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ABSTRACT  

Antioxidants diminish the activation of 
overwhelming free radicals which is the 

cause for many diseases. As using 

synthetic antioxidants carries drawbacks, 
at present there is a high demand on 

natural antioxidants derived from 

medicinal plants to develop natural 

therapeutic strategies. The present study 

aims to detect the antioxidant properties of 

the leaves and bark of the versatile 

medicinal plant, Azadirachta indica 

(Neem). The dried and powdered leaves 

and bark samples were extracted via cold 

maceration with four differently polar 

solvents:80% ethanol, 80% methanol, 
distilled water and chloroform. A 

qualitative phytochemical screening was 

performed to detect various 

phytochemicals resulting a higher number 

of phytochemicals in Neem leaves. The 

quantitative determination of the total 

phenolic content (TPC), total flavonoid 

content (TFC) and total antioxidant 

capacity (TAC) was conducted using 

spectrophotometry with reference to 

Gallic acid, Rutin and Ascorbic acid 

standard curves respectively. 
Furthermore, the free radical scavenging 

activity was obtained in terms of 2,2'-

Azino-Bis-3-Ethylbenzothiazoline-6-

Sulfonic Acid (ABTS), Ferric ion 

reducing antioxidant power (FRAP) and 

2,2-diphenyl-1-picryl-hydrazyl-hydrate 

(DPPH) radical activity. The statistical 

analysis was done via SPSS. The study 

revealed that extracting a particular agent 

depends on the solvent and the extracted 

part of the plant. With reference to that, 
polar solvents showed more contribution 

towards the extraction while leaf extracts 

stated a higher antioxidant capacity, 

established by the TPC values of ethanolic 

and chloroform leaf extracts which were 

508.58 µgGAE/g and 181.65 µgGAE/g 

respectively. The present study can be 

developed further to investigate 

alternative drug developments using the 

antioxidant properties of Neem.  

Keywords: Antioxidant capacity, 
Azadirachta indica, free radicals, solvent 

extractions 

 

INTRODUCTION 

Background  

To ensure the survival and well-being of 
the body, humans indulge activities such 

as inducing the synthesis or release of 

reactive substances (Engwa,2018) that are 

generated due to various endogenous and 
aerobic metabolic reactions in the human 

body or by exposure to various 

physiochemical statuses (Lobo et 

al.,2010). These reactive species are 

nitrogenated/oxygenated free radicals 

containing an unpaired electron in their 

outermost orbital and are capable of 

independent existence. When in a 

balanced state, they functionate in 

regulatory processes such as cell 

proliferation, apoptosis and gene 

expression (Pisoschi et al.,2016). When 
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produced in excess, free radicals 

counteract on macromolecules resulting in 

cell damage and oxidative stress that arises 

when balance between free radicals and 

antioxidants are unfavorable. Oxidative 

stress leads to chronic diseases like 

diabetes, atherosclerosis, rheumatoid 

arthritis and cancer (Liguori et al.,2018).  

Antioxidants are categorized as 
substances that inhibits oxidation. They 

are capable of terminating the damage 
caused by free radicals and oxidative 

stress by their free radical scavenging 

ability. Antioxidants can be synthesized 

in-vivo or consumed in the diet. Plants are 

considered as the main source of 

exogenous antioxidants, because of their 

abundancy in phytochemicals, that 

possesses antioxidant properties, (Kasote 

et al.,2015). These natural antioxidants are 

investigated in therapeutic interventions to 

cure many diseases due to its less toxicity 
and minor harmful effects. 

The present research aims on 
determining the best solvent for the 

extraction of neem leaves and bark out of 

four different solvents, to observe their 

antioxidant capacities and free radical 

scavenging properties. It focuses on the 

determination of the antioxidant capacity 

of the plant materials with reference to the 

TPC, TFC and TAC and determination of 

the free radical scavenging activity using 

DPPH, FRAP and ABTS assays. 

 

Introduction to the plant Neem 

The versatile herbal plant Azadirachta 
indica, commonly known as Neem, is a 

flowering plant that has a life span of 150-

300 years and grows approximately 15-20 

meters tall (Yadav et al., 2016). Neem 
bark is brown and rough while pinnate 

Neem leaves grow up to 30 centimeters 

long with 10-12 serrated sets of leaves. 

(Maragathavalli et al.,2012). Neem is a 

member of Meliaceae family and is mainly 

cultivated in the Indian subcontinent. As 

recorded Neem was initially used in the 

ancient Indian Harappa culture for medical 

treatments and currently almost every part 

of the tree is extensively used in the fields 

of Ayurveda, Unani and Homoeopathic 

medicines to treat various ailments as 

listed in the table 1.0 (Kumar and 

Navaratnam,2013).   

Table 1.0 Medicinal uses of different 
parts of Neem (Adapted from 

Agrawal,2002 and Sahrawat et al., 2018) 

 
 
 
 
 
 
 
 
 
 

Neem tree as a whole is an abundant 
source of antioxidants and performs a 

significant role in scavenging free 

radicals, that impact the growth and 

development of certain definite conditions 

of the tree. Active components of Neem 

leaves, bark, seeds and oil which is 

extracted from Neem seeds are considered 
as strong anti-inflammatory agents and 

consists of antimicrobial, anticancer, anti-

arthritic properties. An active agent of 

Neem recognised as NLGP is known as a 

potent immunomodulatory agent. 

(Wilson,2019 and Chaudhary et al.,2017). 

Moreover, Neem contains hepato-renal 

protective activity and hypolipidemic 

effects (Sahrawat et al., 2018). The 

antibacterial properties of the plant could 

be used to control air bone bacterial 
contaminations (Maragathavalli et 

al.,2012). Such important therapeutic 

properties of Neem can be effectively used 

in synthesizing new phytomedicines 

(Fong et al.,2014). Therefore, as Neem is 

recognised as an anti-cancer agent, 

currently the ethanolic extracts from neem 

leaves are tested to promote treatments to 
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hinder mammary tumour activity (Braga 

et al.,2018).  

Apart from the medicinal benefits, the 
insecticidal properties of the leaves, bark 

and oil which can be effective as 

pesticides, herbicides, fungicides and 

weedicides in agriculture (Chaudhary et 

al., 2017). Figure 1.0 illustrates a summary 

of the bio pesticidal and therapeutic 

properties contained in different parts of 

Neem.  

Figure 1.0 Schematic representation of 

the Bio pesticidal and therapeutic 
properties of Neem (Chaudhary et 

al.,2017). 

Determination of phytochemicals of 
different solvent extractions of Neem 

leaves and bark. 

Preliminary screening of 
phytochemicals is the important 

qualitative analysis in detecting various 

bio-active compounds present in plants 

which lead the pathway for drug discovery 

(Yadav et al.,2014). Successful 

determination of any biological property 

mainly depends on the extraction method 

and the type of solvent used (Yusuf et 

al.,2014). In the present research, the 
crude extracts of dried neem leaves and 

bark as shown in Figure 2.0 were obtained 

using cold maceration technique with 

reference to three polar solvents: 80% 

ethanol, 80% methanol, distilled water and 

one non-polar solvent: Chloroform. The 

dielectric constants of these solvents are 

33.0, 25.3, 80.4 and 4.81 respectively. 

 

Figure 2.0 Dried neem samples A) 
leaves and B) bark 

 

Most of the phytochemicals, are polar 
groups and dissolves well in ethanol and 

methanol, but alcohols 

 
 
 
 

 
 
 
 
 
 
 

will be evaporated to avoid any possible 

false positive activities (Do et al.,2014). 
Ethanol emerges as a conventional solvent 

due to safety for infused edibles and is 

considered as an ideal solvent in extracting 

terpenes and phenolic compounds (Sun et 

al.,2015). Methanol is frequently used as it 

has good 

 
 
 
 
 
 
 
 
 
 

penetration to the cell content and has 
efficacy in extracting lower molecular 

weight polyphenols (Truong et al.,2019). 

Phytochemicals like glycosides has a 

higher polarity and is sparingly soluble in 

these solvents therefore to compare with 

them aqueous extracts were used (Nawaz 

et al.,2020). Chloroform is used as it is 

relatively unreactive, conveniently 

volatile and miscible with most of organic 

compounds that are non-polar (Dhawan 

and Gupta,2017). 

 
Determination of the Antioxidant 

capacity  

The antioxidant capacity of a plant is a 

quantitative analysis estimated 
spectrophotometrically, and determined 

by the concentration of antioxidants. It is 
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an important parameter in terms of quality 

control and authentication of plant 

products (Tütem et al.,2014). Phenolic 

compounds (flavonoids, phenolic acid and 

tannins) are recognized to be the major 

contributors towards the antioxidant 

activity in plants (Sonboli et al.,2010). In 

this research, antioxidant activity of 

extracted samples was quantified by three 
tests: Total phenolic content (TPC), Total 

flavonoid content (TFC) and the Total 

antioxidant capacity (TAC) with reference 

to Gallic acid, Rutin and Ascorbic acid 

standard curves respectively. The 

following Table 2.0 indicates a description 

on the principle of each assay 

Table 2.0 Methods and the basic 
principle of TPC, TFC and TAC (Adapted 

from Maragathavali et al., 2012) 

 
 
 
 
 
 
 
 

Determination of the free radical 

scavenging activity  

Many of the natural antioxidants are 
identified as potent free radical scavengers 

that could prevent the damage caused by 

excess free radicals (Sonboli et al.,2010). 

In this study DPPH, ABTS and FRAP free 

radical scavenging activities of Neem 

extracts were estimated 

spectrophotometrically. DPPH and ABTS 
assays are discoloration assays, in which 

the purple DPPH free radical reduces to a 

yellowish hydrazine due to the reaction 

with hydrogen donors (Kiranmai et 

al.,2011) and ABTS·+ radical was 

produced by the reaction between aqueous 

ABTS and potassium persulfate. FRAP 

assay is based on the reduction of 

colourless Fe3+-TPTZ complex to a blue 

colour Fe2+-tripyridyl-triazine formed by 

electron donor antioxidants at low pH 

levels (Rajurkar and Hande,2011). 

 

Methodology 

 

Sample preparation, Extraction and 
filtration 

Neem leaves and bark samples were 
collected from a home garden located in 

Dehiwala, Sri Lanka, and were washed 

and shade dried for two weeks. Dried 

samples were grounded into fine powder 

and 8.0g of each powder was extracted 

with 40.0ml of each solvent;80% ethanol, 

80% methanol, chloroform and water to a 

ratio of 1:5 and kept in the roller-mixer for 

24 hours followed by a double filtration. 

The filtrates were transferred into clean 

falcon tubes and stored at -4°C until 
further use (Dharajiya et al.,2017). 

 

Phytochemical screening 

The filtrates were diluted to a ratio of 

1:10 with their respective solvent and were 
tested to detect the presence of following 

phytochemicals as listed in Table 3.0. 

 

Table 3.0 Phytochemical screening tests 
adopted from Ali et al., 2018, Bandiola, 

2018, Dhruti et al., 2016 and 

Maragathavalli et al., 2012). 
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Determination of the total 

antioxidant capacity  

 

Determination of the Total Phenolic 
Content (TPC) 

The Folin-ciocalteau micro method was 
followed according to a modified protocol 

adopted from Wangcharoen and Morasuk, 

2007. To 60.0µl of each plant extract 

diluted with 4.80ml of distilled water, 

300.0µl of the Folin-ciocalteau reagent 

was transferred. The reaction mixture was 

incubated for 8 minutes and was mixed 

with 900.0µl of 20% Na2CO3. The 

samples were inverted for several times 
and incubated for 30 minutes at 40°C. The 

absorbance was measured in triplicates at 

765nm and distilled water was used as the 

blank. TPC was calculated in µg Gallic 

acid equivalent/g (µgGAE/g) with 

reference to Gallic acid standard curve. 

 

Determination of the Total Flavonoid 

Content (TFC) 

A modified protocol of the Aluminium 
Chloride colorimetric method was 

followed with reference to Rejab and 

Ksibi,2019. To 100.0µl of each plant 

extract, 0.50ml of distilled water was 

poured and 150µl of 5% NaNO2 was 

added. The samples were incubated for 5 

minutes and 250.0µl of 2% AlCl3 was 
added. After 6 minutes, 250.0µl of 1M 

NaOH was added, the solution was stirred 

vigorously and incubated for 10 minutes. 

The absorbance was measured in 

triplicates at 510nm and distilled water 

was used as the blank. TFC was calculated 

in mg Rutin equivalent/g (mgRE/g) with 

reference to the standard curve for Rutin. 

 

Determination of the Total 

Antioxidant Capacity (TAC) 

A modified protocol of the 
Phosphomolybdenum method was 

followed with reference to Biney et al., 

(2020). The reagent solution was prepared 

and 300.0µl of the reagent was mixed with 

3.0ml of the reagent. The reaction solution 

was incubated at 95°C for 90 minutes in 

water-bath. Absorbance was measured in 

triplicates at 695nm and distilled water 

was used as the blank. TAC was calculated 

in mg Ascorbic acid equivalent/ g 

(mgAAE/g) with reference to the Ascorbic 

acid standard curve  

 

Determination of the free radical 

scavenging activity 

  

ABTS radical scavenging assay 

ABTS assay was proceeded with 
reference to the methodology adopted 

from Shahinuzzaman et al., (2020) with 

some modifications. The ABTS reagent 

was prepared and incubated for 16 hours 

in the dark. To 100µl of the extract, 3.9ml 
of the reagent was mixed. The samples 

were incubated for 6 minutes at room 

temperature and the absorbance was 

measured in triplicates at 745nm using 

100% ethanol as blank and 2.0ml of ABTS 

solution+1.0ml of methanol as the control. 

The absorbances were taken in triplicates 

and the scavenging activity was obtained 

by the following equation. 

 
 
 

FRAP assay 

The assay was adopted from Rajurkar 
and Hande, 2011 and few modifications 

were carried out. The FRAP reagent was 

prepared and 100.0µl of the plant extract 

was mixed with 1.90ml of FRAP. The 

samples were incubated for 30 minutes at 
room temperature. The absorbance was 

measured in triplicates at 620nm and 

FRAP reagent+ distilled water was used as 

the control. The scavenging activity was 

obtained by the following formula. 

 
 
 

DPPH assay 
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The methodology of DPPH assay was 
adopted from Biney et al., 2020 and few 

modifications were carried out. A mass of 

5.320mg of DPPH was mixed with 

100.0ml methanol to prepare the reagent. 

To 1.0ml of the extract, 1.0ml of DPPH 

reagent was added. The mixture was 

inverted several times and was incubated 

in the dark for 30 minutes. The absorbance 
was measured in triplicates at 517nm and 

Ascorbic acid was used as the control. The 

values were measured in triplicates for 

each sample and the scavenging activity 

was obtained by the following equation. 

 
 
 
 

RESULTS 

Results of the Qualitative Analysis 

The following table 4.0 summarizes the 
results obtained in the phytochemical 

screening tests of the plant extracts. The 

(+) sign depicts the positive results while 
(-) sign indicates the negative results 

 
 
 
 
 
 
 
 
 
 
 
 

Results of the antioxidant capacity 
assays 

The TPC values, expressed as µg 
GAE/g in Figure 3.0 were obtained from 

the Gallic Acid standard curve, (y = 

0.0201x-0.3675 with a R2=0.974) where y 

represented the mean absorbance and x 

represented the concentration of gallic 

acid (μg/mL). 

 
 
 
 
 
 
 
 
 
 

Figure 3.0 Total Phenolic Content of 
neem leaf and bark extracts with reference 

to Gallic Acid standard curve 

 
The total flavonoid content of the 

samples expressed as mgRE/g in Figure 

4.0 were obtained from the Rutin standard 

curve, (y = 0.1021x+0.0687 with a 

R2=0.9455) where y represented the mean 

absorbance while x showed the 

concentration of Rutin (mg/ml). 

 
 
 

 

 

 

 

Figure 4.0 Total Flavonoid Content of 

neem leaves and bark extracts with 

reference to the Rutin standard curve.  

 

The total antioxidant capacity values of 
the extracts, expressed as mgAAE/g in 
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Figure 5.0 below were derived with 

reference to the ascorbic acid standard 

curve (y = 0.0972x-0.0326 with a 

R2=0.9942), where y refers to the mean 

absorbance while x refers to the 

concentration of ascorbic acid (mg/ml).  

Figure 5.0 Total Antioxidant Capacity 
of neem leaf and bark extracts with 

reference to Ascorbic acid standard curve. 

 
 
 
 
 

 

 

 

 

 

 

Results of the free radical scavenging 
activity 

The following figures 6.0, 7.0 and 8.0 
illustrates the results of ABTS, FRAP and 

DPPH radical scavenging activities of the 

solvent extracts 

 

 

 

  

 

 

 

 

 

 

 

Figure 6.0 ABTS activity expressed by 
neem leaf and bark extracts 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 

Figure 7.0 FRAP Activity expressed by 
neem leaf and bark extracts 

 
 
 
 
 
 
 
 
 
 
 

Figure 8.0 DPPH Activity expressed by 
neem leaf and bark extracts 

 
 
DISCUSSION 

Phytochemicals extracted from plant 

materials possesses antioxidants, which 

are effective in developing novel 

pharmaceutical strategies (Dhakal et 

al.,2016) Neem is one kind of a plant, 

considered as a rich source of a diverse 

variety of phytochemicals (Srivastava et 

al.,2020). This study was performed to 

examine the presence of phytochemicals 

and the antioxidant capacity of them with 
respect to four different solvent 

extractions of leaves and bark of Neem, 

underpinning various assays. But the 
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design of the study did not allow to 

recognize the fact that phytochemicals 

give rise to some of the tested properties 

such as free radical scavenging activity. 

With reference to the results of the 
qualitative analysis in table 4.0 it is proven 

that most of Neem solvent extracts 

contained carbohydrates, flavonoids, 

coumarins and quinones which are 

supported by the study of Nelson et al., 

(2018). Same study reports flavonoids as 
one of the most popular secondary 

metabolites, which is proven by the results 

for flavonoids in this present study. 

Sharma and Patel (2018) states that 

methanolic extracts of both Neem leaf and 

stem-bark do not contain Phlobotannins 

which is proven by all the plant extracts of 

this study. Particularly Neem bark has 

revealed the absence of tannins which was 

consistent with the study of Sharma et al., 

(2014). According to Nelson et al., (2018) 
the presence of steroids in the stem bark 

and the absence of steroids in leaf extracts 

gives evidence as to why Neem bark is 

often used in pharmacotherapy in the 

production of reproductive hormones. 

Even though ethanolic and methanolic leaf 

extracts have detected carbohydrates in the 

present study, according to Shu’aibu et al., 

(2015) carbohydrates have not been 

detected in Neem leaves. The same study 

says such variations of phytochemicals 

could occur due to ecological and 
geographical factors in different study 

areas. According to the table 4.0 overall 

Neem leaves have reported in a higher 

number of phytochemicals than the bark. 

The positive results of neem leaves are 

supported by the studies of Ramadass and 

Subramanian, (2018) and Dash et al., 

(2017).  

The selection of a solvent, substantially 
impacts on the yield of the extract as 

solubility levels of different compounds 

varies among different solvents. 

Therefore, selection of a solvent is a key 
parameter in both qualitative and 

quantitative analysis of different 

compounds (Biney et al., 2020). 

 According to the results of TPC on 
Figure 3.0 ethanol has proven a high yield 

of phenolic content in leaves than rest of 

the solvents and similar results were 

revealed in the studies of Do, et al., (2014) 

and Hismath et al., (2011). Ethanol is less 

polar in nature and it results in dissolution 

of low or non-polar constituents 

(Wangcharoen and Morasuk, 2007) which 
revels that the phenolic compounds that 

are responsible for the TPC of Neem 

leaves are less polar (Hismath et al.,2011) 

and a higher yield can be extracted from 

Ethanol. Highest TPC in Neem bark 

(Figure 3.0) was shown in methanol 

extracts which is similar with results of 

and Dhakal et al., (2016) and Sultana et al., 

(2009). It proves that phenolic compounds 

responsible for TPC in Neem bark possess 

moderately polar phenol groups than of 
leaves (Do et al., 2014) that is highly 

soluble in methanol. It is significantly 

shown that leaves have a higher TPC than 

in bark which is conflicting in, Abdulkadir 

et al., (2017) with reference to Neem but 

reveled in Abeysekera et al., (2013) for 

Cinnamon.  

Many flavonoid compounds are strong 
antioxidants that effectively scavenge 

reactive oxygen species due to their 

phenolic hydroxyl groups (Anokwuru et 

al.,2011). As shown in Figure 4.0 in 

leaves, even though methanol has resulted 

a highest flavonoid content, its error bars 
overlap with ethanol leaf extracts resulting 

that both solvents have an equal capacity 

in extracting flavonoid compounds of 

Neem leaves. Methanol has reported the 

highest TFC values in Neem bark and it is 

approved in the results of Kiranmai et al., 

(2012). This can be attributable to 

flavonoids that gives rise to TFC in the 

Neem bark are highly soluble in methanol 

than in other three solvents. This indicates 

that Methanol is the best solvent for the 
extraction of flavonoids in Neem bark. 

According to the results significantly a 
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higher TFC is seen in Neem leaves than in 

Neem bark which is consistent with the 

results for TFC in the study of Abdulkadir 

et al., (2017). 

When optimizing the values of TAC in 
Figure 5.0 it is clearly visible that 

chloroform and distilled water has shown 

an equal role in extracting antioxidant 

compounds in Neem leaves. Even though 

the quantity is shown in less, the highest 

amount of TAC values in Neem bark is 
shown by chloroform as the error bar is not 

overlapping with the rest. Similar results 

have been obtained in the study by 

Hossain et al., (2013). Compounds such as 

(2E)-3,7,11,15-tetramethyl-2-hexadecen-

1-ol, methyl 14-methylpentadecanoate, 

lineoleoyl chloride, phytol, methyl 

isoheptadecanoate and nonacosane are 

reveled to be responsible for high TAC in 

the chloroform extracts as mentioned in 

the study of Hossain et al., (2013). When 
comparing the results, leaves have proven 

to have a much higher antioxidant capacity 

than in bark extracts. 

As shown in Figure 6.0 ABTS 
scavenging activity is significantly high in 

methanolic extracts of leaves than the rest 

of the leaf extracts. Both chloroform and 

distilled water leaf extracts has shown as 

an equal and intermediate scavenging 

activity as the error bars overlaps with one 

another Both methanol and chloroform 

has resulted in a high ABTS scavenging 

activity in bark and as the error bars are 

overlapping with each other, it is revealed 
that both has an equal impact towards the 

ABTS radical scavenging activity. But 

according to the results obtained by 

Kiranmai et al., (2012) chloroform has 

resulted in a very high ABTS scavenging 

activity while methanolic extracts have 

resulted in a much less scavenging 

activity. Moreover, ethanol and distilled 

water also has equal capabilities towards 

the ABTS scavenging activity in bark.  

FRAP activity (Figure 7.0) was 
identified to be high in ethanol extracts of 

leaves while the other three solvent 

extracts were identified to have a similar 

contribution. These results are 

significantly different to the results of 

Kiranmai et al., (2012) as methanol has 

resulted in a higher FRAP scavenging 

activity compared to ethanol, chloroform, 

and ethyl acetate. In the same study 

chloroform has not shown FRAP activity 

which is conflicting from the results of the 
present study. All the four solvent extracts 

have an equal contribution towards FRAP 

scavenging activity of Neem bark as the 

error bars overlaps with one another which 

is again different from the results of 

Kiranmai et al., (2012) 

 In the present study both chloroform 
leaf and bark extracts has resulted in a 

similar DPPH scavenging activity along 

with the ethanol leaf and bark extracts as 

their error bars overlap with each other. 

According to Nahak and Sahu, et al., 

(2010) ethanol has the highest DPPH 
scavenging activity in different parts of 

Neem compared to water and methanol. 

The bark has resulted in a higher DPPH 

scavenging activity than the leaves in this 

study, proving the results of Abdulkadir et 

al., (2017). 

 

CONCLUSION 

Qualitative analysis in the present study 

confirms that Neem leaves and bark are 

rich with a variety of secondary 

metabolites out of which Neem leaves are 

confirmed to have a higher number of 

phytochemicals. Therefore, leaves have 

proven to have the highest antioxidant 

capacity. The study suggests that the 

antioxidant capacity and the antioxidant 

potential of a plant material can be 
measured with reference to its total 

phenolic content and total flavonoid 

content and by measuring the scavenging 

activity. The results, declare that the 

solvent of extraction depends on the 

compound that is to be extracted in 

determining the antioxidant capacities. 

Therefore, different solvents can be used 
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to extract different compounds from the 

plant extracts. 

As future works, the impact of a more 
variety of solvents can be observed 

proceeding the same research to analyze 

the impact of different solvents towards 

the extraction of plant materials. Isolation, 

purification, characterization and 

structural elucidation of phytochemicals 

present in different parts of Neem using 

High Performance Liquid 
Chromatography/Mass Spectrometry 

(HPLC/MS) and Nuclear Magnetic 

Resonance Spectroscopy (NMR) are 

recommended to be examine. Tests can be 

developed to detect antibacterial 

properties of Neem leaves and bark and 

statistical analysis can be performed to 

find the correlation between the 

antioxidant capacity and the antibacterial 

properties which can be aided in future 

drug discovery and pharmaceutical 
applications of the industry. 
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