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Abstract

Activated carbon (AC) has been widely used in wastewater treatment for the removal of various pollutants because of its large
surface area and high adsorption capacity. In the present study, the phytochemical analysis of the indigenous medicinal plant
Wrightia tinctoria revealed the presence of Alkaloids, Flavonoids, Sterols, Glycosides, Terpenoids, and Phytosterols. The
activated carbon was prepared using Wrightia tinctoria and characterized by Field Emission-Scanning Electron Microscopy
(FE-SEM), Fourier Transform Infra-Red Spectroscopy (FT-IR) & Energy-dispersive X-ray spectroscopy. Parameters analyzed
for effluent treatment analysis include Alkaloid, Chloride, Hardness, COD (chemical oxygen demand), TDS (total dissolved
solids), and pH. The application of AC was tested towards methylene dye degradation and the best result with 0.09mg
concentration. The antimicrobial activity using the agar well diffusion method against the five bacterial cultures was studied
by comparing silver nitrate, silver nitrate+AC, and regular ampicillin (25 mcg). Silver nitrate+AC with a 23 mm zone of
inhibition produced the best results. In vitro tests revealed that AC has a positive impact on mung seed germination.

Keywords: Wrightia tinctoria, activated carbon, antimicrobial activity, phytochemical analysis, dye degradation, effluent

treatment.

Introduction

Activated carbon (AC) or activated charcoal is a form of
carbon-containing small low pores which increase the
exterior area for the adsorption process. AC surface area is
suitable for methods like metal extraction from industrial
waste purification, treatment of sewage, air conditioning
filters, and gas mask manufacturing ™. Physical and
chemical methods used to prepare the AC material. The
activated carbon was separated using physical methods at
high temperature. The thermal decomposition of raw
material with chemicals is used to perform chemical
activation in a single phase @. ZnCj,, H3PO4 HCI, and
H,SO, are acidic reagents used in chemical activation, while
Na,CO3;, KOH, and K,COj are basic reagents [,

AC was prepared from animal bones 1, algae 1, sawdust [©],
chitosan 1, the mixture of orange peels-coffee grounds-
melon seeds [ and sorghum grains 1. The fibrous protein
collagen makes up 30% of the weight of animal bones,
while the remaining 70% is made up of inorganic
hydroxyapatite with defect poorly crystalline cation and
anion substitutes 1.

AC and various low-cost materials such as peat, coal and
coconut shells have been studied for their ability to adsorb
various hazardous materials, especially heavy metals [,
The AC through phosphoric acid chemical activation
method from latex producing plant rubberwood sawdust has
a high surface area [*%1. The chemical activation method was
used for the preparation of AC from coir pith and adsorption
of toxic heavy metals - mercury(ll), lead (11), cadmium(ll),

nickel(ll), and copper(ll) were reported and studied. The
adsorption pH increases from 2 to 6 and remains constant up
to 10. The cost-effective removal of toxic heavy metals
from industrial wastewater using discarded coir pith from
coir manufacturing industries 12,

The granular AC adsorbs pharmaceutical components
namely acetaminophen, diclofenac, and sulfamethoxazole
(131 The AC polymeric coating or microencapsulation of
charcoal within polymers has improved their bond
compatibility. The activated carbon is encapsulated within
chitosan (ACCB) beads were comprehensively investigated
for the removal of various toxins such as urea, creatinine,
uric acid & bilirubin 41,

Wrightia tinctoria belongs to the family, Apocynaceae. It is
a small deciduous tree having pale grey color, smooth bark,
distributed in tropical Africa, Southeast Asia, and Australia.
Pala Indigo Plant, Sweet Indrajao and Dyer's Oleander are
some of the other names for this plant. In India, medicinal
preparations use the whole plant or plant-specific sections
such as bark, leaf, seed, and root [**1, Bark and seeds are
used in the treatment of bilious fever, patches of abnormal
skin, Hansen’s disease, asthma, and other skin diseases [¢l.
The leaves juice is used widely in the treatment of jaundice,
and the crushed fresh leaves relieve toothache. Its bark
ethanol extract showed immune, modulatory activity, and
protective activity against an acute gastric ulcer in
experimental rats (71,

It has been traditionally used with special emphasis on
pharmacological action like analgesic [8,  anti-
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inflammatory, anthelmintic 1, antiulcer % antidiabetic
21 anti-cancer, antipyretic, antidysenteric activity [22,
aphrodisiac, astringent and antimicrobial properties. Silver
nanoparticles had been synthesized and characterized from
Wrightia tinctoria 2%, It has the pharmacological potential
to be used as an anti-inflammatory agent when tested in
several animal models 4. It is an important ethnomedical
plant widely used to treat skin diseases in folk medicine 2,
The effects of Wrightia tinctoria leaves extract and Morinda
citrifolia fruit powder on HIV-1(111B) replication in MT-4
cells and HCV replication in Huh 5,2 cells were
investigated. In MT-4 cells. Wrightia tinctoria chloroform
extract showed 48% defence against cytopathic effects on
HIV-1 (111B) 281,

Bacteria is supposed to breed on the surface of activated
carbon fibres, ultimately becoming a pollutant. As a result,
silver-loaded fibre could effectively combat and destroy
bacteria - 281 and will benefit from the high adsorption
potential of activated carbon fibre while avoiding biological
contamination %, Activated carbon had an application in
plant tissue culture and was used in the germination of
orchid %1, Adding activated charcoal to the medium in plant
tissue culture encourages growth by adsorbing toxic
metabolites, according to studies 4.

In light of this, the aim of this study was to prepare and
characterise activated carbon from Wrightia tinctoria in
order to investigate its antibacterial properties, dye
adsorption, and seed germinating potential. The
phytochemicals were screened for secondary metabolites.

Materials and methods

Reagents and Chemicals

Hi-media and Sigma chemicals supplied all of the reagents
and media elements.

Plant materials Collection

Wrightia tinctoria is popularly known as the jaundice
curative plant was collected from the local area in and
around Erode, Erode District, Tamil Nadu, India.

Phytochemical screening

Phytochemical screening was performed according to
Harborne's (1984) 2 method. The dried leaves powder of
Wrightia tinctoria was screened for the presence of
Alkaloids, Tannins, Phytosterols, Phenols, Flavonoids,
Sterols, Terpenoids, Saponins, Glycosides, Carbohydrates,
Proteins, Gums and Mucilages.

Preparation of activated carbon

Harvested mature green leaves were extensively washed
with double distilled water. The leaves were chopped into
small pieces shade dried for a week and powdered 50 g of
powder was taken and mixed with sulphuric acid and kept
for two days. To obtain activated carbon, the carbonized
material was filtered through a cotton cloth, washed with
double distilled water, and dried in a hot air oven for two
days at 180 °C B,

Characterization of activated carbon
FE-SEM  (Field Emission  Scanning
Microscopy)

Topographic information attainable using the FE-SEM
allows that surface features such as pore characteristics, the
description of which has been a significant preoccupation of
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AC chemicals studied and measured directly from FE-SEM
micrographs.

FTIR (Fourier-Transform Infra-Red Spectroscopy)

The chemical structure and functional groups were
calculated by analysing the infrared spectrum. The FTIR
analysis of the prepared AC was performed.

EDX (Energy-Dispersive X-ray analysis)
It's used to figure out the elements present in the sample of
specimen.

Antimicrobial activity

Sample Preparation

0.1gm of activated carbon was grained and mixed with 1ml
of dimethy! sulfoxide (DMSO) (Kannan et al., 2006) 1,

Preparation of Silver Nitrate
1ml of distilled water was mixed with 0.5mM silver nitrate.

Bacterial Strains

Bacillus cereus (MTCC No.— 430), Escherichia coli (MTCC
No.— 1698), Klebsiella pneumoniae (MTCC No.— 10309),
Pseudomonas aeruginosa (MTCC No.— 424), and
Staphylococcus aureus (MTCC No. — 3160) were used for
analysis.

Determination of Antimicrobial Activity

The antimicrobial activity of activated carbon was assessed
using the proper diffusion technique by the Kirby-Bauer
method B4, Test organisms were swabbed on air-dried
nutrient agar plates using sterile cotton swabs. The wells
were loaded with 100 pl of dissolved activated carbon on
the surface of nutrient agar plated swabbed with bacterial
cultures and control was also maintained. The activity of
AC, silver nitrate, and combination were determined and the
zone of inhibition was measured. The plates were incubated
at 37 °C overnight, and the activity was determined by
measuring the zone of inhibition around each disc in mm
(Excluding the diameter of the disc).

In vitro seed germination

Seed Collection

Mung bean (Vigna radiate) seeds were purchased from the
local market.

Materials Preparation
Seeds were washed with sterile distilled water thrice and
then the seeds were inoculated onto the culture medium
surface containing AC.

Sterilization

The explants were rinsed for 10 minutes in running tap
water to remove the soil and other foreign particles. The
explants were rinsed with double distilled water and then
with two drops of Tween 20. Later the sample was washed
for 30 seconds with 70% ethanol, followed by 10 minutes of
rinsing with freshly prepared mercuric chloride solution
(0.1%). Until inoculation, the explant was washed 3-4 times
with double distilled water.

Washed with 70% ethanol for 30 seconds, followed by
rinsing with freshly prepared mercuric chloride solution
(0.1%) for 10 minutes. Finally, the explant was washed with
double distilled water 3-4 times before inoculation.
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Media Composition

Properly surface-sterilized seeds were inoculated on
Murashige and Skoog basal media [ supplemented with
growth regulator hormone IAA acid (0.1/50 ml), 3.0 %
sucrose, and 0.7% agar as a solidifying agent B¢, Three
different concentrations of AC (0.1, 0.2 & 0.3 gm) were
added in MS media and seed germination of the seed was
analyzed. The pH of the media is maintained at 5.7 with 1N
NaOH or HCI before 20 minutes of sterilization. The
proliferation of germination seeds was observed 371,

Dye degradation

Preparation of Dye

About 0.1 gm of methylene blue was dissolved in a 1000ml
volumetric flask and diluted up to the mark by the addition
of deionized water.

Dye Degradation

Different concentration (0.07, 0.08, 0.09 & 0.1 mg) of AC
was added and analyzed by using UV-Visible spectrometer
at the wavelength of 665 nm [,

Wastewater treatment plant

Filtration Method

Wastewater treatment analysis was done with the effluent
collected from industries near Perundurai, Erode District,
Tamil Nadu, India. The effluent treatment was carried out
by the filtration method using the AC filter. The wastewater
was allowed to pass through the filter and the filtrate
obtained was collected for further analysis [,

Results and Discussion

The Phytochemical screening of Wrightia tinctoria was
performed according to the method of Harborne 21 showed
the presence of alkaloids, flavonoids, sterols, glycosides,
terpenoids, and phytosterols (Table-6). Terpenoids have
anti-malarial, anti-cancer, anti-inflammatory, cholesterol-
synthesis-inhibiting, anti-viral, anti-bacterial, and anti-viral
properties (%, The preparation of AC from the plant leaves
was done by the chemical activation method using H2SO4
(Fig.-1). Similar studies were carried out using coconut
shells Y and agricultural waste 2; where AC was oxidized
by concentrated HNOs. The presence of a dark black colour
when Wrightia tinctoria dried leaves powder was combined
with a concentrated sulphuric acid solution suggested the
formation of AC primarily due to the decomposition of the
plant cell wall by concentrated sulphuric acid. Since the
efficacy and significance of AC are based on the adsorption
mechanism, surface chemistry, and porosity, different
characterization techniques (FE-SEM, EDX, and FTIR)
were used to investigate the prepared substances. The FE-
SEM studies confirmed that the formation of AC in the size
range of 20um showing, honeycomb shapes like structure
which was found to be the same as reported earlier 3! and
5um showing ice flood like structure (Fig.-2 a & b). Heating
at various steps of the AC preparation led to the resulting
structure & better used for the adsorption of various
compounds. The analysis through FTIR helped to identify
the chemical bond and the functional groups. The peak at
2353.16cm™ corresponded to the strong vibrations of C-N
triple bond indicated the presence of Nitriles, the band at
3780.48cm™ referred to the OH stretching with strong
vibrations revealed the Hydroxyl groups and was found to
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be similar to the earlier report on physical activation used to
characterize activated carbon made from Albizia lebbeck!l,
The peak at 439.77cm with C-H stretching weak vibrations
confirmed the presence of hydrocarbons. The medium
vibrations of C-H stretching were attributed to the
confirmation of aromatic rings, and the carboxylic group
was ratified with O-H stretching strong vibrations 14 (Fig.-3
& Table-1). A similar research on Xylenol Orange
adsorption on Kigelia africana and Melia azedarach fruits
based on the presence of carboxyl group supported the
presence of carboxyl group “°. The peak at 2877.77cm
attributed to CH stretching revealed the presence of
aldehydes and the peak at 555.5 cm™ indicated the presence
of iodides. The concept of surface functional groups was
recorded to offer insight into the adsorption capability of the
activated chars generated €1, The study on AC from various
agricultural wastes by chemical activation with KOH had
supported the current study in FTIR characterization and the
functional groups identified [*71. EDX analysis revealed the
contents as Carbon (52.95%), Oxygen (33.93%), Silicon
(0.43%), Sulfur (8.49%), Calcium (4.20%), and the highest
percentage of AC were identified as carbon (Fig.-4 & Table-
2). Since the prepared AC has well-defined porosity of
various shapes and sizes, as well as the presence of various
high carbon functional groups, it could be used for dye
removal 8, The formation of activated carbon was rapid
and the reaction was completed in 2 days when comparing
to physical activation. This made the investigation highly
significant for the rapid formation of activated carbon. As
reported earlier, the objective of relatively well-developed
porous AC by chemical activation method was achieved(*,
The antimicrobial activity of AC, silver nitrate, and
combination were determined and the zone of inhibition was
measured. AC & Silver nitrate profoundly inhibited the
microorganism  when  combined especially against
Escherichia coli and Staphylococcus aureus which revealed
the zone of inhibition as 23 mm and 23 mm respectively
(Table-3). It was earlier analyzed that activated carbon is the
widely used nanoparticles for water purification because of
its large surface area and high adsorption capacity 9. Its
reported that activated carbon was found to be a powerful
antimicrobial agent and bacteria adsorbent, supporting the
current study and suggesting that carbon with antimicrobial
properties may be used in water filtration systems and
cosmetics U, Surface sterilized seeds of mung beans were
inoculated on MS basal media supplemented with varying
concentrations of growth regulator hormone IAA (control).
The germination of seeds was observed for about 7 days.
The seeds sprouted in 3 days. The measurement of plant
growth was noted, and the maximum growth of 7.5 cm was
recorded in 0.1 mg AC supplemented media (Fig.-5 a to c).
Using similar approaches, orchid seeds were germinated in
vitro, supporting the current study's findings that activated
carbon helps seed germination 5230, So it could be used in
seed propagation as well as the breaking of dormancy.
Methylene blue dye degradation was measured and analyzed
using different concentrations (0.07, 0.08, 0.09, and 0.1 mg)
of activated carbon. The high degradation of dye was
observed with a 1mg concentration (Fig.-6 a to e; Table-4).
A related analysis of methylene blue removal using AC
from the Bombax cieba treel®®, pea shell®, rice husk[®®],
and coir pith[ served as support for the current work.

The sample was allowed to move through the activated
carbon filter during the wastewater treatment analysis. The
filtrate was collected in separate beakers and tested for
various parameters such as alkaloids, chloride, hardness,
TDS, COD, and pH, and it yielded positive results across
the board (Table-5).
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Table 1: FTIR Analysis of Prepared Activated Carbon
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Table 2: EDX Analysis of Activated Carbon

Freqguency (cm™)| Bonding [Type of vibration|Functional group S. No. Element Weight Atomic % Error
2353.16 C-N triple Strong Nitriles L Ck 52.95 63.76 7.45
bond stretch 2, Ok 33.93 30.67 9.15
3780.48 OH stretch Strong Hydroxy group 3. Si k 043 0.22 26.98
439.77 C-H stretch Weak Hydrocarbons 4. Sk 8.49 383 4.74
47063 C-H stretch Medium Aromatic ring 5 Cak 4.20 152 11.66
3711.04 O-H stretch Strong Carboxylic group - - - -
Table 3: Comparative Antimicrobial analysis of Activated Carbon, Silver Nitrate & Combined with standard
Zone of inhibition in diameter (mm)
Microorganisms Activated Carbon Silver Nitrate Combination (.)f Actlyated IAmpicillin (Standard)
(0.1g/ 1mI DMSO) (0.5mM) (100y) Carbon and Silver nitrate (25mcg)
(100pl) ' W (1oopl) g
Escherichia coli (MTCC No. - 1698) 14 15 23 10
Bacillus cereus (MTCC No. - 430) 13 14 16 12
Klebsiella pneumoniae (MTCC No. - 10309) 15 17 16 15
Pseudomonas aeruginosa (MTCC No. - 424) 15 14 14 10
Staphylococcus aureus (MTCC No. - 3160) 16 18 23 11

Table 4: Dye degradation of activated carbon from Wrightia

tinctoria
SNo. Concentration of Activated | Percentage of Dye
Carbon (mg) degradation
Cc 0.00 1.2
S1 0.07 48
S2 0.08 67
S3 0.09 82
S4 0.1 82

Table 5: Effluent treatment of activated carbon from Wrightia

tinctoria
S.No.ParametersBemre tre"’ItmentAfter treatment of water|
of water

1 | Alkaloid 200 ppm 170 ppm

2 | Chloride 110 ppm 90 ppm

3 | Hardness 400 ppm 350 ppm

4 COoD 20.96 20.48

5 TDS 212 ppm 171 ppm

6 pH 6.5 6.9
Table 6: Phytochemical Analysis of Wrightia tinctoria

S.No. Phytochemicals Result
1 Alkaloids Positive
2 Flavonoids Positive
3 Saponins Negative
4 Sterols Positive
5 Tannins Negative
6 Phenols Negative
7 Glycosides Positive
8 Terpenoids Positive
9 Carbohydrates Negative
10 Phytosterols Positive
11 Proteins Negative
12 Gums & Mucilages Negative

Fig 1: Activated Carbon from dried leaves powder of Wrightia
tinctoria

SEMHV: 50KV wo:essmm 110110

View field: 122 ym Det: SE 20pm View feid: 17.2 jm Dat: SE

SEM MAG: 1.70 kx _ Date{mdly): 03:09/19 SEM MAG: 120k _ Data{micly): 03019

Fig 2: Characterization of the Prepared Activated Carbon by FE-
SEM Analysis
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Fig 4: EDX Analysis of Activated Carbon

Fig 5: In vitro Seed Germination Analysis of Activated Carbon
from Wrightia tinctoria

ﬂ@ :]-j' j[j @-

Fig 6: Dye degradation analysis of activated carbon from Wrightia
tinctoria
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Conclusion

We have established a green eco-friendly and expeditious
biological method towards the preparation of activated
carbon using Wrightia tinctoria leaves and it has various
biological applications. The existence of various secondary
metabolites was revealed through phytochemical screening.
SEM studies have confirmed the formation of activated
carbon in the size range of 20 um with honeycomb-like
structure and 5 pum shows Ice flood-like structure. The
infrared spectrum helped to identify the chemical structure
and functional groups in the activated carbon. So the use of
activated carbon in various applications would favour the
demand in dye, agricultural and medical industries.
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