

	35
	Octadecane-1-sulphonyl chloride
	C18H37ClO2S
	23.87
	0.20
	353

	36
	Phthalic acid, di(hept-3-yl) ester
	C22H34O4
	24.38
	1.00
	362

	37
	(+)-Vincadifformine
	C21H26N2O2
	25.06
	0.40
	338

	38
	Vincoline
	C21H24N2O4
	25.42
	0.45
	368

	39
	2-methylhexacosane
	C27H56
	28.15
	0.75
	380

	
	
	
	
	100
	


Compounds are categorized according to different classes.
Halogenated compounds (1,2,3,6,9,10,13,14,22); Esters (7,11,36,28,30,23); Alkenes and Alkynes (5,12,18,29); Alcohols (8,24,25,26,31,32); Carboxylic acids (21,27,17); Alkanes (33,39); Sulfonyl chlorides (35); Lactams (19); cyclic compounds (15,20); Flavones (16); Nitriles (34); Alkaloids (37,38)

Table S6: GC-MS analysis of chloroform extract of flowers of V. rosea
	Peaks
	Compound Name
	Molecular Formula
	Retention Time
	Area %
	m/z

	1
	Dichloronitromethane
	CHCl2NO2
	3.73
	69.09
	129

	2
	1,1,3-Trichloroacetone
	C3H3Cl3O
	5.28
	5.13
	161

	3
	Bis(dichloromethyl) ether
	F2HO2P
	5.54
	4.09
	183

	4
	2-Chloro-2-methylpropane
	C4H9Cl
	6.26
	2.2
	92

	5
	Methyl dichloroacetate
	C3H4Cl2O2
	6.5
	0.3
	142

	6
	Trichloromethane
	CHCl3
	6.79
	0.08
	119

	7
	9-Methyl-1-undecene
	C12H24
	6.93
	0.39
	168

	8
	Bromodichloromethane
	CHBrCl2
	7.13
	0.06
	163

	9
	1,1,2,3,3-Pentachloropropane
	C3H3Cl5
	7.79
	0.37
	216

	10
	2-(1-Methylcyclopentyloxy)-tetrahydropyran
	C11H20O2
	7.94
	0.1
	184

	11
	(S)-(+)-5-Methyl-1-heptanol
	C8H18O
	8.45
	0.07
	130

	12
	2,3-Dimethyl-1-pentanol
	C7H16O
	8.62
	0.17
	116

	13
	2,3-Dichloro-7-methylenebicyclo[2.2.1]heptane
	C8H10Cl2
	8.81
	0.43
	177

	14
	3,4-Dichlorobutane nitrile
	C4H5Cl2N
	9.26
	0.24
	137

	15
	1,2,2,3,3-Pentachloro-1,1-difluoropropane
	C3HCl5F2
	9.44
	0.06
	252

	16
	2,6-Dichloro-4-methylphenol
	C7H6Cl2O
	9.7
	0.14
	177

	17
	Cyclobutylsilane
	C4H10Si
	10.05
	0.05
	86

	18
	Dodecamethylcyclohexasiloxane
	C12H36O6Si6
	10.18
	0.06
	444

	19
	Phthalic anhydride
	C8H4O3 
	10.43
	0.19
	148

	20
	1-Hexyl-3-methylcyclopentane
	C12H24
	11.05
	0.06
	168

	21
	Hexyl octyl ether
	C14H30O
	11.21
	0.07
	214

	22
	3-Hexadecene, (Z)-
	C16H32
	11.42
	0.14
	224

	23
	Sulfurous acid, decyl 2-ethylhexyl ester
	C18H38O3S
	11.53
	0.11
	334

	24
	Pentanoic acid, 5-hydroxy-, 2,4-di-t-butylphenyl esters
	C19H30O3
	12.94
	0.37
	306

	25
	Cyclopentadecanone, 2-methyl-
	C16H30O
	13.73
	0.19
	238

	26
	1-Hexadecanol
	C16H34O
	13.94
	0.52
	242

	27
	Myristic acid
	C14H28O2
	15.92
	0.1
	 228

	28
	5-Eicosene, (E)-
	C20H40
	16.21
	0.32
	280

	29
	1,2-Epoxyoctadecane
	C18H36O
	16.46
	0.07
	268

	30
	3,7,11,15-Tetramethyl-2-hexadecen-1-ol
	C20H40O
	16.68
	0.11
	296

	31
	Phthalic acid, nonyl tridec-2-yn-1-yl ester
	C30H46O4
	16.91
	0.07
	470

	32
	Cyclododecanemethanol
	C13H26O
	17.12
	0.06
	198

	33
	Cetyl glycidyl ether
	C19H38O2
	17.33
	0.08
	298

	34
	7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9-diene-2,8 -dione
	C17H24O3
	17.43
	0.08
	262

	35
	Palmitic acid
	C16H32O2
	17.98
	1.86
	256

	36
	10-Heneicosene (c,t)
	C21H42
	18.26
	0.38
	294

	37
	(2,2,6-Trimethyl-bicyclo[4.1.0]hept-1-yl)-methanol
	C11H20O
	18.79
	0.14
	168

	38
	(R)-(-)-(Z)-14-Methyl-8-hexadecen-1-ol
	C17H34O
	18.9
	0.08
	254

	39
	farnesane
	C15H32
	19.27
	1.76
	212

	40
	(6Z,9Z)-Pentadeca-6,9-dien-1-ol
	C15H28O
	19.67
	2.38
	224

	41
	Pentadecyl propan-2-yl sulfite
	C18H38O3S
	20.19
	0.3
	334

	42
	9-Eicosene, (E)-
	C20H40
	20.92
	0.17
	280

	43
	3-Methyl-5-propylnonane
	C13H28
	21.20
	2.27
	184

	44
	2-methyltetracosane
	C25H52
	22.40
	0.22
	352

	45
	2-methylhexacosane
	C27H56
	23.19
	1.34
	380

	46
	Heptadecyl heptadecanoate
	C34H68O2
	23.48
	0.04
	508

	47
	(E)-Hexadec-3-enenitrile
	C16H29N
	23.73
	0.15
	235

	48
	Tridecanol, 2-ethyl-2-methyl-
	C16H34O
	23.89
	0.68
	242

	49
	Phthalic acid, di(hept-3-yl) ester
	C22H34O4
	24.39
	0.6
	362

	50
	(+)-Vincadifformine
	C21H26N2O2
	25.07
	0.18
	338

	51
	3,5,24-Trimethyltetracontane
	C43H88
	25.76
	0.2
	605

	52
	erythro-8-(1,2-Dibromo-2-phenylethyl)-3,7-dihydro -1,3,7-trimethyl-1H-purine-2,6-dione
	C16H16Br2N4O2
	26.79
	0.97
	456

	53
	2-Bromododecane
	C12H25Br
	28.17
	0.73
	249

	
	
	
	
	100.0
	


Compounds are categorized according to different classes.
Halogenated compounds (1,2,3,4,5,6,8,9,13,14,15,16,53); Alkenes (7,22,28,42,47); Alcohols (11,12,26,30,32,33,38,40,48); Esters (23,24,31,46,49); Carboxylic acids and derivatives (19,27,35); Alkanes (18,43,44,45,51); Ethers (10,21); Cyclic compounds (17, 25,20); Terpenoids (39); Alkaloids (50); Nitriles (14,47); Sulfites (41); Miscellaneous (52)

Table S7: GC-MS analysis of hexane extract of leaves of V. rosea 
	Peaks
	Compound Name
	Molecular Formula
	Retention Time
	Area %
	m/z

	1
	n-Hexane
	C6H14
	3.03
	0.15
	86

	2
	3-methylpentane
	C6H14
	3.25
	6.9
	86

	3
	2,3-Dimethylpentane
	C7H16
	3.5
	12.61
	100

	4
	3-Ethyl-2,2-dimethylpentane
	C9H20
	3.78
	2.67
	128

	5
	Sulphuric acid dibutyl ester
	C8H18O4S
	4.08
	8.02
	210

	6
	2,4-Dimethylhexane
	C8H18
	5.74
	1.31
	114

	7
	1-Methyl-2-pyrrolidinone
	C5H9NO
	6.3
	4.28
	99

	8
	5,7-Dimethylundecane
	C13H28
	7.25
	0.99
	184

	9
	3-Methyldecane
	C11H24
	8.2
	0.38
	156

	10
	2,5,9-Trimethyldecane
	C13H28
	8.74
	1.76
	184

	11
	6-Ethyl-2-methyldecane
	C13H28
	8.92
	0.33
	184

	12
	trans-1-Butyl-2-methylcyclopropane
	C8H16
	9.09
	0.24
	112

	13
	1,14-Tetradecanediol
	C14H30O2
	9.38
	0.19
	230

	14
	2-Hexyl-1-octanol
	C14H30O
	9.5
	0.24
	214

	15
	2,3,6-Trimethyloctane
	C11H24
	9.76
	0.92
	156

	16
	4,7-Dimethylundecane
	C13H28
	10.17
	1.83
	184

	17
	2-Hexyl-1-octanol
	C14H30O
	10.84
	0.24
	214

	18
	10-Methylnonadecane
	C20H42
	10.96
	0.11
	282

	19
	2,6,10,14-Tetramethylheptadecane
	C21H44
	11.04
	0.21
	296

	20
	2,7,10-Trimethyldodecane
	C15H32
	11.2
	0.33
	212

	21
	2,4,6-Trimethyloctane
	C11H24
	11.52
	1.46
	156

	22
	Cedrene
	C15H24
	12.07
	0.44
	204

	23
	2,5,5,6,8a-Pentamethyl-trans-4a,5,6,7,8,8a-hexahydro-gamma-chromene
	C14H24O
	12.33
	0.28
	208

	24
	Dihydroactinidiolide
	C11H16O2
	13.29
	0.42
	180

	25
	O-Decylhydroxylamine
	C10H23NO
	14.03
	0.52
	173

	26
	Nojigiku acetate
	C12H18O2
	14.61
	0.52
	194

	27
	4-(3-Hydroxybutyl)-3,5,5-trimethylcyclohex-2-en-1-one
	C13H22O2
	15.28
	0.24
	210

	28
	Sulfurous acid, decyl 2-pentyl ester
	C15H32O3S
	16.28
	0.37
	292

	29
	6,10,14-Trimethylpentadecan-2-one
	C18H36O
	16.71
	0.65
	268

	30
	Methyl 14-methylpentadecanoate
	C17H34O2
	17.55
	0.71
	270

	31
	Palmitic acid
	C16H32O2
	18.01
	8.9
	256

	32
	Phytol
	C20H40O
	19.38
	3.88
	296

	33
	(6Z,9Z)-Pentadeca-6,9-dien-1-ol
	C15H28O
	19.71
	12.32
	224

	34
	1,2-Epoxyoctadecane
	C18H36O
	21.19
	0.13
	268

	35
	7-Methyl-Z-tetradecen-1-ol acetate
	C17H32O2
	21.77
	0.23
	268

	36
	Cholesterol
	C27H46O
	22.21
	5.59
	386

	37
	Palmitic acid, 2-(octadecyloxy)ethyl ester
	C36H72O3
	23.87
	0.54
	553

	38
	Phthalic acid, di(6-methylhept-2-yl) ester
	C24H38O4
	24.37
	3.19
	390

	39
	Benzyl oleate
	C25H40O2
	26.12
	1.01
	372

	40
	Butyl oleate
	C22H42O2
	28.02
	0.39
	338

	41
	2-methyltetracosane
	C25H52
	28.16
	0.28
	352

	42
	26-Nor-5-cholesten-3á-ol-25-one
	C26H42O2
	28.89
	14.25
	386

	
	
	
	
	100.0
	


Compounds are categorized according to different classes.
Alkanes (1,2,3,4,6,8,9,10,11,15,16,18,19,20,21,34,41); Alcohols (13,14,17,33,36); Esters (5,28,30,37,38,39,40); Ketones (29); Carboxylix acids (31); Terpenes (22,32); Chromenes (23)


Table S8: GC-MS analysis of hexane extract of flowers of V. rosea 
	Peaks
	Compound Name
	Molecular Formula
	Retention Time
	Area %
	m/z

	1
	6,8-Dioxabicyclo[3.2.1]octan-3-ol
	C6H10O3
	3.36
	8.52
	130

	2
	2-Methyl-6-methyleneoctan-2-ol
	C10H20O
	18.14
	20.08
	156

	3
	Oleic acid
	C18H34O2
	19.29
	3.52
	282

	4
	cis-5-Dodecenoic acid
	C12H22O2
	19.69
	6.91
	198

	5
	17-Octadecynoic acid
	C18H32O2
	20.51
	2.26
	280

	6
	Benzyl oleate
	C25H40O2
	20.73
	2.34
	372

	7
	9,12,15-Octadecatrienoic acid, 2-[(trimethylsilyl) oxy]-1-[[(trimethylsilyl)oxy]methyl]ethyl ester, (Z,Z,Z)-
	C27H52O4Si2
	21.18
	1.39
	496

	8
	2,3-Dimethyl-5-(trifluoromethyl)benzene-1,4-diol
	C9H9F3O2
	24.38
	2.75
	206

	9
	[2-(5-Hydroxypent-2-ynyl)-3-oxocyclopentyl]thio-acetic acid, S-t-butyl ester
	C16H26O3S

	24.49
	1.88
	298

	10
	Tridecanoic acid, thiophen-2-ylmethylenehydrazide
	C18H30N2OS
	25.71
	37.51
	214

	11
	Pterin-6-carboxylic acid
	C7H5N5O3
	27.25
	3.95
	207

	12
	14-Octadecenal
	C18H34O
	28.02
	2.47
	266

	13
	9,12-Octadecadienoic acid (Z,Z)-, phenylmethyl ester
	C25H36O2
	28.21
	2.33
	368

	14
	Dodecanoic acid, 2,3-bis(acetyloxy)propyl ester
	C23H42O6
	29.03
	4.08
	414

	
	
	
	
	99.99
	


Compounds are categorized according to different classes
Alcohols (1,2); Carboxylic acids (3,4,5,11); Esters (6,7,13,14); Aromatic compounds (8); Thiol Esters (9); Hydrazides (10); Aldehydes (12)




QUALITATIVE ANALYSIS OF EXTRACTS 
Qualitative analysis of various extracts of leaves and flowers of V. rosea was carried out using the procedure given by Parbuntari et al. (2018), Gul et al. (2017), and Kapoor and Rani (2019).
Alkaloids: The extracts (1.0 ml) were taken in the test tubes, and 2.0 ml of concentrated hydrochloric acid (HCl) was added into it along with a few drops of Mayer’s reagent, which is prepared by mixing 1.36 g of mercuric chloride (HgCl2) and 5.0 g of potassium iodide (KI) in 100.0 ml of water. The formation of yellow-colored precipitates detected the presence of alkaloids.
Amino acids: 2.0 ml of extract was taken in the test tubes and treated with one drop of 2% copper sulfate solution (CuSO4). To this, 1.0 ml of 95% ethanol (C2H5OH) followed by an excess of potassium hydroxide (KOH) pellets. The purple color in the ethanolic layers indicated the presence of amino acids. 
Carbohydrates: 1.0 ml of the extract and 1.0 ml of Fehling solutions A and B were boiled in a water bath. The Formation of a red precipitate indicated the presence of carbohydrates. 
Flavonoid: 0.5 ml of extract was taken in the test tubes separately. Then, a few pieces of magnesium turnings were added to the solution, along with a few drops of concentrated hydrochloric acid (HCl). The formation of a red or pink solution indicated the presence of flavonoids.
Glycosides: 1.0 ml of glacial acetic acid (CH3COOH) was added into 2.5 ml of plant extract, followed by the addition of 1 drop of 2.0% ferric chloride solution (FeCl3) and 0.5 ml of concentrated sulfuric acid (H2SO4). The formation of a reddish-brown steroidal ring indicated the presence of glycosides.   
Phenol: The presence of phenols was tested by adding 3-4 drops of ferric chloride (FeCl3) to 2.0 ml of plant extract. The formation of a dark green color solution indicated the presence of phenol.  
Saponin: 1.0 ml of plant extract and 5.0 ml of distilled water (H2O) were taken in the test tubes. The obtained mixture was subjected to a vortex and shaken vigorously. The formation of stable foam indicated the presence of saponin. 
Tannins: 2.0 ml of plant extract was treated with 10% alcoholic ferric chloride solution (FeCl3). The appearance of the solution's dark blue or greenish-grey color indicated the presence of tannins. 
Terpenoids: 1.0 ml of extract and 1.0 ml of chloroform (CHCl3) were taken in the test tubes. Then, concentrated sulfuric acid (H2SO4) was carefully added to form a layer. The appearance of a reddish-brown color at the interface showed the presence of terpenoids.
Cardiac glycoside: 5.0 ml of extract was mixed with 2.0 ml of sodium picrate reagent (C6H2N3NaO7). The mixture's yellow-to-orange color confirmed the presence of cardiac glycosides.
QUANTITATIVE ANALYSIS OF EXTRACTS
Quantitative analyses of V. rosea leaves and flower extracts for phenol and flavonoid content were performed following the procedure given by Khan et al. (2011a), Kapoor and Rani (2019), and Lahare et al. (2021).
[bookmark: _Hlk78369725]Phenol determination
[bookmark: _Hlk78369679][bookmark: _Hlk78369196]0.5 ml of each extract was evaporated to dryness. The residue obtained after evaporation was dissolved in 6.0 ml of distilled water and mixed with 1.0 ml of freshly prepared diluted Folin-Ciocalteu reagent. 1.0 ml of aqueous sodium carbonate (Na2CO3) (1.0 M) solution was added to it after 5 min, and then the mixture was kept at room temperature for one hour. A UV-visible spectrophotometer measured the absorbance of color obtained at λ=760 nm. Phenolic content was calculated from the calibration curve using gallic acid as a standard. The results are expressed as milligrams of gallic acid equivalents per gram of dry weight (mg GAE/g dw).
Flavonoid determination
1.0 ml of plant extract was diluted with 0.2 ml of distilled water separately, and 0.15 ml of sodium nitrite (5%) solution was added (NaNO3). This mixture was incubated for 5 min, and then 0.15 ml of 10% aluminium chloride (AlCl3) solution was added and allowed to stand for 6 min. Then 2.0 ml of 4% sodium hydroxide (NaOH) solution was added and made up to 5.0 ml with distilled water. The mixture was shaken well using a vortex and left for 15 min at room temperature. The absorbance was measured at λ=510 nm. The appearance of the pink color showed the presence of flavonoid content. The flavonoid content was expressed as milligrams of quercetin equivalent per gram of dry weight (mg QE/g dw). These values are calculated using the calibration curve of quercetin as a standard.







ISOLATION OF VINDOLINE FROM THE LEAVES OF V. rosea
Vindoline was isolated from the leaves of V. rosea using the procedure given in the patent by Jovanovic et al. (1978) with slight modifications. The isolation of specific alkaloids was performed by controlling the solution's pH level at every separation stage. Vindoline was extracted using the acidic pH of the solution. 
For the extraction of vindoline alkaloid, a comprehensive process was followed. 250.0 ml of methanol, 65.0 ml of 2% of aqueous sulfuric acid, and 1.25 L of toluene were added to 250.0 g of dried leaves with constant stirring for 1 h 15 min. The exact amount of toluene (1.25 L) was added again twice to the above mixture. Then, the solution was filtered using the Whatman filter paper No. 2. The toluene phase was separated from the mixture in the separatory funnel using 1.25 L of 2% aqueous sulfuric acid. After the addition of sulfuric, two distinct layers were visible. The mixture was separated until no alkaloid traces could be detected (two different colored layers were visible). These phases were combined and labelled as aqueous acid solutions. 
The next step was the meticulous separation of chlorophyll and other coloring agents from it. The acid aqueous layer obtained in the above step was shaken twice with 1.0 L of cyclohexane in the separatory funnel. Two layers obtained were formed. The green-colored layer (upper layer) was carefully discarded, and the lower layer was labelled an aqueous layer. The pH value of the aqueous layer was adjusted to 8.5-9 with 25% ammonium hydroxide solution. After changing the pH, the solution was extracted with 200.0 ml of cyclohexane four times. The cyclohexane layers obtained were combined and concentrated using a rotary evaporator. These layers contain a mixture of di-indole alkaloids, and the solution left behind was termed mother liquid I. 
The next step involves diluting the solution of the mother liquid 1 using 1.5 L of distilled water. Then, the solution's pH was adjusted to 2.7-3.0 using glacial acetic acid. After changing the pH, the acid solution was extracted with 500 ml cyclohexane in the separatory funnel. This step was repeated five times, using 500 ml of cyclohexane each time. The acid aqueous layer was discarded, and all the cyclohexane layers were collected and evaporated to dryness using a rotary evaporator. 
The residue was dissolved in 12.0 ml cyclohexane and shaken with 0.5 g of activated charcoal. Then, the mixture was passed through an alumina layer and washed with 150-200 ml of cyclohexane. The cyclohexane layer obtained after passing through alumina was evaporated to dryness using a rotary evaporator. Then, the residue was dissolved in 5.0 ml of diethyl ether and left undisturbed for 24 h to form needle-like crystals of vindoline (Pure compound 4) having mp 167 °C. Then, these crystals were subjected to spectral analysis to confirm their structure. It was recrystallized again to purify the compound.

 250.0 g of dried leaves + 250.0 ml of methanol + 65.0 ml of 2% aqueous sulfuric acid + 1.25 L of toluene


  1.25 L of toluene was added to the above mixture
Stir the mixture for 1.5 h





Mixture was filtered using Whatman filter paper No 2

The toluene phase was separated from aqueous phase with 1.25 L of 2% aqueous sulfuric acid (two layers are visible)





Chlorophyll and other coloring agents were separated from acid aqueous solution using 1.0 L of cyclohexane twice as two distinct layers were visible




The coloring reagent layer was discarded
The aqueous phase was separated and kept aside for further used





The pH value of aqueous phase obtained was adjusted between 8.5-9 with 25% ammonium hydroxide solution 






The alkaline solution was then extracted using 200 ml of cyclohexane and this step was repeated 4 times with 200 ml of cyclohexane 





All the cyclohexane layers were combined and evaporated using rotary evaporator. 
The liquid after this separation was termed as Mother Liquid I 






Mother Liquid I was diluted using 1.5 L of distilled water and its pH was adjusted between 2.7-3.0

The residue obtained after evaporation contain the mixture of diindole alkaloid 





After adjusting the pH, the solution was extracted with 500 ml of cyclohexane and this step was repeated five times




The cyclohexane layers were collected and evaporated to dryness using rotary evaporator

The acid aqueous layers were discarded





The residue obtained was dissolved in 12 ml of cyclohexane and shaken with 0.5 g of activated charcoal. The mixture obtained was passed through alumina layer (activity grade III) using 150-200 ml of cyclohexane






The cyclohexane layers obtained was evaporated to dryness and then the residue was dissolved in 5 ml of diethyl ether and left undisturbed for 24 h for the formation of needle like crystals of vindoline (Pure compound 4) having mp 167 °C.




Scheme 1: Procedure for the isolation of vindoline from the leaves of V. rosea


ANTIFUNGAL ACTIVITY
	The fungicidal potential of leaves and flower extracts and the isolated compound was studied at different concentrations, viz. 125, 250, 500, and 1000 µg/ml against wheat fungal pathogens using the poisoned food technique. 
Tested fungi and source
	Wheat isolates of F. graminearum and B. sorokiniana were procured from the Wheat section; the Department of Plant Breeding and Genetics, PAU, Ludhiana, were used in this experiment. These fungi were cultured on Potato dextrose agar (PDA) slants at 25 ± 2 °C in a BOD incubator for 7-10 days and were stored at 4 ºC for further use.
Preparation of stock solution and test solutions
	The stock solution (20,000 µg/ml) was prepared by dissolving 200.0 mg of the compound in 0.5 ml tween, and the final volume was made to 10.0 ml using distilled water. The test solutions, i.e., 10,000, 5,000, and 2,500 µg/ml, were prepared by serial dilution method using distilled water. In this method, the concentration was 20 times the required concentration because of the dilution during the mixing. Thus, instead of 125, 250, 500, and 1000 µg/ml, we prepare 2,500, 5,000, 10,000, and 20,000 µg/ml solutions. 
Preparation of PDA media
	Small pieces of peeled potatoes (200.0 g) were boiled in distilled water (1000.0 ml), and the extract was filtered through a double layer of muslin cloth. 20.0 g each of dextrose and agar was added to the extract, and the final volume was made 1.0 L using distilled water. The media was then poured into flasks, plugged, and sterilized in an autoclave at 121.6 °C and 15.0 psi for 30 minutes.
Poisoned food technique
	The poisoned food technique evaluated the antifungal activity against F. graminearum and B. sorokiniana (Grover & Moore, 1962). Autoclaved distilled water was used to prepare the stock solution to avoid contamination. Different concentrations (125, 250, 500, and 1000 µg/ml) were prepared from the stock solution in the PDA media flask and poured into the sterilized Petri plates. The medium was then allowed to solidify. A bit of 5 mm size was cut from actively growing cultures of F. graminearum and B. sorokiniana and inoculated in the center of the Petri plate. There were five replications for each treatment. Plates without the amended medium served as a negative control, and Petri plates amended with propiconazole served as a positive control. The Petri plates were then sealed with parafilm and kept in an incubator at 25 ± 2 °C. After 7 days, the average diameter of growth of the fungus was measured, and percentage inhibition was calculated by using the formula (Gupta & Tripathi, 2011):
Percent Mycelial growth inhibition = 
AMC = Average mycelial growth in control 
AMT = Average mycelial growth in treatment
	The activity of V. rosea leaves, flower extracts, and isolated compound was compared with standard fungicide propiconazole (Tilt 25 EC) and represented in terms of ED50 and ED90 values (effective dose which inhibits 50 and 90 percent mycelial growth).
Statistical analysis
	The data was analyzed using two-way ANOVA using CPCS1 software. The level of significance was kept at five percent, and the comparison of test components was made using the Tukey multiple range test through SPSS1 software.


Table S9: Antifungal activity of extracts and vindoline against Fusarium graminerium
	COMPONENTS
	TUKEY TEST MEAN
	ED50
(µg/ml )
	ED90
(µg/ml)

	
	
	
	

	Leaves

	Methanol Extract
	91.472ab
	80
	240

	Acetone Extract
	65.374c
	173
	>1000

	Chloroform Extract
	63.801c
	156
	>1000

	Hexane Extract
	21.508d
	>1000
	>1000

	Flower

	Methanol Extract
	88.125b
	82
	375

	Acetone Extract
	63.927c
	125
	>1000

	Chloroform Extract
	55.794c
	312
	>1000

	Hexane Extract
	19.034d
	>1000
	>1000

	Isolated Compound

	Vindoline

	94.563ab
	68
	160

	Tilt (25 EC)
	100.00a
	62.5
	110


Experiments were replicated five times and represented as percentage inhibition ± standard deviation. The mean values having the same superscript are non-significant (p > 0.05) as per Tukey multiple range test C.D. (5%) Components: 0.483, Concentrations: 0.292, Interaction: 0.967 CD (1 % interaction): Components (A): 0.477 Concentration (B): 0.477 (A) x (B): 0.954
Percent inhibition of all the components was significantly different from each other with P-value of 0.01.

Table S10: Antifungal activity of extracts and vindoline against Bipolaris sorokiniana
	COMPONENTS
	TUKEY TEST MEAN
	ED50
(µg/ml )
	ED90
(µg/ml)

	Leaves

	Methanol Extract
	90.532ab
	76
	290

	Acetone Extract
	65.083cd
	156
	>1000

	Chloroform Extract
	55.243d
	250
	>1000

	Hexane Extract
	18.519f
	>1000
	>1000

	Flower

	Methanol Extract
	82.92b
	90
	600

	Acetone Extract
	59.928d
	190
	>1000

	Chloroform Extract
	44.858e
	500
	>1000

	Hexane Extract
	19.97f
	>1000
	>1000

	Isolated Compound

	Vindoline

	93.075ab
	97
	207

	Tilt (25 EC)
	100.00a
	62.5
	110


Experiments were replicated five times and represented as percentage inhibition ± standard deviation. The mean values having the same superscript are non-significant (p > 0.05) as per Tukey multiple range test C.D. (5%) Components: 0.483, Concentrations: 0.292, Interaction: 0.967 CD (1 % interaction): Components (A): 0.477 Concentration (B): 0.477 (A) x (B): 0.954
Percent inhibition of all the components was significantly different from each other with P-value of 0.01.




























[image: A certificate with a picture of a flower

Description automatically generated][image: A document with a logo and text

Description automatically generated]
Authentication Certificate


References
1. AOAC. (2005). Official methods of analysis (pp. 1121-1180). Gatherburg, MD, USA.
2. Biswas, I., Mukherjee, A., & Laskar, S. (2017). Nutritional attributes and bioprospects of leaves, fruits and seeds of Nyctanthes arbor-tristis L. International Journal of Ecology and Environmental Sciences, 43, 251-261.
3. Grover, R. K., & Moore, J. D. (1962). Taxometric studies of fungicides against brown rot organism Sclerotina fruticola. Phytopathology, 52, 876-880.
4. Gul, R., Jan, S. U., Faridullah, S., Sherani, S., & Jahan, N. (2017). Preliminary phytochemical screening, quantitative analysis of alkaloids and antioxidant activity of crude plant extracts from Ephedra intermedia indigenous to Balochistan. Scientific World Journal, 2017, 1-7.
5. Gupta, S. K., & Tripathi, S. C. (2011). Fungitoxic activity of Solanum torvum against Fusarium sacchari. Plant Protection Science, 47(3), 83-91.
6. Hashmi, L. S., Hossain, M. A., Weli, A. M., Al-Riyami, Q., & Al-Sabahi, J. N. (2013). Gas chromatography-mass spectrometry analysis of different organic crude extracts from the local medicinal plant of Thymus vulgaris L. Asian Pacific Journal of Tropical Biomedicine, 3(1), 69-73. https://doi.org/10.1016/S2221-1691(13)60026-X
7. Jovanovics, K., Fekete, G., Dezseri, E., Dancsi, L., Lorincz, C., Szarvady, B., Dobo, G., Szantay, C., & Szabo, L. (1978). Process for the isolation of alkaloid components from the plant Vinca rosea L. U.S. Patent No. US4172077A.
8. Kapoor, M., & Rani, J. (2019). Qualitative and quantitative analysis of phytochemicals by GC-MS and antioxidant activity of Catharanthus roseus (L.) G. Don. Journal of Pharmacognosy and Phytochemistry, 8(1), 378-385.
9. Khan, A. M., Qureshi, R. A., Ullah, F., Gilani, S. A., Nosheen, A., Sahreen, S., Laghari, M. K., Laghari, M. Y., Rehman, S. A., Hussain, & Murad, W. (2011a). Phytochemical analysis of selected medicinal plants of Margalla Hills and surroundings. Journal of Medicinal Plants Research, 5(25), 6017-6023.
10. Khan, K. Y., Khan, M. A., Niamat, R., Munir, M., Fazal, H., Mazari, P., Seema, N., Bashir, T., Kanwal, A., & Ahmed, S. N. (2011b). Element content analysis of plants of genus Ficus using atomic absorption spectrometer. African Journal of Pharmacy and Pharmacology, 5(3), 317-321.
11. Lahare, R. P., Yadav, H. S., Bisen, Y. K., & Dashahre, A. K. (2021). Estimation of total phenol, flavonoid, tannin and alkaloid content in different extracts of Catharanthus roseus from Durg district, Chandigarh, India. Scholars Bulletin, 7(1), 1-6.
12. Parbuntari, H., Prestica, Y., Gunawan, R., Nurman, M. N., & Adella, F. (2018). Preliminary phytochemical screening (Qualitative analysis) of cacao leaves (Theobroma cacao L.). Journal of Scientific Data Analysis, 19(2), 40-45.




















Vindoline Mass Spectra (ANNEXURE I)
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Vindoline 1HNMR Spectra (ANNEXURE II)
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Vindoline 13C NMR Spectra (ANNEXURE III)[image: ]
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