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Abstract The present work involves extraction of phytochemicals from the root bark of a well-known
Indian traditional medicinal plant, viz. Mammea suriga, with various solvents and evaluation of their
in vitro antimicrobial and antioxidant activities using standard methods. The phytochemical analysis
indicates the presence of some interesting secondary metabolites like flavonoids, cardiac glycosides,
alkaloids, saponins and tannins in the extracts. Also, the solvent extracts displayed promising anti-
microbial activity against Staphylococcus aureus, Bacillus subtilis and Cryptococcus neoformans with
inhibition zone in a range of 20–33 mm. Further, results of their antioxidant screening revealed that
aqueous extract (with IC50 values of 111.5171.03 and 31.0570.92 μg/mL in total reducing power assay
and DPHH radical scavenging assay, respectively) and ethanolic extract (with IC50 values of
128.0071.01 and 33.2570.89 μg/mL in total reducing power assay and DPHH radical scavenging
assay, respectively) were better antioxidants than standard ascorbic acid. Interestingly, FT-IR analysis of
each extract established the presence of various biologically active functional groups in it.

& 2015 Xi’an Jiaotong University. Production and hosting by Elsevier B.V.

Open access under CC BY-NC-ND license.
1. Introduction

Nowadays, the use of natural formulations as medicine is
gaining more popularity. In fact, several natural formulations
which make use of herbal extracts have been found to be safer
medicines with minimum side effects when compared to
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chemical drugs. According to the Bulletin of the World Health
Organization (WHO), around 65% of the world’s population
relied on medicinal plants as their primary healthcare source [1].
Also, it has been estimated that about 50% of the medicines
developed since 1980 have been natural products, their deriva-
tives, or their analogs [2,3]. Further, it has been predicted that
approximately 25% of the currently used modern medicines are
derived from plants [3]. Amongst them, analgesics (morphine),
cardiotonics (digoxin), anticancer drugs (paclitaxel and the
vinca alkaloids) and the antimalarials (quinine and artemisinin)
are noteworthy [4].
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Mammea suriga is a familiar endemic medicinal plant belonging
to the family Clusiaceae, which grows abundantly in Western Ghats
of India. The plant is well known for its diverse applications in folk
medicine in our region. It is a large tree, growing to a height of 12–
18 m and its bud is used as a minor spice. The flower buds possess
mild stimulant, carminative and astringent properties and are used in
the treatment of dyspepsia and haemorroid [5]. Its root-paste is
widely used as medicine to cure partial headache [6]. The roots of
Mammea longifolia (Wight) Planch and Triana are shown to contain
interesting molecules, viz. coumarins surangin A, surangin B and
taraxerol [7]. It was reported that the extract of stem bark of M.
longifolia showed one more coumarin named surangin C [8].
Indeed, Mammea coumarins have been investigated to possess a
wide array of biological activities. These coumarins are good radical
scavengers [9] and are cytotoxic to human tumor cells [9–13] that
suppress tumor growth in animal models [14] and also they exhibit
anti-HIV [15], antifungal [16] and antibacterial [13,17] activities.

Encouraged by the reported medicinal properties of M. suriga
genus and prompted by the usage of root bark extract of M. suriga in
many traditional medicinal formulations of our region, it has been
contemplated to concentrate our studies on phytochemical studies of
this rarely explored species and to investigate its medicinal properties.
Accordingly, in the present study, the phytochemicals root bark of M.
suriga was extracted with various solvents and these extracts were
studied for their in vitro antimicrobial and antioxidant properties.
Their antimicrobial activities were determined using disc diffusion
assay and the antioxidant activity was evaluated by reducing power
assay and DPPH radical scavenging method. In addition, Fourier
transform infra-red (FT-IR) spectral analysis of crude extract was
carried out in order to predict the presence of various active functional
groups which are responsible for their biological activities.
2. Methods

2.1. Chemicals and reagents

1,1-Diphenyl-2-picrylhydrazyl (DPPH), trichloro acetic acid and ascor-
bic acid were purchased from Sigma-Aldrich (St. Louis, USA). Meullar
Hinton agar media and fluconazole were purchased from HiMedia
(Mumbai, India). Clairo mono cefoperazone sublactum was procured
from Span Diagnostics Ltd. (Surat, India). Cefoxitin and ticarcilin
clavulanic acid were purchased from Oxoid Ltd. (Basingstoke, UK).

2.2. Plant material

The root barks of M. suriga were collected from the Western
Ghats of Karnataka, India, during winter season. Plant parts were
packed immediately after picking and kept in cold (�20 1C) dark
storage until processed. The plant specimen was identified with the
help of an expert, Prof. P. D. Ramya Rai (Head, Department of
Botany, Alva’s College, Mangalore University, India). Voucher
specimens (No. T 6789/2011) were prepared and deposited in the
herbarium of Alva’s College, Moodbidri, India.

2.3. Extracts preparation

The root bark of M. suriga was washed with water and shade dried
at room temperature for 15 days. After drying, the sample was
coarsely powdered with a grinder. The dry sample (60 g) was
sequentially extracted with petroleum ether, chloroform, ethyl
acetate, ethanol and water (200 mL� 2, each solvent) for 14 h
under constant agitation. The extracts were evaporated to dryness
in vacuo and stored in cold until used. The extraction yield was
expressed as

Extraction yield ð%Þ ¼ Weight of the dry extract ðgÞ
Weight of the sample used for the extraction ðgÞ � 100

2.4. Preliminary phytochemical assay

Freshly prepared extracts were subjected to standard methods of
phytochemical analyses [18,19] to detect the presence of phyto-
constituents, viz. flavanoids, carbohydrates, glycosides, saponins,
tannins, proteins and alkaloids.

2.5. Antibacterial screening

In vitro antibacterial screening of the plant extracts in DMF was
carried out against five pathogenic strains, viz. Escherichia coli
(ATCC-25922), Staphylococcus aureus (ATCC-25923), Pseudo-
monas aeruginosa (ATCC-27853), Bacillus subtilis (recultured)
and Serratia marcescens (recultured) by the disk-diffusion
method [20]. To standardize the inoculum density for a suscept-
ibility test, BaSO4 turbidity standard, equivalent to a 0.5 McFar-
land standard, was used. A 0.5 McFarland standard was prepared
as described by Andrews et al. [21]. The dried surface of a
Mueller-Hinton agar plate was inoculated by streaking the swab
over the entire sterile agar surface. Sterile filter paper discs of
6 mm diameter were loaded with 20 μL of the plant extract
dissolved in DMF (50 mg/mL) to yield a final concentration of
1000 μg/disc. The paper discs were allowed to evaporate and
then placed aseptically on the surface of the inoculated agar
plates. Standard clairo mono cefoperazone sublactum, cefoxitin
and ticarcilin clavulanic acid were used as positive controls while
DMF served as a negative control. The experiment was
performed in triplicates under aseptic conditions. Plates were
kept at 4 1C for 15 min for diffusion and then incubated for 18 h
at 37 1C. At the end of the incubation period, the antibacterial
activity was evaluated by measuring the inhibition zones. The
mean value of the diameter of the inhibition zone of the
triplicates sets was taken as the final value.

2.6. Antifungal screening

In vitro antifungal testing of the plant extracts in DMF was carried
out against two pathogenic fungi Candida albicans (recultured)
and Cryptococcus neoformans (recultured) by the disk-diffusion
method on a potato dextrose agar plate. The Petri dishes were
prepared in triplicates and maintained at 37 1C for 2–5 days.
Flucanazole was used as the standard. The measurements were
carried out as described in the antibacterial assay above.

2.7. Total reducing power assay

Total reducing power of plant extracts was evaluated as
described by Barros et al. [22] with minor modifications. Ethyl
acetate, ethanolic and aqueous extracts were selected for the
analysis. However, petroleum ether and chloroform extracts
were not selected because of their insolubility in the experi-
mental solvent system. In the procedure, 1.0 mL of plant extract
solutions (final concentration 20–1000 μg/mL) was mixed with
sodium phosphate buffer (pH 6.6, 0.2 M, 2.5 mL) and
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potassium ferricyanide (1% (w/v), 2.5 mL). The mixture was
incubated at 50 1C for 20 min. Trichloroacetic acid (10%,
2.5 mL) was then added, and the mixture was centrifuged at
1000 rpm for 10 min. The supernatant liquid (2.5 mL) was
mixed with deionized water (2.5 mL) and ferric chloride
solution (0.1%, 0.5 mL), and the absorbance was measured
spectrophotometrically at 700 nm. The extract concentration
providing 0.5 of absorbance (IC50) was calculated from the
graph of absorbance against extract concentration. In the
experiments, ascorbic acid was used as the standard.
2.8. DPPH radical scavenging assay

The free radical scavenging capacity of the extracts was
determined using DPPH (2, 2-diphenyl 1-picryl hydrazyl) radical
as described by Barros et al. [22] with minor alterations. Each
sample stock solution (1.0 mg/mL) was diluted to final concen-
trations of 20–1000 μg/mL with 95% methanol. Various con-
centrations of plant extracts (0.3 mL) were mixed with freshly
prepared methanolic solution containing DPPH radicals (0.004%
(w/v), 2.7 mL). The mixture was shaken vigorously and allowed
to stand for 60 min in the dark (until stable absorption values
were obtained). The extent of reduction of the DPPH radical was
determined by measuring the absorption at 517 nm. Ascorbic
acid was used as a reference standard and DPPH solution was
used as the control. The radical scavenging activity (RSA) was
calculated as a percentage of DPPH discoloration using the
following equation:

RSA %ð Þ ¼ Absorbance of control � Absorbance of test sample
Absorbance of control

� �
� 100%

The scavenging activity was plotted against concentration and IC50

(the extract concentration providing 50% of radicals scavenging
activity) value was calculated from the graph by linear regression
analysis.
2.9. Infra-red spectroscopy

Infra-red spectra of the crude samples were recorded to detect
various functional groups responsible for biological activities.
Perfectly dried powder/paste of the extracts was placed on the
sample chamber of FT-IR spectrophotometer and the spectra were
recorded in the range of 3600–600 cm�1 on Nicolet Avatar 330
FTIR spectrometer. Important absorption frequencies appeared in
functional group region as well as fingerprint region of the spectra
were noted down.
Table 1 Yield, color and consistency of root bark extracts of M. su

Extracts Extraction yield

Petroleum ether 7.4
Chloroform 8.8
Ethyl acetate 9.3
Ethanol 11.5
Water 10.43
2.10. Statistical analysis

All the in vitro experimental results were presented as mean7SEM
of three parallel measurements and data were evaluated using
student’s t-test. P-valueso0.05 were regarded as significant. Results
were processed by Microsoft Excel (2007) and BioStat.
3. Results

3.1. Preliminary phytochemical investigation

The yield, color and consistency of different extracts of M. suriga
are given in Table 1. It was observed that ethanol extraction
produced maximum yield of phytochemicals about 11.5%, whereas
petroleum ether extraction yielded only 7.4%. The results of the
phytochemical screening of root bark extracts of M. suriga are
summarized in Table 2. The results indicated the presence of
large amounts of flavonoids, cardiac glycosides and alkaloids in the
root bark extracts. Further, active compounds of alkaloids and
cardiac glycosides were present in all solvent extracts. Some extracts
showed the presence of small amounts of saponins, tannins and
proteins. In all the extracts, carbohydrates and reducing sugars were
found to be absent. Only aqueous extract showed the presence of
proteins to a weaker extent.
3.2. Antibacterial activity

The results of antibacterial screening of root bark extracts are
summarized in Table 3. It was observed that E. coli exhibited a
moderate inhibition zone 9–10 mm for all the extracts. Petroleum
ether, ethyl acetate, chloroform, ethanolic and aqueous extracts of
M. suriga showed the inhibition zone between 28 and 33 mm
against S. aureus (Fig. 1(A)). Among these, petroleum ether
extract (32 mm), ethanolic extract (32 mm) and aqueous extract
(33 mm) displayed a very good antibacterial activity when
compared to other extracts. Presence of active alkaloids and
flavonoids in these extract may be the reason for good antibacterial
activity. It was observed that only aqueous extract of M. suriga
was effective against the bacteria P. aeruginosa and no other
extracts displayed any significant activity at the tested concentra-
tions. All the extracts displayed moderate activity ranging from 20
to 25 mm against B. subtilis (Fig. 1(B)). Furthermore, against S.
marcescens only non-polar solvent extracts, viz. petroleum ether
extract and chloroform extract, showed a remarkable activity with
inhibition zone 9 mm each and no other extracts exhibited any
activity under tested concentrations. The solvent DMF did not
show any activity.
riga.

(%) Color and consistency

Yellowish gum
Reddish gum
Reddish gum
Reddish semisolid
Reddish solid



Table 3 Antibacterial and antifungal activities of different extracts of M. suriga.

Extract/standard Average of inhibition zone diameter (mm)

Bacterial strains Fungal strains

E. coli S. aureus P. aeruginosa B. subtilis S. marcescens C. albicans C. neoformans

Petroleum ether 971.2 3271.5 – 2570.8 970.6 1170.3 2071.4
Chloroform 970.6 3170.5 – 2370.7 970.8 1270.4 1371.1
Ethyl acetate 970.5 2871.3 – 2370.5 – 1270.8 1671.2
Ethanol 971.3 3270.8 – 2071.2 – – 2271.2
Aqueous 1071.0 3371.4 1071.2 2470.6 – – 2370.8
CCSa 2371.4 – – 237 0.9 2270.7 NT NT
CTb 2370.7 1070.8 2370.3 NT 2370.8 NT NT
TCAc NT 1671.2 2370.5 1971.2 1971.3 NT NT
FZd NT NT NT NT NT 1070.5 4071.5

NT – Not tested.
aCCS – Clairo mono cefoperazone sublactum (75 mg/disc).
bCT – Cefoxitin (30 mg/disc).
cTCA – Ticarcilinclavulanic acid (85 mg/disc).
dFZ – Flucanazole (111 mg/mL).

Table 2 Preliminary phytochemical screening.

Phytochemical group Petroleum ether extract Chloroform extract Ethyl acetate extract Ethanol extract Aqueous extract

Flavonoids � þ þ þ þ
Carbohydrates � � � � �
Reducing sugars � � � � �
Cardiac glycosides þ þ þ þ þ
Saponins � � � þ þ
Tannins � � þ � �
Proteins � � � � þ
Alkaloids þ þ þ þ þ

þ: Present and � : not present.
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3.3. Antifungal activity

The antifungal activity of different extracts from root bark of
M. suriga is tabulated in Table 3. Only petroleum ether, ethyl
acetate and chloroform extracts of M. suriga showed a moderate
activity against the pathogenic fungus C. albicans with the
inhibition zone 11–12 mm. However, ethanolic and aqueous
extracts did not show any activity. On the other hand, all the
extracts showed a significant activity against the fungus C.
neoformans. The maximum zone of inhibition 2370.8 mm was
observed for aqueous extract, while minimum activity was found
for chloroform extract (1371.1 mm). From these results it can be
noted that extracts of M. suriga contain certain phytochemicals
which inhibit fungal metabolism.

3.4. Total reducing power

Reducing power of various extracts and their IC50 values are
represented in Figs. 2 and 3, respectively. In general, the lower the
IC50 value, the higher the antioxidant activity or the free radical
scavenging activity would be. From the results of antioxidant
testing of ethyl acetate, ethanolic and aqueous extracts of M.
suriga, it was observed that aqueous extract as well as ethanolic
extract exhibited a very good reducing capacity with low IC50
values of 111.5171.03 and 128.0071.01 μg/mL, respectively,
which were better than that of standard ascorbic acid that showed
an IC50 value 136.8070.46 μg/mL. However, ethyl acetate extract
displayed a moderate activity with an IC50 value 174.7770.32 μg/
mL. The observed higher reducing power of aqueous extract as
well as ethanolic extract is attributed to presence of various
chemical constituents including alkaloids and flavonoids.

3.5. DPPH radical scavenging

The radical scavenging activity and IC50 values of different
extracts of M. suriga are summarized in Figs. 4 and 5, respec-
tively. Normally, the higher % RSA and lower IC50 values indicate
a higher antioxidant activity. Among the eight different concen-
trations used in the study (20–1000 μg/mL), concentration of
1000 μg/mL showed the highest scavenging activity 99.10% and
98.10% in aqueous and ethanolic extracts, respectively, whereas
ascorbic acid at the same concentration showed 97.3%, which
were very close to each other (Fig. 4). Similarly, aqueous and
ethanolic extracts exhibited an excellent radical scavenging
activity with IC50 values 31.0570.92 and 33.2570.89 μg/mL,
respectively, showing even better antioxidant behavior when
compared to standard ascorbic acid (IC50¼75.3070.34 μg/mL).
On the other hand, ethyl acetate extract displayed very weak



Fig. 1 Petri dishes showing an antimicrobial activity with inhibition zones. (A) Staphylococcus aureus and (B) Bacillus subtilis.

Fig. 2 Total reducing power assay of extracts.

Fig. 3 IC50 values for different extracts in reducing power assay.

Fig. 4 DPPH scavenging assay of extracts.

Fig. 5 IC50 values for different extracts in DPPH radical scavenging
assay.
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Table 4 Major bands observed in the FT-IR spectra of various extracts.

Extract IR νmax (cm�1) (Vibration mode) Probable phytochemicals

Petroleum
ether

3322.8 (H-bonded O–H stretching; broad or –N–H stretching), 2966.4 (aldehydic
–C–H stretching), 2924.6 (–C–H stretching), 2668.0 (carboxylic acid –O–H
stretching), 1705.4 (aldehyde/ketone –C¼O stretching), 1668.0 (–C¼C–
stretching), 1590.5 (–NH bending), 1372.3 (–CH3 bending), 1228.3 (–C–H in-plane
bending), 1192.7 (amine C–N stretching), 1125.6 [–C–C(O)–C (acetate) ester
stretching]

Alkaloids, flavonoids, poly phenols,
carboxylic acid containing phytochemicals
etc.

Chloroform 3322.0 (H-bonded O–H stretching; broad or –N–H stretching), 2966.6 (aldehydic
–C–H stretching), 2924.7 (–C–H stretching), 2668.7 (carboxylic acid –O–H
stretching), 1708.5 (aldehyde/ketone –C¼O stretching), 1592.2(–NH bending),
1372.8 (alkane CH3 bending), 1192.8 ( amine C–N stretching)

Alkaloids, flavonoids, poly phenols etc.

Ethyl
acetate

3321.7 (H-bonded O–H stretching; broad or –N–H stretching), 2966.8 (aldehydic
–C–H stretching), 2925.1 ((–C–H stretching), 2668.6 (carboxylic acid –O–H
stretching), 1708.8 (aldehyde/ketone –C¼O stretching), 1592.7 (–NH bending),
1373.0 (alkane CH3 bending), 1192.6 (amine C–N stretching)

Alkaloids, flavonoids, poly phenols, tannins
etc.

Ethanol 3322.0 (H-bonded O–H stretching; broad or –N–H stretching), 2966.8 (aldehydic
–C–H stretching), 2924.0 (–C–H stretching) 2668.9 (carboxylic acid –O–H
stretching), 1706.6 (aldehyde/ketone –C¼O stretching), 1591.2 (–NH bending),
1372.7 (alkane CH3 bending), 1193.0 ( amine C–N stretching)

Alkaloids, flavonoids, poly phenols etc.

Aqueous 3260.2 (H-bonded O–H stretching; broad), 1606.3 [ alkene C¼C stretch
(conjugated)], 1518.6 (–NH bending), 1440 (carboxylic acid –OH bending)

Alkaloids, flavonoids, poly phenols etc.

Fig. 6 FT-IR spectrum of petroleum ether extract.

Fig. 7 FT-IR spectrum of aqueous extract.
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antioxidant behavior with an IC50 value 236.270.49 μg/mL. The
variation in the antioxidant activity among the extracts was
mainly attributed to presence of different extent of flavonoids and
alkaloids.
3.6. FT-IR spectral analysis

FT-IR spectral analysis data of various extracts revealed the
occurrence of multiple functional groups in them. Spectral data
of most of the extracts confirmed the presence of bioactive
functional groups such as –OH, 4NH, –CHO, –COOH and
–COOR. All extracts exhibited the presence of a broad peak for
hydrogen bonded –OH stretching in functional group region.
Important IR absorption frequencies are tabulated in Table 4 and
FT-IR spectra of a representative extract are shown in Figs. 6
(petroleum ether extract) and 7 (aqueous extract).

4. Discussion

4.1. Phytochemical screening

It is interesting to note that the extracts of M. suriga showed the
presence of flavonoids and alkaloids in abundant quantity. Several
flavonoid derivatives were reported to be effective antimicrobial
substances against different microorganisms. Their mode of activity
may be due to their ability to complex with extracellular and soluble
proteins as well as to complex with bacterial cell wall. The flavonoids
being more lipophilic may also disrupt microbial membranes. In
addition to being effective against bacteria, these compounds exhibit
inhibitory effects against viruses and parasites [23]. It has been well
established that flavonoids in nature are the potential antioxidants.
Quercetinm, a flavonoid that exists in numerous plants, possesses a
very good antioxidant activity and hence it is currently being used in
health food stores [24]. Another class of natural products, viz. alkaloids,
are complex heterocyclic nitrogenous compounds commonly found to
possess antimicrobial properties. They are quite useful against viral and
protozoan infections. In case of highly aromatic planar quaternary
alkaloids, their mechanism of action is due to their ability to intercalate
with DNA [23]. Saponins, which are amphipathic glycosides, may be
mono- or polydesmodic, depending on the number of attached sugar
moieties. These bio-active ingredients are commonly present in licorice
root (Glycyrrhizaglabra), and possess expectorant, bacteriostatic and
antiviral activities [25]. The ginsenosides are a class of natural saponins
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from Panax ginseng, and are believed to be responsible for immunos-
timulant and antinociceptive (pain-relieving) properties [26]. Similarly,
tannins are well-known for their antimicrobial and antioxidant activities
[27]. According to some reports, certain tannins are considered to be
potential cytotoxic and antineoplastic agents [28]. Against this back-
ground, our work onM. suriga proves to be quite interesting due to the
presence of all the above-mentioned important classes of bioactive
phytochemicals in the plant. Further, it provides scientific validation for
usage of the plant extracts in folk medicine in our region. The present
work on preliminary phytochemical screening of root bark ofM. suriga
certainly encourages future advanced research activities on chromato-
graphic isolation of these compounds in their pure state.

4.2. Antimicrobial assay

At present, there is a lot of scope and importance for development
of new antimicrobials in treatment of microbial infections. The
latest trend shows that the plant-based antimicrobial agents have
an enormous therapeutic potential since they do not show any
major side effects on human beings [29]. In our present work, the
root bark extracts of M. suriga showed a good antimicrobial
activity against two pathogenic bacteria, viz. S. aureus and B.
subtilis, and a fungus C. neoformans. Hence, it can be expected
that the plant possesses unique phytochemicals which are respon-
sible for inhibition of both bacterial and fungal metabolism.

4.3. Antioxidant assay

According to Halliwell et al. [30], an antioxidant is considered to be
"any substance that, when present at low concentrations compared to
that of an oxidizable substrate, significantly delays or inhibits
oxidation of that substrate". Generally, antioxidants present in the
body normally scavenge the free radicals produced and prevent the
damage caused by them. They can greatly reduce the harm due to
oxidants by the free radicals before they can attack the cells and
prevent damage to lipids, proteins, enzymes, carbohydrates and
DNA. In effect, an imbalance between antioxidants and reactive
oxygen species results in oxidative stress, leading to cellular damage
[31]. Such oxidative stress has been linked to aging and certain
neurodegenerative diseases like Parkinson’s disease, Alzheimer’s
disease, multiple sclerosis and amyolotrophic lateral sclerosis [32].
Hence, there is an urgent need to develop potent new antioxidants
which can effectively reduce the above-mentioned problems. Rathee
et al. [33] reported that methanol extract as well as water–ethanol
extract of M. longifolia bud showed an impressive antioxidant
activity via their ability to scavenge various biologically relevant
reactive oxygen species (ROS) and inhibit lipid peroxidation. In the
present work, aqueous and ethanolic extracts of root bark of M.
suriga showed a very good antioxidant activity, even better than that
of the standard reference ascorbic acid. It has been predicted that the
bioactivity of these extracts is due to their respective phenolics,
flavonoids and alkaloids contents. The observed lower IC50 values
of these extracts support the significance of M. suriga root bark
extracts as promising natural source of antioxidants and hence they
can be used in nutritional or pharmaceutical areas for the prevention
of free-radical-mediated diseases.

4.4. Functional group analysis

In any bio-organic molecule, its functional groups influence its
biological activity considerably as they contribute significantly to
their inherent acid–base properties, solubility, partition coefficient,
crystal structure, stereochemistry, and so on. All these properties
are supposed to influence the absorption, distribution, metabolic
extraction, and toxicity of bioactive molecules [34]. Hence,
functional group analysis plays a vital role in understanding the
overall physicochemical properties of the extract. Also, identifica-
tion of the functional group helps to evaluate their structure–
activity relationships. In the present work, FT-IR spectral analysis
of the root bark extracts of M. suriga showed the presence of
phytochemicals carrying hydrogen bonded –OH functional group.
It is well established that hydroxyl functionality is an integral part
of most of the phenolic phytochemicals such as flavonoids and
tannins. Recent studies show that several plant products, including
polyphenolic substances (e.g., flavonoids and tannins) and various
herbal extracts, show antioxidant [35–38] and anti-inflammatory
activities [38]. Our results indicate that the root bark extracts of
M. suriga contain various biologically active functional groups,
viz. alcoholic, ester, aldehydic etc., and hence we can confirm that
the plant possesses bioactive phytochemicals.
5. Conclusions

The present study revealed that the root bark extract of M. suriga
displayed strong antimicrobial and antioxidant activities. There-
fore, it suggests that root bark extracts of M. suriga are a potential
source of natural antimicrobial and antioxidant agents. It is hoped
that the present study would direct to the establishment of some
compounds that could be used to investigate new and more potent
antimicrobials and antioxidants of the plant origin. Further
research is needed to isolate and identify active molecules from
the crude extract and also to evaluate in detail in vivo biological
activities of such isolated compounds.
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