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Abstract
The traditional medical system has been used for a very
long period to treat numerous diseases. The study was
carried to perform some qualitative dates includes plant
extracts of Punica granatum L. flower, Daucus carota L. fruit
and Gymnema sylvestre R. Br. leaves. The study also
contains the macroscopic (size, shape, surface view etc.),
microscopic (xylem, phloem, etc.) and power microscopic
characteristics of the mentioned plants along with physio-
chemical parameters determination such as foreign organic
matter, ash value, acid insoluble ash value, extractive yield.
The qualitative data includes the total phenolic, total
flavonoid content, DPPH assay, and reducing power assay
along with the TLC fingerprinting of each plant extracts to
find out different metabolites (phytoconstituents) present
in the given sample of plants also includes aflatoxin
determination by using TLC method followed by TLC bio
autography to find out antioxidant potential of the specific
phytoconstituent and characterization of compounds via
FTIR spectroscopy for identification for functional groups
present in the plants.

Keywords: Phytoconstituents; FTIR; Plant extracts;
Validation; Aflatoxin; TLC fingerprinting; Metabolites;
Traditional medicine

Introduction
The status of a medication is established by its identity, purity,

content and other chemical, physical, or biological features, as
well as by the production process, which is referred to as the
quality control of phytopharmaceuticals [1]. Standardisation
comprises of the physicochemical assessment of crude
pharmaceuticals, which covers topics like selection and
treatment of crude material, according to the WHO chapter on
standardization and quality control of herbal medications [2].
Due to their potential pharmacological properties, medicinal
plants have been utilised to treat a variety of disorders. These
properties include antineoplastic, antimicrobial, antioxidant,

anti-inflammatory, analgesic, anti-diabetic, anti-hypertensive 
and other actions [3]. Medical plants have long been a significant 
source of bioactive substances with functions that influence 
health. Ayurveda, siddha, unani and Chinese traditional medicine 
are still effective and have been used for more than 1500 years 
[4]. Alkaloids, tannins, saponins, flavonoids, steroids, terpenoids, 
resins, cardiac glycosides, phenolic chemicals and coumarins 
were all found in the extracts after phytochemical screening [5]. 
The most popular approach is solvent extraction, in which the 
natural products go through a process in which the solvent 
permeates through the plant cell wall and the solute dissolves in 
the solvent before the extract is collected. According to reports, 
the extraction efficiency would depend on the size of the plant 
material, the solvent's characteristics, the solid-to-solvent ratio, 
the extraction temperature and the extraction duration [6]. This 
research paper contains quality control study of three plants 
which are; flower of Punica granatum, fruit of Daucus carota and 
leaves of Gymnema sylvestre on the basis of their scientific 
study.

Based on previous studies conducted on Punica granatum L., 
Daucus carota L. and Gymnema sylvestre R. Br., their 
phytochemical and pharmacological aspects were taken into 
consideration.

Phytochemical aspects
Punica granatum L.: Traditional medicine has employed 

pomegranates to cure a range of ailments [7]. Pomegranate 
fruits are said to be used to get rid of parasites; their seeds, fruit 
peels, flowers, tree bark and roots, which are used to halt 
bleeding and heal ulcers; and their leaves, which are used to 
treat digestive problems and reduce inflammation [8].

The pomegranate has recently sparked a lot of consumer 
attention because of its alleged health benefits [9]. Due to the 
pomegranate's high phenolic content [10] and abundance of 
bioactive compounds, it has demonstrated a wide range of 
therapeutic effects. The peel of the pomegranate, in particular, 
contains significant amounts of hydrolyzed ellagitannins known 
as "pomegranate ellagitannins," which include punicalins, 
punicalagins, and pedunculagins. Ellagitannins are esters made
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of quinic acid or glucose-based polyols and hexahydroxydiphenic 
acid [11]. Apart from ellagitannins, other compounds found in 
pomegranate rind include anthocyanidins (such as cyanidin, 
pelargonidin and delphinidin) and flavonoids (such as 
kaempferol, luteolin, and quercetin). Anthocyanins, the pigment 
responsible for the red colour of the pomegranate, are abundant 
in the arils of this fruit. The most common anthocyanins are 
cyanidin-3-O-glucoside, cyanidin-3, 5-di-O-glucoside, delphinidin 
-3-O-glucoside, pelargonidin-3-O-glucoside [12]. Pomegranate
arils also include phenolic acids, such as p-coumaric acid,
chlorogenic acid, ellagic acid and gallic acid, in addition to
anthocyanins [13].

Daucus carota L.: They have a significant impact on human 
nutrition due to their high food value and excellent preservation 
qualities [14]. Some of the phytochemicals found in carrots; 
including phenolic compounds (particularly chlorogenic acid), 
carotenoids, polyacetylenes and ascorbic acid (vitamin C), have 
biological activities that suggest they may have the potential to 
improve human health due to their anticancer, antioxidant, anti-
inflammatory, antibacterial, plasma lipid modification and 
serotonin-stimulating effects [15]. However, a number of 
variables, including carrot genotype (colour variations), climatic 
circumstances and the preparation and storage of carrot 
products, have an impact on the concentration and nature of 
phytochemicals [16].

Additionally, carrots can be processed to create anthocyanins-
rich concentrate for the pigment industry, and the resulting 
pomace can be removed to create phenolic compounds with a 
high added value that can be used as functional food ingredients 
[17].

Gymnema sylvestre R. Br.: Gymnema sylvestre R. Br.
(Asclepiadaceae), sometimes known as "gurmar" because of its 
unique ability to breakdown sugar is a well-known plant in the 
ayurvedic medical system. Gymnemasaponins, which are 
triterpene saponins also known as gymnemic acids, and 
gurmarin, a polypeptide are the phytoconstituents in plants that 
have the ability to reduce the appetite for sweets [18]. Plant 
extracts have alkaloids in them, which had been found. Acidic 
glycosides, anthraquinones and their derivatives are present in 
the leaves of Gymnema sylvestre R. Br. One of the nine closely 
related acidic glycosides that make up Gymnema's principal 
secondary metabolites is gymnemic acid [19].

Gurmarin was isolated from Gymnema sylvestre R. Br. and is a 
crucial 35 amino acid peptide with a 4209 molecular weight. 
Gymnemasins A, B, C and D as well as alkaloids are additional 
significant components that have been identified from leaves 
[20]. Gymnemic acid, deacyl gymnemic acid, gymnemagenin, 23-
hydroxylnogispinogenin and gymnestrogenin are only a few of 
the saponins that have been isolated from Gymnema sylvestre R. 
Br. [21]. Gymnemic acids, gymnemosides, gymnemasaponins, 
gurmarin, gymnemanol, stigmasterol, d-quercitol, -amyrin 
related glycosides, lupeol, hydroxycinnamic acids and the 
coumarols group were revealed to be among the variety of 
various phytomolecules present in the plant [22].

Pharmacological aspects
Punica granatum L.: Punica granatum L. has strong anti-

proliferative, anti-inflammatory, anti-tumorigenic, pro-apoptotic, 
anti-estrogenic and antioxidant activities, according to the 
literature review [23].

Pomegranate trees produce blossoms in the summer that 
draw a variety of birds to the trees. The pale pink, piled oval 
petals that make up the pomegranate blooms are what give 
them their distinctive appearance [24]. Pomegranate flowers 
have long been used to treat diabetes, cardiovascular diseases, 
and obesity [25]. Pomegranate flowers have been utilized as a 
supplement in diet therapy and as an anti-diabetic drug in unani 
medicine for many years. With many potential methods, such as 
improved insulin receptor sensitivity, increased peripheral 
glucose utilization, and promotion of mRNA expression, the 
blossoms can considerably lower blood glucose levels in people 
with type II diabetes [26]. Although the exact processes causing 
these effects are uncertain, new studies indicate that 
pomegranate juice and blossoms may inhibit the progression of 
diabetes by binding to the peroxisome proliferator-activated 
receptor-gamma and releasing nitric oxide [27].

Daucus carota L.: The antioxidant, antibacterial, sedative, 
anti-inflammatory, antifungal, anthelmintic, anticancer, 
depressive, anti-cholesterol, gastric anti-ulcer and renal 
protective activities of Daucus carota L. has been noted. As a 
result, carrots can be utilized as a component of herbs; however, 
more investigation is required to identify carrots' therapeutic 
properties [28]. Carrots are a multi-nutrient food source because 
they include a high source of phytochemicals. Because of their 
anticancer, antioxidant, anti-inflammatory, antibacterial, plasma 
lipid modification and serotogenic properties, some 
phytochemicals found in carrots, including carotenoids, 
polyacetylenes, and ascorbic acid (vitamin C), have the potential 
to improve human health.

Gymnema sylvestre R. Br.: The herb Gymnema sylvestre R. Br. 
is frequently used to treat diabetes. Additionally, this plant 
contains anti-bacterial, anti-inflammatory and hypolipidemic 
properties. Additionally, it helps prevent cancer, asthma and 
cardiovascular illnesses [29]. Gymnema sylvestre R. Br. plant is 
frequently used in naturopathic medicine to cure diabetes. It 
also shows promise in the treatment of obesity, arthritis, 
hyperlipidemia, Parkinson's disease, and high cholesterol. The 
bioactive substances found in plants also have antibacterial, 
anti-inflammatory and anticancer activities [30]. Numerous 
bioactive substances that have been extracted from the plant 
and are either pure substances or crude extracts have been 
clinically studied in animal model systems for scientific 
validation [31].

Materials and Methods

Procurement of plant materials
All the three plant materials i.e., Punica granatum L. flower, 

Daucus carota L. fruit and Gymnema sylvestre R. Br. leaves were 
procured from different sources Khari Baoli, New Delhi.
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Identification and authentication of plant materials
Identification of plant materials were carried out by 

performing macroscopic and microscopic analysis. 
Macroscopical feature involves odour, color, size shape and 
special feature of plants and microscopical features include stem 
bark, root, leaves, stem, flower and trichome content. The 
procured material was authenticated in house, in Bioactive 
Natural Product Laboratory (BNPL) [32].

Extraction of plant materials
In triplicate, plant materials were removed and washed with 

tap water and distilled water before being dried for 15 days in 
the sun. The ingredients were then ground into a coarse powder 
after drying. The hard narcotics were initially coarsely pulverized 
using a mortar and pestle before being put through the milling 
machine in the UG Lab at SPER, Jamia Hamdard. Using a grinder, 
soft medicines were reduced to a coarse powder [33].

Dried plant materials of each plant were subjected to reflux 
extraction process: Accurately weighed 300 g of powdered 
Punica granatum L. flower, Daucus carota L. fruit and Gymnema 
sylvestre R. Br. leaves from each vendor was taken in triplicate. 
Each drug was macerated for 24 hrs with continuous shaking on 
mechanical shaker for 8 hrs at 200 rpm with three solvents in 
triplicate i.e. 600 ml of 70% alcohol (methanol), 600 ml of 
distilled water and 600 ml of hydro-alcoholic solvent (50:50)
(300 ml distilled water and 300 ml of 70% methanol). Further it 
was reflux for 2 to 3 hr. Each sample was filtered and pressed 
twice, firstly with the normal filter paper and then with muslin 
cloth. The filtrate was then poured in china dish after taking the 
empty weight of the china dish for calculation of extractive yield 
and evaporated to dryness on water bath under reduced 
pressure [34].

Extractive value:

Macroscopy and microscopy
Macroscopy: The plant material was placed on a sheet of

white paper for the macroscopic investigation, which involved
the morphological description of the plant sections with just the
naked eye. The shape, size, colour, odour and taste of leaves,
flowers, and fruits were assessed as well as their organoleptic
characteristics [35].

Microscopy: Plant samples were seen under the microscope
for improved identification using various mounting media,
stains, or other solutions. To soften the plant specimens, boiling
water was used to soak the Punica granatum L. flower, Daucus
carota L. fruit and Gymnema sylvestre R. Br. leaves for one to
two hours. All three specimens were sliced into thin parts using
a blade. Small plant tissue sections were transferred to clean
slides in the centre, 1 or 2 drops of cotton blue dye and safranin
dye (for each of the three specimens) were added, and then the

slides were covered with a fresh cover slip. The cover slip was
carefully positioned with its edge making initial contact with the
slide in order to prevent the creation of air bubbles. It was then
firmly pressed into place. Filter paper was used to wipe away
extra fluid from the cover slip's margin. To stop the slide from
drying out, glycerin was added to it. As a result, the produced
slides were examined under a motic microscope (found in the
Department of Food Technology at Jamia Hamdard) at 10x
magnification. Images were taken and stored, which were then
further examined for distinguishing characteristics and labeled
appropriately [35].

Physio-chemical parameters
Foreign matter: The sample must be free of any unpleasant

foreign matter, evident symptoms of mould growth, sliminess,
bug contamination and other animal and animal product
products, including animal excrement. Any organism,
component, or byproduct of an organism that is not listed in the
specification of the product is considered foreign matter, as are
mineral admixtures such soils, stones, sand and dust. Beyond
the bounds of the official parts of the organism, it must also
comprise other parts. Unless otherwise stated, take 100 g of the
sample and distribute it thinly on an appropriate platform.
Separate the foreign material by examining in the light of day
with your unaided eye or with a 6x or 10x magnifying glasses.
The foreign stuff can also be separated using a suitable sieve.
Sifting the sieve separates the dust that is thought to be a
mineral admixture. Calculate the percentage of development of
pharmacopoeia monograph according to United States
Pharmacopoeia (USP) of Punica granatum L. flower, Daucus
carota L. fruit and Gymnema sylvestre R. Br. leaves. Foreign
matter in the sample after it has been sorted through 250
different types of foreign material using the drug sample as a
reference [31,36].

Determination of moisture content (loss on drying): Under
the identical circumstances that will be used for the
determination, dry the evaporating dish for 30 mins. In a tuned
evaporating dish, add 5 g to 10 g of carefully weighed powder or
medication. Prepare 10 g of the sample for the unpowered
medication by cutting and shredding it into pieces that are about
3 mm thick. Crack any seeds and fruits that are less than 3 mm.
Avoid using high-speed mills to prepare the samples and take
care to ensure that the portion collected is an accurate
representation of the official sample and that no considerable
quantity of moisture is lost in the process. Distribute the test
specimen as equally as you can by giving it a gentle shake to a
depth of approximately 5 mm, or no more than 10 mm in the
case of bulky materials. In the drying chamber, place the loaded
bottle. Weigh the test specimen after 3 hrs of drying at 105°C.
Continue drying and weighing every half an hour until the
difference in weight between two subsequent measurements is
no greater than 0.25% [37].
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Determination of total ash: About 2 to 3 g of the pulverised
drug, precisely weighed, should be incinerated in a tarte
platinum or silica dish at a temperature no higher than 6000
until free from carbon. After cooling in a desiccator for 30 mins,
weigh the substance right away. If carbon-free ash cannot be
achieved in this manner, burn the charred mass with hot water,
collect the residue on ashless filter paper, add the filtrate, burn
the residue and filter paper until dry, and ignite at a temperature
of no more than 600°C. Determine the amount of ash in relation
to the air-dried medication [38].

Determination of acid-insoluble ash: 25 ml of diluted
hydrochloric acid should be added dropwise to the crucible
containing complete ash. Collect the insoluble material using
Whatman 41 ashless filter paper and then wash the filtrate in
hot water until it is neutral. To ignite to a consistent weight,
transfer the filter paper holding the insoluble material to the
original crucible, dry on a hot plate and ignite. Wait 30 mins
while the residue cools in suitable desiccators before weighing.
Determine the amount of acid-insoluble ash in the drug's air-
dried form [39].

Determination of alcohol-soluble extractive: In a closed flask,
macerate 5 g of the air dried medication, coarsely ground, with
100 ml of alcohol of the required strength for 24 hrs, stirring
frequently for the first 6 hrs and allowing standing for the
remaining 18. Filter quickly while taking steps to prevent solvent
loss. Evaporate 25 ml of the filtrate until it is dry in a shallow
dish with a flat bottom that has been tapered. Dry at 105°C, to
constant weight, and weigh. Determine the amount of extractive
that is soluble in alcohol using the air-dried medication as a
reference [31,40].

Quality control evaluation of extracts
Quality control evaluations of Punica granatum L. flower, 

Daucus carota L. fruit and Gymnema sylvestre R. Br. leaves plant 
extracts were done by phyto-chemical screening and thin-layer 
chromatography.

Quality control evaluations of plant extracts by phyto-
chemical screening: It includes TPC, TFC, spectrophotometer and 
determination of reducing power of extracts. 

Total Phenolic Content (TPC): The Folin-Ciocalteu reagent was 
used to determine the total phenols. Folin-Ciocalteu reagent (5
mL, 1:10 diluted with distilled water) and aqueous Na2CO3 (4 
mL, 1 M) were combined with a diluted plant extract (0.5 mL of 
1:10 g/mL) or gallic acid (a common phenolic component). A ter 
allowing the combinations to remain for 15 mins, colorimetry at 
765 nm was used to calculate the total phenols. Gallic acid 
solutions in methanol and water (50:50, v/v) solutions of 0, 50, 
100, 150, 200, and 250 mg L-1 were used to create the standard 
curve. Gallic acid equivalent (mg of gallic acid/g of dry mass), 
which is a common reference compound, is used to express total 
phenol values [41].

Total Flavonoid Content (TFC): For lavonoid, the aluminum 
chloride colorimetric technique was employed. Each plant 
extract was combined separately with 1.5 mL of methanol, 0.1 
mL of 10% aluminum chloride, 0.1 mL of 1 M potassium acetate, 
and 2.8 mL of distilled water. Each plant extract contained 0.5 
mL of 1:10 g/mL in methanol. A single beam Systronics UV/
Visible spectrophotometer (India) was used to test the reaction 
mixture's absorbance at 415 nm a ter it had been le t at room 
temperature for 30 mins. Quercetin solutions in methanol were 
produced at concentrations ranging from 12.5 to 100 g/mL-1 to 
create the calibration curve [42].

DPPH radical scavenging activity (Spectrophotometer): Using 
the DPPH assay, the ability of the methanol extracts to scavenge 
free radicals was evaluated. In methanol, a DPPH solution 
(0.004%, w/v) was created. Methanol was used to create a stock 
solution containing standard ascorbic acid (0.05 g/ml) and plant 
extract (1 mg/ml). Test tubes were illed with ascorbic acid and 
plant extract at varying quantities (10–500 g/ml), and 1 ml of 
freshly made DPPH solution was then added. The test tubes 
were then covered with aluminum foil to prevent light exposure. 
Each test tube's inal volume was increased to 2 ml with 
methanol before being incubated at room temperature for 30 
mins in the dark. Using a spectrophotometer, the absorbance 
was measured at 517 nm following incubation [43]. The identical 
volume of methanol, DPPH, and reference ascorbic acid were 
used to prepare the control sample [44]. The blank was made of 
methanol. The following formula was used to determine the 
radical scavenging:

Note: Abs: Absorbance.

Determination of reducing power of extracts: By mixing 100 L 
of extract with 0.2 M phosphate buffer (5.0 mL, pH: 6.6) and 1%
potassium ferricyanide (5.0 mL), the reducing power of the 
extracts was ascertained. 10% tricholoroacetic acid was added 
and centrifuged 12,000 g for 10 min at 50°C after 20 min of 
incubation at 50°C. The solution's top layer (5.0 mL) was read at 
700 nm after being diluted with 5.0 mL of distilled  water  and
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0.1% ferric chloride (1.0 mL). Three times t he experiment was 
run [45].

Quality control evaluations of plant extracts by Thin-Layer 
Chromatography (TLC): Thin layer chromatography was used to 
determine the quantity of chemicals present in the prepared 
plant extract as well as to assess their quality. The steps were 
carried out as described below [46].

Preparation, drying and storage of the plates: Small HPTLC 
aluminum plates with 0.2 mm HPTLC silica gel 60 F254 layers 
were used. In a twin trough chamber, the plates were 
completely saturated in methanol for around 45 mins. The 
plates were then baked in an oven for 10 mins at 110°C while 
being piled on a drying rack. The active plates were stored in 
desiccators until they were needed for other applications [47].

Application of the sample: Glass capillaries were employed 
for applying test samples on TLC plates. A transparent template 
was used to aid apply the spots, and a minimum of 1 cm was left 
between each pair of neighboring spots. On the top of the plate, 
the sample spots were labelled with their respective names [48].

Solvent system: For the plant extract, a variety of developing 
solvent systems were tested, but the solvent system with the 
ratio of chromatographic chamber saturation to TLC plate 
development yielded the most desirable resolution.

The experiment made use of a chromatographic rectangular 
glass box (16.5 cm 29.5 cm). A smooth sheet of filter paper of 15 
cm 40 cm in size was placed in the chromatographic chamber in 
a "U" shape and allowed to soak in the development solvent in 
order to prevent insufficient chamber saturation and the 
unwanted edge effect. The paper was moistened, and after 
being pressed against the chamber's walls, it clung to them. 
Before use, the chamber was given an hour to saturate. The 
studies were conducted in diffused daylight at room 
temperature [49].

Development and detection of spot: The TLC plates were 
dried for 5 min, and then the produced plates were examined in 
white light, 254 nm UV light, and 366 nm UV light. There were 
some places that could not be seen with the naked eye, thus 
detecting/visualizing chemicals like anisaldehyde solution were 
utilized [50].

Microbial toxins
Aflatoxins determination by Thin-Layer Chromatography 

(TLC): The aflatoxins in given drugs were analyzed by using TLC 
method [51].

Estimation of aflatoxin B–by TLC method: Methods of 
aflatoxin analysis are mainly based on their solubility 
characteristics in different solvents as well as on their 
characteristic fluorescent properties. The solubility of aflatoxins 
in organic solvents like chloroform, methanol, ethanol, acetone, 
acetonitrile, benzene etc., helps in their quantitative extraction 
from the various samples. Their insolubility in diethyl ether, 
petroleum ether and hexane helps in separating them from 
certain interfering pigments and fats. Their characteristic 
fluorescence and absorption in the long wavelength range have 
visible and UV light aids their detection and estimation [52].

Preparation of activated TLC plate: Prepare TLC plates of 
silica gel G (8-10 g with about 20 ml of water on a plate of 20 × 
20 cm size) using an applicator (0.40 mm thickness). Air-dry the 
plates overnight. Activate the plates in oven at 110 ± 1°C for 1 h. 
Apply 5 or 10 µl of the diluted extract on the marked TLC plates 
(3 cm above the bottom edge of the plate) along with standard 
aflatoxin solution representing 2.5, 5.0, 7.5 and 10 µg 
concentrations. Run the plates to about 15 cm height in a 
solvent system (chloroform: Acetone, 90:10 v/v). Remove the 
plates and air dry. Observe the plates under UV light at 360 nm 
in a UV chromatography view cabinet. Compare the intensities 
of the fluorescent of the spots produced by the sample with 
those produced by the standard for quantifying the aflatoxin 
content in the sample [53].

TLC-bioautography for Reactive Oxygen Species
(ROS)

In order to identify the antioxidant metabolites/reactive 
oxygen species in the best active extract, HPTLC bioautography 
technique was used [54].

Principle: The free radical scavenging activity of the extracts is 
evaluated by 1, 1-Diphenyl-2-Picryl-Hydrazyl (DPPH) reagent. 
DPPH is a free radical and accepts an electron or hydrogen 
radical to become a stable diamagnetic molecule. DPPH reacts 
with an antioxidant compound that can donate hydrogen and 
gets reduced. The change in colour (from deep violet to light 
yellow) was measured. The intensity of the yellow colour 
depends on the amount and nature of radical scavenger present 
in the sample or standard compounds [55].

Preparation of reagent: 0.1 mM methanolic DPPH solution 
was prepared by dissolving 1 mg of DPPH in 25 ml of methanol.

Selection of mobile phase: Two, pre coated aluminum sheet 
(10 × 10 cm) with silica gel 60 F254 of thickness 0.2 mm were 
used on which spots of best active extracts from both the plants 
in triplicate order with the band length of 5.0 mm were applied 
with the help of Linomat V5 applicator attached to HPTLC 
system which was programmed through WINCATS, the software 
which was installed with the system. After sample application, 
the plates were developed up to 80 mm in twin through glass 
chamber saturated with the respective solvent system. The 
plates were then dried at room temperature and dipped in with 
0.1 mM methanolic DPPH solution and observed under visible 
light. Presence of reactive oxygen species were detected by 
yellowish spots against a purple background [56].

Fourier Transforms Infrared Spectroscopy (FTIR)
Fourier Transform Infrared Spectroscopy (FTIR) is a well-

known method for locating functional groups in a chemical 
molecule. The peaks in FTIR spectra assist identify the types of 
bonds and functional groups present in the chemical compound 
by illuminating the excitation energy of the molecules' vibration 
modes [57].

Principle: The fact that many gases absorb IR radiation at 
species-specific frequencies is the fundamental premise behind 
both NDIR analyzers and FTIR spectrometers. However, FTIR
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spectroscopy is a dispersing approach, which means measure-
ments are carried out over a wide spectrum rather than a specific 
frequency range [58].

Using 2 ml cryotubes, the extract (2 g) was resuspended in 2 
ml of the same solvent. The extract was dissolved using a vortex, 
and more emulsification was achieved by shaking the tube for 
nearly an hour. ATR-IR FTIR (Alpha 1; Bruker, Germany, Europe) 
was then used to examine the extract [59]. The extract was 
examined using the prescribed process in the scanning wave 
number range of 4000 to 500 cm-1 with a resolution of 4 cm-1 in 
order to produce IR spectra. By comparing the spectral data with 
references from the identification of functional groups present 
in the sample, interpretation of IR spectra acquired from the 
extract was accomplished [60].

Results

Procurement and identification o f s elected plant
material

Procurement of plant materials: The selected plant materials 
i.e., Punica granatum L. flower, Daucus carota L. fruit and 
Gymnema sylvestre R. Br. Leaves were procured from Khari 
Baoli, New Delhi.

Identification and authentication of plant materials: The 
plant materials were identified and authenticated in-house using 
macroscopic and microscopic parameters. Macroscopical 
features include notable characteristics such as smell, colour, 
size and form. Microscopical characteristics include 
observational of specific microscopical characteristics. The 
authenticated sample specimens along with their voucher 
numbers have been deposited in the Bioactive Natural Product 
Laboratory (BNPL) for future reference which are enlisted in 
Table 1 and depicted in Figure 1.

Table 1: Authenticated plant specimens with their respective 
voucher numbers.

S. no Plant species Part used Voucher no.

1 Punica
granatum L.

Flower JH/SPER/
BNPL/COE/
22/01

2 Daucus carota
L.

Fruit JH/SPER/
BNPL/COE/
22/02

Macroscopy and microscopy
Macroscopic evaluation: Macroscopic characters of Punica 

granatum L. flower, Daucus carota L. fruit and Gymnema 
sylvestre R. Br. leaves were evaluated on the basis of size, shape 
and surface view were shown in Figure 2.

Punica granatum L. flowers were 3-7 cm long and 2 cm broad. 
Bright red in colour with 3-7 petals, rounded hexagonal in shape, 
orange to bright red surface view with red petals and numerous 
anthers attached to long red filament. Daucus carota L. fruits 
were found to be 5-50 cm in length with oblong-linear or narrow 
rhombic in shape and orange in colour. Gymnema sylvestre R. Br. 
leaves were 3-5 cm long and 3 cm broad, with elongated oval 
shape, brownish green in colour with no specific odour and 
bitter in taste.

Figure 2: Macroscopy of selected plants on the basis of 
size, shape and surface view. Note: A: Size of Punica 
granatum L. flower; B: Size of Daucus carota L. fruit; 
C: Size of Gymnema sylvestre R. Br. leaves; D: Shape of 
Punica granatum L. flower; E: Shape of Daucus carota L. 
fruit; F: Shape of Gymnema sylvestre R. Br. leaves; G: 
Surface view of Punica granatum L. flower; H: 
Surface view of Daucus carota L. fruit; I: Surface 
view of Gymnema sylvestre R. Br. leaves.
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3 Gymnema
sylvestre R.
Br.

Leaves JH/SPER/
BNPL/COE/
22/03

Figure 1: Stored plants specimens with voucher numbers. 
Note: A: Punica granatum L. flower; B: Daucus carota L. 
fruit; C: Gymnema sylvestre R. Br. leaves.
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Microscopy evaluation: The transverse sections of Punica 
granatum L. flower, Daucus carota L. fruit and Gymnema 
sylvestre R. Br. leaves were evaluated for microscopic 
characters; which showed the presence of vascular bundles, 
vein inlets, epidermal cells, cuticle, xylem, phloem, cambium, 
palisade cells etc.

Punica granatum L. flower:  The transverse section of 
Punica granatum L. showed the presence of epidermal 
cells with unicellular trichomes and were completely absent 
in the outer surface of epidermal cells, vein inlet was present 
in the outer region of epidermis. It also consisted of vascular 
bundles (xylem and phloem), the presence of rosette 
crystals and some parenchyma cells were also seen (Figure 3).

Daucus carota L. fruit: The transverse section of 
Daucus carota L. showed the presence of outer epidermis 
cells which consisted of different vascular bundles (xylem and 
phloem) in the upper epidermis layer, vein inlets were present at 
the margin of epidermal cells, multiple number of trichomes 
were present along with the epidermal cells and cuticle were 
present at the outer layer of epidermal cells (Figure 4).

Gymnema sylvestre R. Br. leaves: The transverse section 
of leaf was found to be dorsiventral and showed the presence 
of midrib and lamina. The mid rib was broadly hemispherical 
with short lump on the adaxial side. Multicellular 
unbranched trichomes consist of single rows of cells were 
present on the

both side of mid rib. Xylems were present in radial rows;
multiple phloem cells were present on both upper and lower
side of xylem stands. The epidermal cells of lamina were square
shaped with outer convex and thin cuticle. Palisade tissue was
found to be single layered, cylindrical. Four to five spongy
parenchyma cells were loosely arranged. Anomocytic and
paracytic stomata were also observed (Figure 5).

Powder microscopy: The powder characteristics of Punica 
granatum L. flower, Daucus carota L. fruit and Gymnema 
sylvestre R. Br. leaves powder microscopy was shown in Figures 
6-8, which showed the presence of many characteristics such as 
vascular bundles (xylem and phloem), epidermis layer, cortex, 
stomata, crystals, palisade, trichomes, fibers, stones cells 
mesophyll cells and parenchyma cells.

Powder microscopy of Punica granatum L. lower: The 
powder microscopy of Punica granatum L. flower showed the 
presence of different characteristics such as fibres and vessels, 
mesophyll cells, stone cells, parenchyma cells as depicted in 
Figure 6.

Powder microscopy of Daucus carota L. fruit: The powder 
microscopy of Daucus carota L. fruit showed the presence of 
different characteristics such as upper epidermis shows the 
presence of cortex layer and xylem vessels as depicted in Figure 
7.
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Figure 3: Microscopy of Punica granatum L. flower. Note: 
A: Vascular bundles; B: Vein inlets; C: Epidermal cells with 
trichomes; D: cuticle.

Figure 4: Microscopy of Daucus carota L. fruit. Note: A: 
Epidermal cells; B: Phloem; C: Xylem; D: Cortex and 
cambium.

Figure 5: Microscopy of Gymnema Sylvestre R. Br. leaves. 
Note: A: Xylem; B: Phloem; C: Spongy parenchyma; D: 
Multicellular trichomes; E: Palisade cells; F: Lower 
collenchyma.

Figure 6: Powder microscopy Punica granatum L. flower. 
Note: A: Fibre’s and vessels; B: Mesophyll cells; C: Stone 
cells; D: Parenchyma cells.



Powder microscopy of Gymnema sylvestre R. Br. Leaves: The 
powder microscopy of Gymnema sylvestre R. Br. leaves showed 
the presence of different characteristics such as upper epidermis 
shows the presence of glandular trichome, xylem vessels, crystal 
is present called rosette crystals as depicted in Figure 8.

Physico-chemical parameters: Physico-chemical parameters 
including foreign matter, moisture content total ash, acid 
insoluble ash, hexane soluble extractive yield and alcohol 
soluble extractive yield were evaluated. The results are 
tabulated in Table 2.

Table 2: Physico-chemical parameters of Punica granatum, 
Daucus carota and Gymnema sylvestre plants.

Parameters Punica
granatum L.
(Mean ± SD)

Daucus
carota L.
(Mean ± SD)

Gymnema
sylvestre R.
Br. (Mean ±
SD)

Foreign matter
(%)

1 ± 0.251661 0.10 ±
0.036056

1 ± 0.655744

Moisture
content (%)

0.6 ± 
0.052042

1.34 ± 0.01 0.8 ±
0.025166

Total ash (%) 4.14 ± 
0.360555

3.54 ± 0.01 12 ± 0.360555

Acid insoluble
ash (%)

2.14 ±
0.075719

0.14 ±
0.015275

2 ± 0.251661

Hexane
soluble
extractive
yield (% w/w)

7.4 ±
0.052915

0.8 ± 0.02 4.4 ±
0.064291

Alcohol
soluble
extractive
yield (% w/w)

22 ± 0.360555 23 ± 0.5 6 ± 0.360555

The preparation of aqueous and hydro-alcoholic extracts was
done using reflux condensation method (Figure 9).

The prepared aqueous and hydro-alcoholic extracts of Punica 
granatum L. flower, Daucus carota L. fruit and Gymnema 
sylvestre R. Br. leaves are represented in Figure 10.

Figure 10: Aqueous and hydro-alcoholic extracts of 
the selected plants. Note: A: Aqueous extract of Punica 
granatum L.; B: Hydro-alcoholic extract of Punica 
granatum L. flower; C: Aqueous extract of Daucus 
carota L.; D: Hydro-alcoholic extract of Daucus carota 
L. fruit; E: Aqueous extract of Gymnema sylvestre R.
Br. Leaves and F: Hydro-alcoholic extract of
Gymnema sylvestre R. Br. leaves.
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Figure 7: Powder microscopy of Daucus carota L. fruit. 
Note: A: Epidermis; B: Cortex; C: Xylem.

Figure 8: Powder microscopy of Gymnema sylvestre R. Br. 
leaves. Note: A: Trichomes; B: Xylem vessels; C: Rosette 
crystals.

Figure 9: Extraction of plant materials via reflux 
condensation method.

Extractive yields of selected plant materials were enlisted in 
Table 3.
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Plants name Extractive yield (%)

Aqueous (Mean ± 
SD)

Hydro-alcoholic
(Mean ± SD)

Punica granatum L. 20 ± 0.51 16 ± 0.312

Daucus carota L. 20.04 ± 0.518 16.08 ± 0.555

Gymnema sylvestre
R. Br.

33 ± 0.545 14 ± 0.513

Quality control evaluations of extracts
Quality control evaluations of selected plant extracts were 

performed using spectrophotometric and chromatographic 
techniques.

Phyto-chemical screening: It includes TPC, TFC at 760 and 
415, DPPH radical scavenging activity, Determination of reducing 
power.

Total Phenolic Content (TPC) determination by spectrophoto- 
meter at 760 nm: Total phenolic determination of aqueous and 
hydro-alcoholic extracts of Punica granatum L. flower extract, 
Daucus carota L. fruit extract and Gymnema sylvestre R. Br. 
leaves were performed using spectrophotometer at 760 nm. 
Calibration curve of gallic acid standard is depicted in Figure 11 
and obtained TPC of the prepared extracts were enlisted in Table 
4.

Table 4: Total phenolic content of aqueous and hydro-
alcoholic extracts of Punica granatum L. lower extract, Daucus 
carota L. fruit extract and Gymnema sylvestre R. Br. leaves 
plants.

Plants Extract TPC (total phenolic 
content)(mg/g 
GAE)
(Mean ± SD)

Punica granatum L. Aqueous 18.514 ± 0.298

Hydro-alcoholic 22.81 ± 0.464

Daucus carota L. Aqueous 9.245 ± 0.0025

Hydro-alcoholic 11.75 ± 0.4202

Gymnema sylvestre
R. Br.

Aqueous 25.87 ± 0.4833

Hydro-alcoholic 18.53 ± 0.2926

Total flavonoid determination by spectrophotometer at 415 
nm: Total flavonoid determination of aqueous and hydro-
alcoholic extracts of Punica granatum L. flower extract, Daucus 
carota L. fruit extract and Gymnema sylvestre R. Br. leaves were 
performed using spectrophotometer at 415 nm. Calibration 
curve of rutin standard is depicted in Figure 12 and obtained TFC 
of the prepared extracts are enlisted in Table 5.

Table 5: Total lavonoid content of aqueous and hydro-
alcoholic extracts of Punica granatum L. lower, Daucus carota L. 
fruit and Gymnema sylvestre R. Br. leaves plants.

Plants Extract TPC (total 
flavonoid content)
(mg/g/RE) (Mean ± 
SD)

Punica granatum L. Aqueous 14.608 ± 0.335

Hydro-alcoholic 16.21 ± 0.1184

Daucus carota L. Aqueous 11.67 ± 0.3707

Hydro-alcoholic 13.17 ± 0.0953

Gymnema sylvestre
R. Br.

Aqueous 15.39 ± 0.2170

Hydro-alcoholic 15.87 ± 0.4808

DPPH radical scavenging activity at 517 nm: DPPH 
radical scavenging activity of Punica granatum L. flower extract, 
Daucus carota L. fruit extract and Gymnema sylvestre R. Br. 
leaves were performed using spectrophotometer at 517 nm. 
Calibration curve of ascorbic acid standard is depicted in 
Figure 13 and obtained DPPH assay of the prepared extracts 
are enlisted in Table 6.
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Table 3: Extractive yields of the selected plants.

Figure 11: Calibration curve of gallic acid at 760 nm at 
different concentration (20 µL, 40 µL, 60 µL, 80 µL and 
100 µL) using spectrophotometer with R² of 0.998.

Figure 12: Calibration curve of rutin at 415 nm at different 
concentration (20 µL, 40 µL, 60 µL, 80 µL and 100 µL) using 
spectrophotometer with R² of 0.987.



Table 6: DPPH radical scavenging activity of aqueous and 
hydro-alcoholic extracts of Punica granatum L. lower, Daucus 
carota L. fruit and Gymnema sylvestre R. Br. leaves plants.

Plants Extract DPPH radical 
scavenging activity 
Ic50 µg/mL (Mean ± 
SD)

Punica granatum L. Aqueous 37 ± 0.661

Hydro-alcoholic 68.6 0 ± 0.608

Daucus carota L. Aqueous 57.3 ± 0.404

Hydro-alcoholic 92 ± 0.53

Gymnema sylvestre 
R. Br.

Aqueous 227 ± 1.527

Hydro-alcoholic 320 ± 2.516

Determination of reducing power of extracts at 700 nm: 
Determination of reducing power assay of Punica granatum L. 
flower extract, Daucus carota L. fruit extract and Gymnema 
sylvestre R. Br. leaves were using spectrophotometer at 700 nm. 
Calibration curve of ascorbic acid standard is depicted in Figure 
14 and obtained reducing power assay of the prepared extracts 
are enlisted in Table 7.

Figure 14: Calibration curve of ascorbic acid at 700 nm 
of ascorbic acid at different concentration (1000 µL, 500 
µL, 250 µL, 125 µL and 64.5 µL) using spectrophotometer 
with R² of 0.926.

Table 7: Determination of reducing power of aqueous and 
hydro-alcoholic extracts of Punica granatum L. lower, Daucus 
carota L. fruit and Gymnema sylvestre R. Br. leaves plants.

Plants Extract Reducing power 
Assay Ic50 µg/mL
(Mean ± SD)

Punica granatum L. Aqueous 21.49 ± 0.025

Hydro-alcoholic 68.6 ± 0.047

Daucus carota L. Aqueous 34.6 ± 0.052

Hydro-alcoholic 89.6 ± 0.025

Gymnema sylvestre
R. Br.

Aqueous 73.7 ± 0.084

Hydro-alcoholic 88.2 ± 0.011

Thin layer chromatography: Thin layer chromatography of
Punica granatum L., Daucus carota L. and Gymnema sylvestre R.
Br. extracts was done by preparing sample solution in respective
solvents by dissolving 30 mg of dried extracts per milliliter
solvents. Then, prepared solutions were centrifuged separately
to collect the supernatant. The collected supernatants were
filtered, and samples were spotted on TLC plate. Developed TLC
plates are illustrated in Figure 15.

High Performance Thin Layer Chromatography
(HPTLC)

Qualitative estimation: Qualitative estimation of Punica 
granatum L., Daucus carota L. and Gymnema sylvestre R. Br. 
extracts was done using HPTLC. Prepared samples of hydro-
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Figure 13: Calibration curve of ascorbic acid at 517 nm at 
different concentration (1000 µL, 500 µL, 250 µL, 125 µL 
and 64.5 µL) using spectrophotometer with R² of 0.989.

Figure 15: Developed TLC plates of hydro-alcoholic 
extracts using different solvents. Note: A: Toluene:Ethyl 
acetate:Formic acid (5:4:1) for gallic acid and ellagic acid 
in Punica granatum L.; B: Toluene:Ethyl acetate:Formic 
acid (6:3:1) for caffeic acid and kaempferol in Daucus 
carota L.; C: Toluene:Ethyl acetate:Methanol (6.5:2.5:1.4) 
for Beta-sitosterol in Gymnema sylvestre R. Br. plant 
extracts.
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alcoholic extracts were separately applied on the TLC plates as
5.0 mm bands with samples volume of 2.0 µL, 10 mm from the
lower edge, with 15 mm distance from each side, and a
minimum distance of 2.0 mm between each track. TLC plates
were transferred in a development chamber (CAMAG) and
developed using Toluene:Ethyl-acetate:Formic acid (5:4:1) as a
solvent system. The developed plates were air-dried. Further,
the developed plates were scanned at 254 and 366 nm for
fingerprint analysis (Figure 16).

A latoxin determination by TLC: The determination of 
aflatoxins was done by TLC using Toluene:Ethyl-acetate:Formic 
acid (6:3:1) as solvent system. Aflatoxin determination of 
Punica granatum L., Daucus carota L. and Gymnema sylvestre R. 
Br. Extracts are depicted in Figure 17.

No aflatoxins were detected in the Punica granatum L., 
Daucus carota L., and Gymnema sylvestre R. Br. plant extracts.

TLC-bioautography for Reactive Oxygen Species (ROS): The 
free radical scavenging activity of Punica granatum L., Daucus 
carota L., and Gymnema sylvestre R. Br. Plant extracts were 
confirmed using DPPH activity. After developing the samples on 
TLC plates, the plates were dipped in a solution of 5.0 mM

DPPH. Bright yellowish- or cream-colored bands appeared on 
the purple background indicating the antioxidant metabolites, 
depicted in Figure 18; Punica granatum L. plant extracts show 
the presence of 5 metabolites, whereas Daucus carota L. 
plant extract shows the presence of 4 metabolites, while; 
Gymnema sylvestre R. plant extract shows the presence of 4 
compounds.

Fourier Transforms Infrared Spectroscopy (FTIR)
The FTIR spectra of different plant extracts of Punica 

granatum L., Daucus carota L., and Gymnema sylvestre R. Br. 
at different wavelengths along with their functional groups 
are depicted in Figures 19-21.

FTIR of Punica granatum L. plant: Fourier Transform Infrared 
(FTIR) spectrum of the Punica granatum L. extract is represented 
in Figure 19. The absorption peaks located mainly at 3276/cm 
are generally attributed to aromatic or aliphatic O–H stretching, 
2325 and 2857 and 1984/cm are generally assigned to the alkyl 
C–H stretching, 2176/cm are represented to the alkenes C≡ C 
stretching band; whereas peak at 1721 assigned to the C=O 
group 1452, 1610/cm represented to the C=C, C=N groups, 1447, 
1320 and 1194/cm depicted to the C-N (cyanide group) 
stretching, 1022/cm assigned to the N-N and C-H, 873 and 750/
cm assigned to the C-H wagging vibrations (Table 8).

Figure 19: FTIR spectra of Punica granatum L. plants at 
different wavelength with their functional groups.
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Figure 16: TLC plate and chromatogram of hydro-
alcoholic extracts. Note: A: TLC plate of Punica 
granatum extract; B: TLC plate of Daucus carota 
extract; C: TLC plate of Gymnema sylvestre extract; 
E: Hydro-alcoholic extract of Punica granatum extract; 
F: Hydro-alcoholic extract of Daucus carota extract; G: 
Hydro-alcoholic extract of Gymnema sylvestre extract.

Figure 17: Aflatoxin determination by TLC using selected 
plant extract. Note: A: Gymnema sylvestre extract; B: 
Daucus carota extract; C: Punica granatum extract; D: 
Aflatoxin.

Figure 18: A: Punica granatum L. plant extracts show the 
presence of 5 metabolites; B: Daucus carota L. plant 
extract shows the presence of 4 metabolites; C: Gymnema 
sylvestre R. plant extract shows the presence of 4 
compounds.



S. no Wave number cm-1 Functional group

1 3276 O-H

2 2925 C-H

3 2857 C-H

4 2176 C≡C

5 1984 C-H

6 1721 C=O

7 1610 C=C, C=N

8 1447 C-N

9 1320 C-N stretching + C-
H

10 1194 C-N

11 1022 N-N + C-H

12 873 C-H wagging

13 750 C-H wagging

FTIR data of Daucus carota L. plant: Fourier Transform 
Infrared (FTIR) spectrum of the Daucus carota L. extract is 
represented in Figure 20. The absorption peaks located mainly at 
3280/cm are generally attributed to aromatic or aliphatic O–H 
stretching, 2926/cm are generally assigned to the alkyl C–H 
stretching, 1729/cm are represented to the C=O (carboxyl) 
group, 1409/cm assigned to the C-N group; whereas peaks at 
1370, 1326, 1242/cm assigned to the C-N stretching and C-H 
group, 1023/cm represented to the N-N stretching and C-H 
(alkyl) group, 919, 863, 819 and 767/cm assigned to the C-H 
wagging vibrations (Table 9).

Figure 20: FTIR spectra of Daucus carota L. plants at 
different wavelength with their functional groups.

S. no Wave number cm-1 Functional group

1 3280 O-H

2 2926 C-H

3 1729 C=O

4 1601 C=N

5 1409 C-N

6 1370 C-N stretching, C-H

7 1326 C-N stretching, C-H

8 1242 C-N stretching

9 1023 N-N stretching + C-H

10 919 C-H wagging

11 863 C-H wagging

12 819 C-H wagging

FTIR data of Gymnema sylvestre R. Br. plant: Fourier 
Transform Infrared (FTIR) spectrum of the Gymnema Sylvestre R. 
Br. extract is represented in Figure 21. The absorption peaks 
located mainly at 3285/cm are generally attributed to aromatic 
or aliphatic O–H stretching, 2921 and 2854/cm are generally 
assigned to the alkyl C–H stretching, 2176 and 2069/cm are 
represented to the C≡N (cyanide) group, 1727/cm assigned to 
the C=O stretching band, 1618/cm represented to the C=C, C=N 
groups, 1452/cm assigned to the C-N group; whereas peaks at 
1368, 1317, 1240 and 1018/cm assigned to the C-N stretching 
and C-H group, 1157/cm represented to the N-N stretching and 
C-H (alkyl) groups (Table 10).

Figure 21: FTIR spectra of Gymnema Sylvestre R. Br. 
plants at different wavelength with their functional 
groups.
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Table 8: FTIR data of Punica granatum L. plant. Table 9: FTIR data of Daucus carota L. plant.
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1 3285 O-H

2 2921 C-H

3 2854 C-H

4 2176 C≡N

5 2069 C≡N

6 1727 C=O

7 1618 C=C, C=N

8 1452 C-N

9 1368 C-N stretching + C-H

10 1317 C-N stretching + C-H

11 1240 C-N stretching

12 1157 N-N stretching + C-H

13 1018 C-N stretching + C-H

Discussion
Traditional medicinal herbs have a long history and are still

employed as first-line treatment alternatives. In developed and
developing countries, traditional medicinal herbs are being used
as alternatives to modern medicine to treat a variety of
conditions.

In Ayurveda and Unani, a number of medicinal plants have
been used individually or in combination with other herbs to
treat a variety of ailments and health issues [4]. As mentioned in
various pharmacopoeias, Punica granatum L. (pomegranate) can
help in treatment of various disease risk factors including high
blood pressure, high cholesterol, oxidative stress,
hyperglycemia, and inflammatory activities (API, Part-I, Vol-II).
Daucus carota L. (carrot) is a popular medicinal plant with
various pharmacological activities including antioxidant,
analgesic, anti-inflammatory, antimicrobial, antifungal, diuretic,
lithontripic, intra ocular hypotensive, gastroprotective,
hepatoprotective, aphrodistic, nephroprotective, antispasmodic,
anticancer, antiestrogenic, cardioprotective and wound healing
activities (UPI, Part-I, Vol-II) whereas, Gymnema sylvestre R. Br.
(gurmar) has potent anti-diabetic properties. It is also used for
controlling obesity in the form of Gymnema tea (API, Part-I, Vol-
V). These plant materials were extracted in two different
solvents to obtain aqueous and hydro-alcoholic extracts.
Aqueous extract was found to exhibit a higher extractive yield as
compared to hydro-alcoholic extract. The percentage yields for
aqueous extracts were 20%, 20.04% and 33% and for hydro-
alcoholic 16.08%, 16% and 14% for Punica granatum L. flower,
Daucus carota L. fruit and Gymnema sylvestre R. Br. leaves

respectively. The obtained extractive values were in compliance
with the reported values (API, Part-I, Vol -II), (UPI, Part-I, Vol-II)
and (API, Part-I, Vol-V). that have long been in attention due to
their health-promoting, disease-curing, and disease prevention
properties. DPPH and reducing power assay is another method
for the determination of antioxidant compounds (using
spectrophotometer). Table 10 signifies the obtained values for
the Total Phenolic Content (TPC) and Total Flavonoid Content
(TFC) of the aqueous and hydro-alcoholic extracts respectively
using Folin-Ciocalteau and colorimetric assay. Many phenolic
and flavonoid compounds have been reported to have
antioxidants properties [60]. The obtained values for total
phenolic content and total flavonoid content were in compliance
with reported values [60]. The antioxidant capacity of the
extracts of each plant material was expressed as equivalent of
ascorbic acid and the obtained values for DPPH scavenging
activity and reducing power assay. Hence the obtained values for
DPPH and reducing power assay were in compliance with
reported values.

The quality control analysis of herbal-based products is one of
the major issues. To obtain metabolite patterns from any extract
of plant materials, TLC profiling is frequently used. The TLC
profiling of the plant materials can be used for quality control.
TLC fingerprinting for identifying bioactive metabolites were
shown in Figure 16 at 254 and 366 nm, respectively using and
the selected solvent system Toluene:Ethyl acetate:Formic acid
(5:4:1) [47].

To screen the antioxidant activity of different extract, TLC-
bioautography was performed [46]. After separation of prepared
extracts on the TLC plates, the compounds with radical
scavenging activity were determined using DPPH reagent.
Maximum number of antioxidant metabolites were present in
Punica granatum L. extract, whereas minimum number of
metabolites were found in Daucus carota L. and Gymnema
sylvestre R. Br. extract as represented in Figure 18, hence the
obtained value were in compliance with reported values [46].

Fourier Transform Infrared Spectroscopy (FTIR) is a well-
known method for locating functional groups in a chemical
molecule. The peaks in FTIR spectra assist identify the types of
bonds and functional groups present in the chemical. The FTIR
spectra of Punica granatum L. were obtained such as the
absorption peak at 3280/cm showed the presence of O–H
stretching, 2926/cm were generally assigned to the alkyl C–H
stretching, 1729/cm were represented to the C=O (carboxyl)
group, 1409/cm assigned to the C-N group; whereas peaks at
1370, 1326, 1242/cm assigned to the C-N stretching and C-H
group, 1023/cm represented to the N-N stretching and C-H
(alkyl) group, 919, 863, 819 and 767/cm assigned to the C-H
wagging vibrations, hence the obtained FTIR spectra values of
Punica granatum L. were in compliance with reported values
[33]. The FTIR spectra of Daucus carota L. were obtained such as
the peaks at 3280/cm showed the presence of O–H stretching,
2926/cm were generally assigned to the alkyl C–H stretching,
1729/cm were represented to the C=O (carboxyl) group,
1409/cm assigned to the C-N group; whereas peaks at 1370,
1326, 1242/cm assigned to the C-N stretching and C-H group,
1023/cm represented to the N-N stretching and C-H (alkyl)
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Table 10: FTIR data of Gymnema sylvestre R. Br. plant.



group, 919, 863, 819 and 767/cm assigned to the C-H wagging
vibration, hence the obtained FTIR spectra values of Daucus
carota L. were in compliance with reported values [1]. The FTIR
spectra of Gymnema Sylvestre R. Br. were obtained such as the
peaks at 3285/cm are generally showed the presence O–H
stretching, 2921 and 2854/cm were generally assigned to the
alkyl C–H stretching, 2176 and 2069/cm were represented to the
C≡N (cyanide) group, 1727/cm assigned to the C=O stretching
band, 1618/cm represented to the C=C, C=N groups, 1452/cm
assigned to the C-N group; whereas peaks at 1368, 1317, 1240
and 1018/cm assigned to the C-N stretching and C-H group,
1157/cm represented to the N-N stretching and C-H (alkyl)
groups, hence the obtained FTIR spectra values of Gymnema
Sylvestre R. Br. were in compliance with reported values [57].

The developed article can serve as a reference standard for
studying various phytochemical and pharmacognostical
parameters and quality standards of the selected plants.

Conclusion
The quality control of natural products has become more

challenging, demanding as well as stringent. With the
remarkable worldwide increase in the use and demand of herbal
drugs, the quality control has become imperative for consumers
and health authorities to assure the use of standardized and
authentic plant-derived therapeutic materials.

In the present study, the quality control studies of flower of
Punica granatum L. fruit of Daucus carota L. and leaves of
Gymnema sylvestre R. Br. plants were carried out based on
physicochemical, phytochemical, and microbial tests. Simple,
rapid, and selective HPTLC methods were developed for
quantitative determination of major metabolites with versatile
bio-functions. Furthermore, the TLC-bioautography of the plants
led to the identification of major antioxidant compounds.

We have developed monographs for the plants Punica
granatum L., Daucus carota L., and Gymnema sylvestre R. Br.
Plants, respectively based on the quality control characteristics
that would be included in pharmacopoeias.
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