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Background: The plant Ulmus wallichiana Planch. is found in hills of Uttarakhand, India. Bark of
U. wallichiana is commonly used as traditional healer for bone fracture of animals as well as human
beings and also used as wound healer remedy.
Objective: The present study was designed to evaluate antimicrobial potential of various extracts of
U. wallichiana bark.
Materials and methods: Soxhlet extraction method was used for preparation of different extracts viz.
petroleum ether, chloroform, ethyl acetate, ethanol and aqueous. Antioxidant activity was determined by
DPPH and FRAP assay method. In vitro antimicrobial activity was evaluated using agar well diffusion
method.
Results: Ethyl acetate extract exhibited the highest significant antioxidant activity. Antibacterial activity
was performed against Escherichia coli, Bacillus subtilis, Staphylococcus aureus and Pseudomonas aerugi-
nosa. Amongst the various extracts tested, only ethyl acetate exhibited highest zone of inhibition as
compared to other extracts and greater than standard drug. Chloroform extract also showed moderate
zone of inhibition. Antifungal activity was evaluated against Aspergillus fumigates and Aspergillus flavus.
The ethyl acetate extract showed maximum zone of inhibition as compared to other extracts. Chloroform
extract showed mild antifungal activity. Chloramphenicol and nystatin were used as a positive control as
antibacterial and antifungal agent respectively. Furthermore, the highest percentage of phenolic and
flavonoid compounds was estimated in ethyl acetate extract.
Conclusion: The ethyl acetate extract of U. wallichiana showed the highest antimicrobial activity, and
should be further investigated for isolating active compound(s) responsible for antimicrobial activity.
© 2017 Transdisciplinary University, Bangalore and World Ayurveda Foundation. Publishing Services by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
1. Introduction

In the current scenario, there have been increasing antibiotic
resistant strains of clinically important pathogens, which have led
to the emergence of new bacterial strains that are multi-resistant
[1]. The non-availability and high cost of new generation antibi-
otics with limited effective span have resulted in increase in
morbidity and mortality [2]. Therefore, there is an urgent need to
look out for new substances from other sources with proven
antimicrobial activity. Consequently, this has led to the search for
more effective antimicrobial agents of plant origin, with the aim of
ary University, Bangalore.

lore and World Ayurveda Foundat
es/by-nc-nd/4.0/).
discovering potentially useful active phytoconstituents that can
serve as a source and template for the synthesis of new antimi-
crobial agents [3].

The plant Ulmus wallichiana Planch. (family: Ulmaceae) found in
westernHimalayan regions of India, is one of the richest emporiums
for medical taxa. Traditionally, U. wallichiana has been used in the
treatment of digestive tract diseases [4]. Bark of this tree is
commonly used for bone fracture healing of animals as well as
human beings as folk medicine in Uttarakhand (India) [5]. Bark
paste of the plant ismentioned in drugswith the potential ofwound
healing [6]. Other uses of the plant in public domain include treat-
ment of health related disorders with osteoporosis. Leaves are used
as fodder for sheep and goats in Jammu and Kashmir (India) [7].

Phytochemically, the plant U. wallichiana contains aliphatic hy-
drocarbon and triterpenes (Masoodi et al., 2013). Some other alle-
lopathic compounds identified are alnulin, betulin, caffic acid,
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http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:kundanresearch1381@gmail.com
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jaim.2017.02.009&domain=pdf
www.sciencedirect.com/science/journal/09759476
http://elsevier.com/locate/jaim
http://dx.doi.org/10.1016/j.jaim.2017.02.009
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://dx.doi.org/10.1016/j.jaim.2017.02.009
http://dx.doi.org/10.1016/j.jaim.2017.02.009


K.S. Bora et al. / Journal of Ayurveda and Integrative Medicine 9 (2018) 190e194 191
catechol, lupenol, ferulic acid, scopoletin and vanillin [8]. A flavonol
2S, 3S-Aromadendrin-6-C-b-D-glucopyranoside [9], ulmoside A, B
and Naringenin-6-C-beta-glucopyranoside are also reported in the
bark [10]. Despite a long history of use of U. wallichiana as a
traditional medicine for the treatment of various ailments, espe-
cially for it's wound healing property, the plant has never been
subjected to antimicrobial activity studies. Thus, it was considered
worthwhile to evaluate U. wallichiana for antimicrobial potential.

2. Material and methods

2.1. Plant material

The plant material (U. wallichiana) was collected from near,
Budhar, Budhakedar Nath Ghansali, Tehri Garhwal, Uttarakhand
(India). The plant was identified and authenticated at the herbari-
um of Botanical Survey of India, Dehradun (India) vide reference no.
BSI/NRC Tec/Herb (Ident.)/2016-17/455.

2.2. Preparation of extracts

The dried parts of the plantU. wallichiana (barks) were collected,
and then pulverized through a mechanical grinder. The powdered
material was dried in hot air oven at moderate temperature. The
powdered material was subjected to successive Soxhlet extraction
by solvent in increasing polarity viz. petroleum ether, chloroform,
ethyl acetate, methanol and then macerated with water. After that,
extract was concentrated and stored at 4 �C until further use in the
equipment.

2.3. Determination of total phenolic and flavonoid content

2.3.1. Determination of total phenolic content
One mg/ml of plant extracts were prepared in methanol and

then, diluted with 10 ml of distilled water. Then, 1.5 ml of Folin
Ciocalteu reagent was added and allowed to incubate at room
temperature for 5 min. 4 ml of 20% w/w sodium carbonate solution
was added in each test tube and then, further adjusted with
distilled water up to themark of 25ml, agitated and left to stand for
30 min at room temperature. Absorbance of test samples was
measured at 765 nm using spectrophotometer against blank
(distilled water) [11].

The phenolic content was calculated with the help of standard
curve equation and the formula is given below (Ayurvedic phar-
macopeia of India, 2008).

Total phenolic contentð% w=wÞ ¼ GAE� V� D� 10�6

w
� 100

where

GAE e Gallic acid equivalent (micro gram/ml)
V e Total volume of sample (ml)
D e Dilution factor
W e Sample weight (gm)
Table 1
Yield of various extracts of U. wallichiana.

S. no. Extract Yield (% w/w)

1 Petroleum ether 3.8
2 Chloroform 3.56
3 Ethyl acetate 4.40
4 Ethanol 5.0
5 Water 4.90
2.3.2. Determination of total flavonoid content
The total flavonoid content of all extracts of U. wallichiana was

estimated according to the aluminum chloride method as follows:
Aliquots of extracts 1 mg/ml solution was taken and the diluted
standard solution (0.5 ml) was separately mixed with 1.5 ml of
methanol (95%), 0.1 ml of aluminum chloride (10%), 0.1 ml of 1 M
(potassium acetate) and 2.8 ml of distilled water. Absorbance at
415 nm was recorded after 30 min of incubation against blank
(distilled water). The concentration of flavonoid in the test samples
was calculated and expressed as mg quercetin equivalent/g of
sample [12].

The total flavonoid content was expressed in milligrams of rutin
equivalent per gram of extracts.

Percentage of total flavonoid content calculated in mg/g as:

Total flavonoid contentð%w=wÞ ¼ RE� V� D� 10�6

w
� 100

where

RE e Rutin equivalent (micro gram/ml)
V e Total volume of sample (ml)
D e Dilution factor
W e Sample weight (gm)
2.4. Antioxidant activity

2.4.1. DPPH assay
Free radical scavenging activity was measured by the spectro-

photometric method. Stock solution of DPPH (2, 2 di-phenyl 1-
picryl hydrazyl) (15 mg in 10 ml methanol) was prepared such that
75 ml of it in 3 ml of methanol gave an initial absorbance of 0.9.
Decrease in the absorbance in presence of sample extract at
different concentration (0.2, 0.4, 0.6, 0.8 and 1 ml) was noted after
15 min. IC50 was calculated from % inhibition [13].
2.4.1.1. Protocol for DPPH free radical scavenging activity

1. Preparation of stock solution of test sample: 100 mg test sample
was dissolved in 100 ml methanol to get 1000 mg/ml solution.

2. Dilution of test solution: 1, 2, 3, 4 and 5 stock were taken and
diluted up to 10 ml methanol to get 200, 400, 600, 800 and
1000 mg/ml solution.

3. Preparation of DPPH solution: 15 mg of DPPH was dissolved in
10 ml of methanol. The resulting solution was covered with
aluminum foil to protect from light.

4. Estimation of DPPH scavenging activity:
a) 75 ml of DPPH solution was taken and the final volume was

adjusted to 3 ml with methanol, absorbance was taken
immediately at 517 nm for control reading.

b) 75 ml of DPPH solution and 50 ml of the test sample of
different concentrations were put in a series of volumetric
flasks and final volume was adjusted to 3 ml with methanol.

c) Absorbance at zero time was taken in UVevisible at 517 nm
for each concentration.

d) Final decrease in absorbance of DPPH with sample of
different concentrations was measured after 30 min at
517 nm.

e) 75 ml of DPPH and 50 ml of methanol were used as a negative
control and single methanol blank.



Table 2
Total phenolic and flavonoid content in different extracts of U. wallichiana.

S. no. Plant extracts % Total phenolic
content (mg/g)

% Total flavonoid
content (mg/g)

1. Ethyl acetate extract 12.835% 7.895%
2. Chloroform extract 7.102% 2.977%

Fig. 2. DPPH scavenging activity after (00 min). Absorbance mean l
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f) Percentage inhibitions of DPPH radical by test compound
were determined by the following formula:

% Reduction ¼ Control absorbance� Test substance
Control substance

� 100
max ¼ 517 nm.
g) The determined percentage inhibitions were used against
the concentration of the sample to build a regression fit.

h) Calculation of IC50 value: Determined with the help of
regressed line equation.

2.4.2. FRAP assay
The total antioxidant potential was determined using the

ferric reducing antioxidant power (FRAP) assay according to the
method of Benzie and Strain [14] with slight modification. The
assay was based on the reducing power of a compound (anti-
oxidant). Briefly, 200 ml extracted samples were mixed with
FRAP reagent (3 ml) in test tubes and were vortexed. Blank
samples were prepared for all samples of extracts. Both samples
and blank were incubated in water bath for 30 min at 37 �C and,
absorbance of the samples was determined against blank at
593 nm. A series of stock solution at 50, 100, 200, 400 and
800 mg/ml were prepared (r2 ¼ 0.9912) using ascorbic acid as
standard curve. The values obtained were expressed as mg of
ascorbic acid equivalent per gram of freeze dried sample.
Increased absorbance of the reaction mixture correlates with
greater reducing power.

2.5. Antimicrobial activity [15]

2.5.1. Agar well diffusion method

2.5.1.1. Preparation of agar media. Nine and half g Mueller-Hinton
agar (MHA) was suspended in a 500 ml conical flask and 250 ml
distilled water was added. Then, it was heated on hot plate with
frequent agitation until it completely dissolved. Then, media was
sterilized in an autoclave at 121 �C for 1 h.
Fig. 1. DPPH scavenging activity after (30 min). Absorbance mean l max ¼ 517 nm.
2.5.1.2. Procedure. Twenty five ml of MHA was poured into a
sterile Petri dish and allowed to solidify. Fifty ml of bacterial
inoculums were spread on the solidified MHA media using
sterile spreader. In each of these plates two wells (5 mm
diameter) were punched into the agar using sterile cork borer.
Then, working concentration of 100 mg, 150 mg, 200 mg and
250 mg dilutions were prepared from 500 mg/ml of stock so-
lution of each extracts and 150 ml of each extract was separately
added into wells and allowed to diffuse at room temperature.
Equal volume of alcohol was used as a negative control, and
chloramphenicol and nystatin were used as a positive control as
antibacterial and antifungal agent respectively. Plates were
incubated for 24 h at 37 �C and the diameter (mm) of clear zone
of inhibition was recorded and measure with the help of radius
scale.

2.6. Statistical analysis

In the present study all assays were performed in triplicate, and
the results were calculated as the mean ± SD. The statistical sig-
nificance between phenolic content and antioxidant activity values
of the extracts was carried out using the Excel program. p � 0.05
was considered statistically significant.
Fig. 3. Antioxidant activity of different extract of U. wallichiana by FRAP assay method
at 593 nm.



Table 3
Antibacterial activity of various extracts of U. wallichiana.

S. no. Plant extract Concentration
(mg/ml)

Zone of inhibition (in mm)

Escherichia
coli

Bacillus
subtilis

Pseudomonas
aeruginosa

Staphylococcus
aureus

Aspergillus
fumigates

Aspergillus
flavus

1 Ethyl acetate 25 nd nd nd nd nd nd
50 10 16 10 11 7 mm 6 mm
100 31 mm 55 mm 32 34 22 mm 15 mm

2 Chloroform 25 nd nd nd nd nd nd
50 8 mm 5 mm 2 mm 2 mm nd 4
100 25 mm 18 14 15 4 mm 11 mm

3 Ethanol 25 nd nd nd nd nd nd
50 nd nd nd nd nd nd
100 nd nd nd nd nd nd

4 Water 25 nd nd nd nd nd nd
50 nd nd nd nd nd nd
100 15 mm nd nd nd nd nd

nd ¼ not detectable.
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3. Results

3.1. Yield of extracts

Yield of various extracts of U. wallichiana using different solvent
in increasing polarity are presented in Table 1.

3.2. Standardization of plant extract

3.2.1. Estimation of total phenolic and flavonoid content of
U. wallichiana

Estimated percentage of total phenolic and flavonoid content of
methanol and chloroform extract of U. wallichiana are reported in
Table 2.

3.3. Determination of antioxidant activity of different extracts of
U. wallichiana

Results of DPPH scavenging activity of different extracts after
30min and after 00min are shown in Figs.1 and 2. Findings of FRAP
assay are reported in Fig. 3.

3.4. In-vitro antimicrobial activity of different extracts of
U. wallichiana

Measurement of zone of inhibition of various extracts and
standard drugs are presented in Table 3.

4. Discussion

Many naturally occurring compounds found in plants, herbs and
spices have been shown to possess antimicrobial activity and serve
as a source of antimicrobial agents against pathogens [16]. Many
Table 4
Antimicrobial activity of control/standard drugs and solvents.

S. no. Stain Standard drug/solvent
Zone of inhibition (diameter in mm)

Standard antibacterial (Chloramphenicol)

1 Escherichia coli 25 mm
2 Bacillus subtilis 34 mm
3 Pseudomonas aeruginosa 24 mm
4 Staphylococcus aureus 25 mm
5 Aspergillus fumigates e

6 Aspergillus flavus e

nd ¼ not detectable, Concentration of standard drugs chloramphenicol and nystatin was
infectious diseases represent an important cause of morbidity and
mortality worldwide. Therefore, the development of new antimi-
crobial agents for the treatment of microbial infections is of
increasing interest. The main objective of the present study was to
evaluate the ability of the U. wallichiana bark extract to inhibit the
growth of pathogenic bacteria and fungus with and without
antibiotics and non-antibiotic drugs. The present study was
emphasized on evaluation of antioxidant and antimicrobial po-
tential of U. wallichiana.

It has been reported that chemical constituents of the plants like
flavonoids and phenolic compounds possess a variety of activities
including antimicrobial activity. In the present study, phenolic and
flavonoid contents of ethyl acetate and chloroform extract of
U. wallichiana were identified and quantified. Antioxidant activity
was determined by DPPH and FRAP assay method. Ethyl acetate
extract showed better antioxidant activity as compared to other
extracts (Figs. 1e3).

In vitro antimicrobial activity of U. wallichiana was evaluated
using agar well diffusion method. Antibacterial activity was per-
formed against Escherichia coli, Bacillus subtilis, Staphylococcus
aureus and Pseudomonas aeruginosa. Ethyl acetate extract showed
better zone of inhibition as compared to all other extracts. Chlo-
roform extract exhibited moderate zone of inhibition. Ethyl ace-
tate extract showed greater zone of inhibition as compared to
standard drug chloramphenicol (Table 3). Antifungal activity was
evaluated against Aspergillus fumigates and Aspergillus flavus.
Again, amongst all extracts tested, ethyl acetate showed
maximum zone of inhibition as compared to other extracts.
Chloroform extract showed mild antifungal activity (Table 3).
Standard drugs chloramphenicol and nystatin were used as a
positive control as antibacterial and antifungal agent respectively
while solvents which were used for extraction were used as
negative control (Table 4).
Standard antifungal (Nystatin) Ethyl acetate Chloroform Ethanol

e 5 5 6
e 6 5 5
e 5 5 5
e 2 4 2
34 mm 8 5 nd
20 mm 6 6 nd

taken 50 mg/ml.
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5. Conclusion

In the present study, the ethyl acetate extract of the plant
exhibited significant antimicrobial activity, better than standard
drug. Phytochemical screening of ethyl acetate extract indicated the
presence of mainly phenolic and flavonoid compounds. These
active constituents could be responsible for antimicrobial activity of
U. wallichiana. Furthermore, the total phenols and flavonoids were
also estimated in this bioactive extract of the plant. Based on the
findings of this study future prospects of the current investigations
suggested that ethyl acetate extract of the plant should be further
analyzed to isolate the specific antimicrobial principle(s) present in
the plant.

Source of funding

The funding source was Sardar Bhagwan Singh PG Institute of
Biomedical Sciences and Research.

Conflict of interest

None.

Acknowledgement

Authors acknowledge the support of Sardar Bhagwan Singh PG
Institute of Biomedical Sciences and Research, Dehradun.

References

[1] Aibinu I, Adenipekun E, Odugbemi T. Emergence of quinolone resistance
amongst Escherichia coli strains isolated from clinical infections in some Lagos
state hospitals in Nigeria. Nig J Health Biomed Sci 2004;3:73e8.
[2] World Health Organization. Essentials drug monitor. Antimicrob Resist Glob
Threat 2000;28e29:1e36.

[3] Moreillion P, Que YA, Glauser MP. Staphylococcus aureus (including Staph-
yloccal toxic shock). In: Mandell GL, Bennett JE, Dolin R, editors. Principles and
practice of infectious diseases. 6th ed. Published by Churchill Livingstone
Pennyslyvania; 2005. p. 2333e9.

[4] Mohamad N, Amaleena, Jusoh NA, Htike ZZ, Win SL. Bacteria identification
from microscopic morphology: a survey. Int J Soft Comput 2014;3(2):1e2.

[5] Sharma C, Rajendar K, Kumari T, Arya KR. Indian traditional therapies and bio-
prospecting: their role in drug development research. Int J Pharma Sci Res
2014;5(3):730e41.

[6] Reddy G, Avinash K, Priyanka B, Saranya CS, Kumar CK, Ashok. Wound
healing potential of Indian medicinal plants. Int J Pharm Rev Res 2012;2(2):
75e87.

[7] Rashid A, Sharma A. Exploration of economically important fodder plants of
District Rajouri e Jammu and Kashmir State. Int J Life Sci Pharma Res
2012;2(4):L148.

[8] Masoodi TH, Islam MA, Wani MA, Mir SA, Gangoo SA. Allelopathic effect of
Populus deltoides and Ulmus wallichiana on biochemical constituents of maize,
bean and sunflower. Karnataka J Agri Sci 2013;26(2):265e7.

[9] Swarnkar G1, Sharan K, Siddiqui JA, Chakravarti B, Rawat P, Kumar M, et al.
A novel flavonoid isolated from the steam-bark of Ulmus wallichiana Planchon
stimulates osteoblast function and inhibits osteoclast and adipocyte differ-
entiation. Eur J Pharmacol 2011;658:65e73.

[10] Rawat P, Kumar M, Sharan K, Chattopadhyay N, Maurya R. Ulmosides A and B:
flavonoid 6C glycosides from Ulmus wallichiana, stimulating osteoblast dif-
ferentiation assessed by alkaline phosphatise. J Bio-org Med Chem
2009;19(4):4684e7.

[11] Ayurvedic Pharmacopoeia of India. Government of India, Ministry of Health
and Family Welfare, AYUSH, New Delhi, 2008; 2 (1), vol. II, 263, 167.

[12] Mervat MM, Hanan El, Far Taie AA. Antioxidant activities, total anthrocynins,
phenolics and flavonoids contents of some sweet potato genotypes under
stress of different concentrations of sucrose and sorbitol. Aus J Basic Appl Sci
2009;3(4):3609e16.

[13] Patel RM, Patel NJ. In vitro antioxidant activity of coumarin compounds by
DPPH, super oxide and nitric oxide free radical scavenging methods. J Adv
Pharm Edu Res 2011;1:52e68.

[14] Benzie IFF, Strain JJ. The ferric reducing ability of plasma (FRAP) as a measure
of “antioxidant power”, the FRAP assay. Anal Biochem 1996;239:70e6.

[15] Natarajan D, Shivakumar MS, Srinivasan R. Antibacterial activity of leaf ex-
tracts of Biophytum sesitivum (L) DC. J Pharm Sci Res 2010;2:717e20.

[16] Deans G, Ritchie A. Antimicrobial properties of essential oils. Int J Food
Microbiol 1987;5:165e80.

http://refhub.elsevier.com/S0975-9476(16)30497-1/sref1
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref1
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref1
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref1
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref2
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref2
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref2
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref2
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref3
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref3
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref3
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref3
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref3
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref4
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref4
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref4
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref5
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref5
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref5
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref5
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref6
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref6
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref6
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref6
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref7
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref7
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref7
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref7
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref8
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref8
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref8
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref8
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref9
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref9
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref9
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref9
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref9
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref10
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref10
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref10
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref10
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref10
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref12
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref12
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref12
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref12
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref12
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref13
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref13
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref13
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref13
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref14
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref14
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref14
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref15
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref15
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref15
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref16
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref16
http://refhub.elsevier.com/S0975-9476(16)30497-1/sref16

	Evaluation of antimicrobial potential of successive extracts of Ulmus wallichiana Planch
	1. Introduction
	2. Material and methods
	2.1. Plant material
	2.2. Preparation of extracts
	2.3. Determination of total phenolic and flavonoid content
	2.3.1. Determination of total phenolic content
	2.3.2. Determination of total flavonoid content

	2.4. Antioxidant activity
	2.4.1. DPPH assay
	2.4.1.1. Protocol for DPPH free radical scavenging activity

	2.4.2. FRAP assay

	2.5. Antimicrobial activity [15]
	2.5.1. Agar well diffusion method
	2.5.1.1. Preparation of agar media
	2.5.1.2. Procedure


	2.6. Statistical analysis

	3. Results
	3.1. Yield of extracts
	3.2. Standardization of plant extract
	3.2.1. Estimation of total phenolic and flavonoid content of U. wallichiana

	3.3. Determination of antioxidant activity of different extracts of U. wallichiana
	3.4. In-vitro antimicrobial activity of different extracts of U. wallichiana

	4. Discussion
	5. Conclusion
	Source of funding
	Conflict of interest
	Acknowledgement
	References


