A R l ISSN: 2738-9553
I aaTnEl December 2023, Vol. 4, Issue 1, 11-20 RESEARCH ARTICLE

Antimicrobial, Antioxidant Activities, Phytochemical
Evaluation and GC-MS Profiling of Madhuca longifolia Bark
Extracts

Kusum Maiya Dhoubhadel’, Shyam Bom?, Krishna Pokherel’, Meena Rajbhandari®*
'Department of Chemistry, Amrit Campus

’Department of Chemistry, Tri-Chandra Campus

3Research Center for Applied Science and Technology, Tribhuvan University, Kathmandu

*E-mail: karmacharyameena@gmail.com
(Received: May 25, 2023, Received in revised form: November 23, 2023, Accepted: December 9, 2023, Available Online)
DOI: https://doi.org/10.3126/arj.v4il.61183

Highlights

« Different extracts of bark of Madhuca longifolia were prepared.

*  Phytochemical screening, phenolics, flavonoids, tannins and sugars content as well as antibacterial and antioxidant
activities were evaluated

*  Hexane extract was analyzed by gas chromatography mass spectrometry, GCMS

e Greater amounts of phenolics, flavonoids, tannins and sugars were detected in methanol extract and showed potent free
radical scavenging activity with DPPH

»  Ethyl acetate, methanol and methanol-water extracts showed antibacterial activity

e Squalene, B-amyron, B-amyrin acetate, lupeol, lupeol acetate were identified by GCMS

Abstract

Madhuca longifolia, locally known as Mahua is a large to medium sized tree grows in Tarai region of Nepal. It is a medicinal
plant of high economic value. Almost all parts of the plant are used by the indigenous people tocure various diseases.The bark
is used to treat diabetes, cuts, wounds, itching and bleeding gums. Thescientific reportsaboutthe phytochemical analysis on the
bark of M. longifolia is very limited. Here we report about the extraction based on solvent polarities, chemical screening of
extracts, estimation of phenolics, flavonoids, gallotannins, condensed tannins and sugars in different extracts, their antioxidant
and antibacterial activities as well as GC-MS profiling of hexane extract. In our findings, ethyl acetate, methanol and 50%
aqueous methanol extracts showed the presence of most of the phytochemicals like terpenoids, phenolics, flavonoids, tannins and
glycosides. The greater amountsof phenolics (196+15.28 mg gallic acid equivalent, GAE/g extract), flavonoids (975+13.31 mg
catechin equivalent, CE/g extract), condensed tannins (980+10.75 CE/g extract)and sugars (126+8.83 mg glucose equivalent,
GE/g extract) were detected in the methanol extract,greater amounts ofgallotannins were detected in the ethyl acetate extract
(126+8.83 mg tannic acid equivalebt, TAE/g extract). In DPPH radical scavenging assay, methanol extract showedstrong radical
scavenging activity with an IC, value of 18.86% 1.07ug/mL. In antibacterial assay,ethyl acetate, methanol and 50% aqueous
methanol extracts showed activity against S. aureusand E. coli with the inhibition zone ranged from 15-22 mm. GC-MS analysis
of hexane extract showed the presence of more than nine compounds and squalene, p-amyron, f-amyrin acetate, lupeol, lupeol
acetate and cis-3,14-Clerodadien-13-ol were tentatively identified by comparing mass fragmentation patterns with the standard
NIST database. The finding of this study indicated that M. longifolia bark extracts can be used as a natural source of antioxidant,
antibacterials and anti-inflammatory agents and supports its traditional use.
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Introduction

Plants and plant-based products are an integrated part of most of the traditional and alternative systems of medicines worldwide.
Such medicines may lead to the discovery and development of cost effective new drugs with enhanced performance [1]. Madhuca
longifolia (J. konig) J.F. Macbr (synonmy: Madhuca indica, Bassia longifolia, Sapotaceae family) is very important medicinal
plant, all plant parts are used to cure various diseases. It iscommonly known as English butter tree or honey tree and locally
known as Mauwa. It is a large tree growing widely in dry tropical and sub tropical regions. The flowers are edible and it has good
nutritional value. Seeds are the source of fat, commonly known as Mahua butter. Traditionally, bark has many medicinal values,
it is used to treat ulcers, theumatism, tonsillitis, decoction is used to treat diabetes, powder is used in itching and bleeding gums
[2] and paste is applied externally to treat cuts, wounds and bleeding [3]. Several pharmacological potentials of bark extracts
have been reported such as anti-hyperglycemic[4,5] anti-inflammatory, analgesic and anti-pyretic [6,7], anti-ulcer [8]. In our
previous finding, the ethyl acetate extract of the bark showed immunomodulatory properties [9] and we have isolated flavan-3-
ols with antibacterial and antidiabetic activites [10]. Some phytoconstituents like triterpenoids, saponins, steroids, flavonoids and
their glycosides, tannins have been isolated from the bark [11,12].

The search for new natural antioxidant and antimicrobial agents from plants remains a potential area of investigation.This can
be done by conducting phytochemical analysis.Therefore, the present study was carried out to estimate the total content of
phenolics, flavonoids, tannins and sugars in different extracts, their antioxidant and antibacterial activities and GC-MS profiling
of hexane extract. To the best of our knowledge, this is the first systematic investigation of the bark extracts of M. longifolia.

Materials and methods

Plant materials

The bark of M. longifolia was collected from Kailali district of western Nepal. It was identified by comparison with the herbarium
species deposited at Central Department of Botany, Tribhuvan University. The voucher specimen (SB-19-MR) was deposited
at Research Center for Applied Science and Technology, RECAST, Tribhuvan University. The collected plant materials were
washed properly, chopped into pieces and shade dried. The dried samples were ground to fine powder and stored in air tight
plastic bags.

Extraction

About 80 g of the sample was extracted first with 300 ml hexane in a Soxhlet apparatus. The extraction process was continued for
6-7 hours. The residue was then allowed to dry and extracted with 300 ml dichloromethane, followed by 200 ml of ethylacetate
and finally by 200 ml of methanol. The remaining residue was then refluxed with 100 ml of aqueous methanol (1:1) for 1 hour,
allowed to cool and filtered. Then the solvents were evaporated separately using rotary evaporator under reduced pressure. The
extracts were kept in the fridge which was used for further analysis.

Phytochemical screening
The method described by Culie [13] was adopted for the phytochemical screening.The extracts were reacted with different
reagents and visible colors were noted.

Total phenolic content

By using Folin-Ciocalteu reagent, the total phenolic content in different extracts was quantified. Calibration curve was constructed
by using different concentrations of gallic acid. Total phenolic content is represented as milligrams gallic acid equivalent per
gram dry extract [14].

Total flavonoids content

By using aluminium chloride colorimetric assay, the total flavonoids content in different extract was quantified. Calibration
curve was constructed using different concentrations of catechin. Total flavonoid content is represented as milligrams catechin
equivalent per gram dry extract [15].
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Total gallotannins content

By using Folin-Ciocalteu method, the total tannins content in different extracts was quantified. Calibration curve was constructed
using different concentrations of tannic acid. Total tannin content is represented as milligrams tannic acid equivalent per gram
dry extract [16].

Total condensed tannins content

By using vanilin-HCI colorimetric method, the total condensed tannins content in different extracts was quantified. Calibration
curve was constructed using different concentrations of catechin. Total condensed tannin content is represented as milligrams
catechin equivalent per gram dry extract [16].

Total sugars content
By using anthrone reagent, the total carbohydrate/sugar content in different extracts was quantified. Calibration curve was
constructed using different concentrations of D-glucose. Total sugar content was represented as milligrams glucose equivalent
per gram dry extract [17].

Antioxidant activity using DPPH

DPPH free radical was used to determine the antioxidant activity of extracts [18]. DPPH solution (2.5 ml, 0.10 mM in methanol)
and plant extracts (0.5 ml) of different concentrations were mixed together. A control was prepared by mixing 2.5 ml DPPH
solution and 0.5 ml methanol instead of extracts. The resulting solutions were incubated by keeping in the dark room for 30
min. Then the absorbance was recorded at 517 nm against methanol. The percentage of DPPH radical scavenging activity was
calculated using the equation I, where Ac represents the absorbance of control and As represents the absorbance of sample.
IC, values is defined as the concentration of the sample that scavenges 50% of DPPH radical.

4245 % 100 [1]
Ac

% of radical scavenging =

Antimicrobial assay

For antimicrobial assay, one Gram positive bacteria Staphylococcus aureus(ATCC 25923) and one Gram negative bacteria
Escherichia coli (ATCC 25922) were selected. Agar well diffusion method was adopted to determine the antibacterial activity
[19]. The extracts were prepared in two different concentrations in 50% DMSO, 100 and 200 mg/ml. 50 pl extract of each
concentration was introduced into agar well of 6 mm diameter so each well contain 5 mg and 10 mg extract respectively.
Chloramphenicol was used as a positive control and 50 pl of 50% DMSO was used as a negative control. The plats were
incubated for 18 hours. After that, growth inhibition of bacterial around the wells in the presence of different extracts, standard
antibiotic and 50% DMSO were visualized. The inhibition zones were measured.

GC-MS Analysis

The hexane extract was analyzed by an analytical GC-MS. The instrument used was JEOL AccuTOF GCX Time of Flight Mass-
spectrometer. It was fitted with Agilent 7693 A type GC injector and a ZB-5MS plus capillary column (28.9 m x 0.25 mm i.d.,
film thickness 0.25 um). For GC analysis, the ion chamber temperature was maintained at 250 °C, GC interface temperature and
inlet temperature was kept at 300 °C. The initial oven temperature was maintained at 120 °C with a hold time of 30 seconds.
During analysis, the temperature was programmed so that the oven temperature was gradually increased to 320 °C at a rate of 25
°C/minute with hold time of 10 minutes. The maximum oven temperature was maintained at 325 °C and kept at final temperature
for 5 minutes. The diluted sample was injected at 300 °C in the split less mode. Helium was used as a carrier gas. Flow rate
was maintained at 1.2 ml/min. Mass spectrometer was operated in electron impact mode with an ionization energy of 70 eV.
Full scan mass spectra were acquired from 25-600 amu. The total run time was 18.5 minutes. The detected compounds in the
gas chromatogram were identified by processing the raw GC-MS data with MSAxel software (Version 1.1.6.17127 Copyright
2014-2015 JEOL Ltd.). The obtained MS spectral data were compared with the mass spectral database of the National Institute
of Standard and Technology, NIST mass spectral library 2.2. The compounds were identified based on fragmentation patterns.
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Results and Discussion

Extractive values in different solvents

Different amounts of extracts were obtained by using solvents of different polarities which is presented in Table 1. 50% aqueous
methanol provided the highest amount of extract (8.10 g) while ethyl acetate provided the lowest amount of extract (1.02 g). The
yield generally depends on the type of solvents used. On the other hand, extraction time, temperature and physical nature of the
sample also play some role [20].

Phytochemical screening

Screening of phytochemicals present in plant extracts provides general information about different classes of bioactive
compounds. The results of the phytochemical screening of different extracts of bark of M. longifolia are shown in Table 1.
Except terpenoids, all the tested phytochemicals were absent in hexane and dichloromethane extracts. In general, non-polar
solvents extracts non polar compounds like fatty acids, hydrocarbons and terpenoides. However, in ethyl acetate, methanol and
50% aq. methanol extracts, all the tested phytochemicals like alkaloids, phenolics, flavonoids, gallo and condensed tannins were
present. This indicated that the bark extracts are good source of various classes of polar to highly polar secondary metabolites.
These compounds are known to exhibit wide range of biological activities.

Table 1. Yield of extracts from 80 g of bark and phytochemical screening of B. longifolia extracts

Extracts Hexane CH,CI, EtOAc MeOH 50% aq. MeOH

Yields in gram  5.76 3.95 1.02 7.53 8.10
Alkaloids - -
Terpenoids + +
Flavonoids - -
Phenolics - -
Glycosides - -
R.Sugars - -
Saponins - -

Tannins - -

o+ + + + + + o+
+ o+ + o+ + o+ + o+
+ o+ + + + + o+ +

Quinones - -

Total phenolic content

Plant phenols are one of the common natural products, found in wide range of plant based foods. They have beneficial effects
on human health. They lowered the risks of many diseases of heart, nervous system and many others originated due to oxidative
stress [21, 22]. Regression equation of calibration curve (Y = 0.013x, R2= 0.999) was used to calculate the phenolics content in
plant extracts. It was written as mg of GAE per gram of dry extract. The TPC values ranged from 64.0 mg GAE/g dry extract in
50% aq. methanol extract to196.0 mg GAE/g dry extract in methanol extract. The results are shown in Table 2. The total phenolic
content in flower, fruit, leaf and bark of M. longifolia were reported. All the plant parts contained relatively low amounts of
phenolics [23, 24, 25] than our sample. The Folin-Ciocalteu method gives a general measurement of phenolic content. It is not
specific for all phenolic compounds [26].

Total flavonoid content

Flavonoids are a group of low-molecular-weight polyphenolic compounds found in a wide variety of plant-based foods. They
possess diverse biological activities. Regression equation of calibration curve (Y =0.004xR?=0.995) was used to calculate the
flavonoids content in plant extracts. It is written as mg catechin equivalent (CE) per gram of dry extract. The total flavonoid
content ranged from 220.0 mg CE/g dry extract in 50% aq. methanol extract to 975.0 mg CE/g dry extract in methanol extract.
The total flavonoid content of different extracts is shown in Table 2. The total flavonoid content in methanol extract of bark
(368.16 mg QE/g extract) has been reported [25] which is lower than our finding. In our case, we have used catechin as the
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standard but in the literature, quercetin was used as the standard. It could be the reason for the difference in flavonoid content in
two experiments. Again we found that the total flavonoid content is greater than total phenolic content. This is in agreement with
the literature data [25].

Table 2. Total phenolic, flavonoid, tannin and sugar content and antioxidant activity

Extracts EtOAc MeOH 50% aq. MeOH

Total phenolic content (mg GAE/g
dry extract (Mean + S.D) (n=3)

81.00 £ 6.22 196.00 £ 15.28  64.00 + 5.68

Total flavonoids content (mg

490.00+25.72  975.00+13.31  220.00+17.29
CE/g extract) (Mean = S.D) (n=3)

Total condensed tannin content (mg

460.00+15.30  980.00+10.75  198.00+13.31
CE/g extract) (Mean = S.D) (n=3)

Total gallotannins content (mg
TAE/g extract )(Mean + S.D)(n=3)

189.00+£10.24  145.00£20.40  163.00+21.48

Total sugar content (mg GE/g
extract) (Mean + S.D)(n=2)

IC,, ng/ml against DPPH free radical 37.17+1.86 18.86+1.07 29.13£1.69
assay(Mean + S.D)(n=2)

66.00+10.70 126.00+8.83 70.00+10.65

Total condensed tannin content

Condensed tannins are polymers of flavan-3-ol. They are present in many plants as bioactive principle [27, 28]. Regression
equation of calibration curve (Y = 0.0028x+0.035, R* = 0.962) was used to calculate the tannins content in plant extracts. It is
written as mg catechin equivalent (CE) per gram dry extract. The total condensed tannin content in different extracts ranged from
198.0 mg CE/g dry extract in 50% aq. methanol extract to 980.0 mg CE/g dry extract in methanol extract.The results are shown in
the Table 2.The high content of condensed tannin indicated that almost all flavonoids present in methanol extract are condensed
tannin. In our previous work, we have estimated tannin content using FC reagent and found that the methanol extract of bark
contained 42.2% tannins [10]. Here, we used vanillin reagent assay that is largely specific for condensed tannins. The reaction
with vanillin takes place at 6 or 8 position of A ring of any proanthocyanidine. Vanillin condensed with proanthocyanidine in
the presence of mineral acid to give a pink colored complex that absorbed at 500 nm [29]. However, the results obtained with
colourimetric methods are highly empirical.

Total gallotannin content

Gallo tannins are common in many plant families. They also have wide range of biological properties [30]. Regression equation
of calibration curve (R?= 0.998) was used to calculate the tannins content in plant extracts. It is written as mg tannic acid
equivalent (TAE) per gram dry extract. The total gallo tannin content in different extracts ranged from 145.0 mg TAE/g dry
extract in methanol extract to 189.0 mg TAE/g dry extract in ethyl acetate extract.The results are shown in the Table 2.

Total carbohydrate/sugar content

Plants are an important source of carbohydrates. In addition to provide calorie, they have many biological functions [31, 32, 33].
So their estimation is vital. A colorimetric assay using anthrone was used to determine the total sugar content in plant extracts.
Plant extracts were first hydrolysed with dilute hydrochloric acid. In hot acidic medium, glucose is dehydrated to hydroxymethyl
furfural. An enol form of anthrone, anthronale then reacts with hydroxymethyl furfural and forms a green coloured product.
The absorbance was measured at 630 nm against blank. Regression equation of calibration curve () was used to calculate the total
sugar content. It was written as mg glucose equivalent (GE) per gram of dry extract. The total sugar content ranged from 66.0
mg GE/g dry extract in ethyl acetate extract to 126.0 mg GE/g dry extract in methanol extract which are presented in Table 2.
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DPPH free radical scavenging activity

Phenolics are powerful antioxidants. They are more potent antioxidants than Vitamin C, E and carotenoids [34, 35]. Antioxidants
generally scavenging free radicals and reduce oxidative stress. Oxidative stress is an imbalanced condition which is responsible
for development of chronic diseases [36]. The antioxidant activity of plant extracts is determined by using a stable DPPH free
radical. In DPPH assay, in the presence of hydrogen donor, DPPH is reduced and violet color of DPPH is changed to pale
yellow. In DPPH radical scavenging assay, methanol extracts showed the lowest IC, values (18.86+ 1.07 ug/ml) and the ethyl
acetate extract showed the highest IC_ value (37.17+ 1.86 pg/ml). The results are shown in Table 2.The stronger antioxidant
activity of the methanol extract could be due to the presence of higher amounts of phenolics/flavonoids/tannins as evidenced by
phytochemical analysis (Table 2).The methanol extract of bark collected from Karnataka, India showed IC, value of 12.50 pg/
ml[25].

Antibacterial activity

It is well known that phytochemicals are the sources of anti-bacterials drugs. Therefore, testing of plant extracts for antibacterial
activity may help to find new antibiotics with new mode of action. This is very crucial step in drug development as the existing
antibiotics develop resistance [37]. The different extracts were tested against S. aureus and E. coli by agar well diffusion method.
The results of antibacterial assay revealed that ethyl acetate, methanol and 50% aqueous methanol extracts, which are polyphenol
containing extracts, showed antibacterial activity against S. aureus and E. coli.The results are given in Table 3. In our previous
work, we have reported the antibacterial activity of condensed tannin enriched fraction of M. longifolia bark extract [10]. It is
well known that polyphenols have antibacterial property and it depends on bacterial strain and interactions between polyphenols
and bacterial cells surface such as hydrogen bonding of the phenolic compounds to enzymes. This elevates lipophilic character
of phenolic compounds and enhances the antimicrobial character [38].

Table 3. Antibacterial activity of different extracts

Inhibition zone produced by different extracts in mm (mg/well)
Extracts

Hexane Dichloromethane Ethyl acetate Methanol 50% aq. methanol
Smg 10mg Smg 10 mg Smg 10mg Smg 10mg Smg 10 mg
S. aureus - - - - 17 20 22 23 21 23
E. coli - - - - 15 16 18 19 19 21

GC-MS analysis of hexane extract

GC-MS technique was used to determine the chemical composition of hexane extract of M. longifolia. Altogether, nine peaks
were detected in gas chromatogram. However, only six compounds were tentatively identified by mass spectrum. The identified
compounds are given in Table 4. Fig 1 shows the gas chromatogram. Fig 2. (upper) shows the mass spectrum of unknown
compound eluted between 11.0984-11.1384 min in gas chromatogram. Fig 2 (lower) shows the mass spectrum of B-Amyrone
available in NIST library. The fragmentation pattern of unknown compound is similar to the fragmentation pattern of f-Amyrone.
In this way, f-Amyrone was tentatively identified.

It was reported that B-Amyrone has anti-inflammatory activity [39] and B-amyrin acetate showed antioxidant, cytotoxicity and
anti-inflammatory activities [40, 41]. Lupeol possesses anti-inflammatory, anti-hyperglycemic, anti-dyslipidemic and anti-
mutagenic activities [42]. Lupeol acetate showed to slow down the progression of rheumatoid arthritis by inhibiting the activation
of macrophages and osteoclastogenesis [43]. Furthermore, lupeol acetate reduced rheumatoidal arthritis symptoms by inhibition
of inflammatory cytokine expression. This anti-inflammatory activity is very important for skin regeneration process [44]. The
presence of these bioactive compounds in hexane extract supports its traditional use in inflammation process and wound healing.

16



K.M. Dhoubhadel et al., 2023

pheed

TICC / bume 140807 1 - Cantrond / B+ / PE-Extradd, OC-M3 {1, 70 9%) /.

Amrit Research Journal, Dec 2023, Vol. 4

{aonseen
1218

1are

" w0 1

" " " "
Tums il

0

Fig 1. Gas chromatogram of hexane extract of M. longifolia
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Fig 2. Mass spectrum of unknown compound eluted between 11.0984-11.1384 min (above) and mass spectrum of 3-Amyrone (below)

Table 4. Results of GCMS of hexane extract of M. longifolia

S.No RT Compounds

1 8.7312-8.7478 Squalene

2 11.0984-11.1384 B-Amyrone

3 11.7710-11.8209 Olean-l.Z—en—3—ol, acetate, (3)
(B-amyrin acetate)

4 11.9874-12.0173 Lupeol

5 12.0973-12.1572 Lup-20(29)-en-3-ol, acetate, (33)
(Lupeol acetate)

6 12.7731-12.8131 cis-3,14-Clerodadien-13-ol

Conclusions

The present research highlighted the variation in extraction yield, phenolic, flavonoid, condensed tannin, gallo tannin, sugar

content, antioxidant and antimicrobial activities based on solvent polarity during extraction of M. longifolia. The methanol
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extract is a good source of flavonoids, mainly condensed tannins with high antioxidant activity. Antibacterial compounds are

mostly accumulated in medium polar to highly polar extracts. Hexane extract is a good source of anti-inflammatory compounds.

Thus, this plant could be the source for obtaining many pharmacologically active secondary metabolites that might be used as

natural antioxidants antibacterial and anti-inflammatory agents. These results could justify the traditional use of this plant.

Acknowledgements

Dean’s office, Institute of science and technology, Tribhuvan University is gratefully acknowledged for financial support to

Kusum Maiya Dhaubadel and Peter Buerkel, University of Regensburg, Germany for providing GCMS results.

References

1.

10.

I1.

12.

13.

14.

Cordell, G. A., Colvard, M. D. Natural products and traditional medicine: turning on a paradigm. Journal of natural
products, 2012, 75(3), 514-525.(doi.org/10.1021/np200803m).

Manandhar, N. P. Plants and People of Nepal. Timber Press, Portland, Oregon 2002.

Singh, A. G., Hamal, J. P. Traditional Phytotherapy of Some Medicinal Plants Used by Tharu and Magar Communities
of Western Nepal, Against Dermatological Disorders,Scientific World. 2013, 11, 81-89.

Dahake A. P., Chiratan, S. Antihyperglycemic Activity of Methanolic Extract of Madhukalonifolia Bark. Diabetologia
Croatica, 2010, 39, 3-8.

Seshagiri, M., Gaikwad, R. D. Anti Inflammatory, Anti ulcer And Hypoglycemic Activities of Ethanolic And Crude
alkaloid Extracts of MadhucaindicaGmein Seed Cake. Oriental Pharmacy And Experimental Medicine, 2007, 7, 141-
149. (doi.org/10.3742/OPEM.2007.7.2.141).

Tortora, G., Grabowski, S. R. Principles of Anatomy and Physiology, John Wiley and Sons, Edition, 2003, 10, 777.

Shekhawat, N., Vijayvergia, R. Investigation of Anti inflammatory, Analgesic and Anti Pyretic properties of
Madhucaindica GMEL. International Journal of Molecular Medicine and Advance Sciences, 2010, 6, 26- 30. (doi.org/
10.1177/1721727X1000800305).

Maity, P., Hansda, D. Biological Activity of Crude Extract and Chemical Constituent of Beal. /ndian Journal of
Experimental Biology, 2009, 47, 849-861. (doi.nopr.niscpr.res.in/handle/123456789/65270.

Zimmermann-Klemd, A. M., Konradi, V., Steinborn, C., Ucker, A., Falanga, C. M., Ute Woelfle, Huber, R., Jiirgenliemk,
G.,Rajbhandari, M., Griindemann, C. Influence of traditionally used Nepalese plants on wound healing and immunological
properties using primary human cells in vitro. Journal of Ethnopharmacology2019, 235, 415-423. (doi.org/10.1016/;.
jep.2019.02.034).

Biirkel, Peter, Meena Rajbhandari, and Guido Jiirgenliemk. "Bassia longifolia (= Madhuca longifolia): Isolation of flavan-
3-ols and their contribution to the antibacterial and antidiabetic activity in vitro." Heliyon 2023, 9(11).(doi.org/10.1016/j.
heliyon.2023.e21134).

K. Yoshikawa, M. Tanaka, S. Arihara, B. C. Pal, S. K. Roy, E. Matsumura, S. Katayama. New Oleanene Triterpenoid
Saponins from Madhucalongifolia. Journal of Natural Products, 2000, 63, 1679-1681. (doi.org/10.1021/np000351r).

D. Jha, P. M. Mazumder. Biological, chemical and pharmacological aspects of Madhucalongifolia. Asian Pacific Journal
of Tropical Medicine 2018, 11, 9-14. (DOI: 10.4103/1995-7645.223528).

Culie, I. Methology for analysis of vegetable drugs, Practical manuals on industrial utilization of medicinal and aromatic
plant, Bucharest. Phytochemistry, 1982,63, 97-104.

Waterhouse, A. Determination of total phenolics. In: Current protocols in food analytical chemistry (Ed Wrolstad, R. E).
John Wiley and Sons, New York, 2002, Units 11.1.1-11.1.8.

18



K.M. Dhoubhadel et al., 2023 Amrit Research Journal, Dec 2023, Vol. 4

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

Barnum, D. W. 1977. Spectrophotometric determination of catechol, epinephrine, dopa, dopamine and other aromatic
vic-diols. Analytica Chimica Acta. 89(1): 157-166. (doi.org/10.1016/S0003-2670(01)83081-6).

Katoch, R. Methods for Nutritional Quality Evaluation of Food Materials. In: Analytical Tech- niques in Biochemistry
and Molecular Biology. Springer, New York, NY, 2011, pp251-322.

Hedge, J.E. and Hofteiter, B.T. In: Carbohydrate Chemistry. Whistler R.L. BeMiller, J.N., Academic Press, New York,
1962, pp. 420.

Brand-Williams; W., Cuveiler, M. E., Berset, C. Use of a free radical method to evaluate antiox- idant activity. Food
Science and Technology.1995, 28, 25-30. (doi.org/10.1016/S0023-6438(95)80008-5).

Bauer, A. W., Kirby, M. K., Sherris, J. C., Turck, M. Antibiotic susceptibility testing by standard single disc diffusion
method. American Journal of Clinical Pathology. 1996, 45, 493- 496. (doi.org/10.1093/ajcp/45.4 15.493).

Robards, K. Strategies for the determination of bioactive phenols in plants, fruit and vegetables. Journal of
Chromatography, 2003, 1000, 657-691. (doi.org/10.1016/S0021-9673(03)00058-X).

Tsao, R. Chemistry and biochemistry of dietary polyphenols. Nutrients, 2010, 2, 1231-1246. (doi.org/10.3390/
nu2121231).

Chen, L., Xin, X., Yuan, Q., Su, D., Liu, W. Phytochemical properties and antioxidant capacities of various colored
berries.Journal of Science Food and Agriculture, 2014, 94(2), 180-188. (doi.org/10.1002/jsfa.6216).

Singh, V. 2017. Phenolic content and antioxidant activity of solvent extracts of mahua (Madhucalongifolia) flowers
and fruit. International Journal on Nutraceuticals, Functional Foods and Novel Foods. (www.nutrafoods.eu/index.php/
nutra/article/view/71/65/).

Kumari, S., Kalra, K., Negi, A., & Dumka, H. Pharmacognostic Standardization, Phytochemical and Pharmacological
Profile of Bassia longifolia Leaves. Journal of Pharmaceutical Negative Results, 2022, 3813-3824. (doi.org/10.47750/
pnr.2022.13.S08.%20476).

Keri, R. S. Madhucalongifolia-bark and leaves: An outlook for natural therapeutic approach for Alzheimer’s disease,
2022. (doi.org/10.21203/rs.3.1s-1524591/v1).

Singleton, V.L., Orthofer, R.,Lamuela-Raventos, R.M. Analysis of total phenols and other oxidation substrates and
antioxidants by means of Folin-Ciocalteu reagent. Methods in Enzymology, 1999, 299, 152-178.

Ubillas, R., Jolad, S. D., Bruening, R. C., Kernan, M. R., King, S. R., Sesin, D. F,, ... & Nakanishi, K. (1994). SP-303, an
antiviral oligomericproanthocyanidin from the latex of Croton lechleri (Sangre de Drago). Phytomedicine, 1(2), 77-106.
(doi.org/10.1016/S0944-7113(11)80026-7).

Uchida, S., Edamatsu, R., Hiramatsu, M., Mori, A., Nonaka, G.-I., Nishioka, I., Niwa, M., Ozaki, M. Condensed tannins
scavenge active oxygen free radicals. Medical Science Research,1987, 15, 831-832.

Price, M.L., S.V. Scoyoc and L. G. Butler. A critical evaluation of the vanillin reaction as an assay for tannin in sorghum
grain. Journal of Agricuture and Food Chemistry, 1978, 26 (5), 1214-1218. (doi.org/10.1021/j£60219a031).

Yang, B.; Liu, P. Composition and biological activities of hydrolizable tannins of fruits of Phyllanthusemblica. Journal
of Agriculture and Food Chemistry, 2014, 62(3), 529-541. (doi.org/10.1021/j404703k).

Wang, X., Gao, A., Jiao, Y., Zhao, Y. and Yang, X. Antitumor effect and molecular mechanism of antioxidant
polysaccharides from Salvia miltiorrhiza Bunge in human colorectal carcinoma LoVo cells. International Journal of
Biological Macromolecules, 2018, 108, 625—634. (doi.org/10.1016/j.ijbiomac.2017.12.006).

Kouakou, K., Schepetkin, I. A., Yapi, A., Kirpotina, L. N., Jutila, M. A. and Quinn, M. T. (2013). Immunomodulatory
activity of polysaccharides isolated from Alchorneacordifolia. Journal of Ethnopharmacology, 2013, 146, 232-42. 29.
(doi.org/10.1016/j.jep.2012.12.037).

19



Amvrit Research Journal, Dec 2023, Vol. 4 K.M. Dhoubhadel et al., 2023

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Chen, L. and Huang, G. (2018). Antitumor activity of polysaccharides: an overview. Current Drug Targets, 2018, 19,
89-96. (doi.org/10.2174/1389450118666170704143018).

Rice-Evans, C. A., Miller, N. J.,Bolwell, P. G., Bramley, P.M.,Pridham, J.B. The relative antioxidant activities of plant-
derived polyphenolic flavonoids. FreeRadical Research, 1995, 22, 375-383. (doi.org/10.3109/10715769509145649).

Rice-Evans, C. A., Miller, N. J., Paganga, G. Structure-antioxidant activity relationships of flavonoids and phenolic
acids. Free Radical Biology and Medicine, 1996, 20, 933-956. (doi.org/10.1016/0891-5849(95)02227-9).

Ames, B.N., Shigenaga, M.K., Hagen, T.M. Oxidants, antioxidants, and the degenerative diseases of aging. Proceedings
of the National Academy of Sciences of the USA, 1993, 90, 7915-7922. (doi.org/10.1073/pnas.90.17.7915).

Roope, L. S., Smith, R. D., Pouwels, K. B., Buchanan, J., Abel, L., Eibich, P., Wordsworth, S. The challenge of
antimicrobial resistance: what economics can contribute. Science, 2019, 364, 4679. (doi.org/10.1126/science.aau4679).

Bouarab-Chibane, Lynda, et al. "Antibacterial properties of polyphenols: characterization and QSAR (Quantitative
structure—activity relationship) models." Frontiers in microbiology 2019,10, 829. (doi.org/10.3389/fmicb.2019.00829).

De Almeida, P., Boleti, A. P. D. A., Riidiger, A. L., Lourengo, G. A., da Veiga Junior, V. F., & Lima, E. S. Anti-inflammatory
activity of triterpenes isolated from Protiumpaniculatum oil-resins. Evidence-Based Complementary and Alternative
Medicine, 2015. (doi.org/10.1155/2015/293768).

Okoye, N. N., Ajaghaku, D. L., Okeke, H. N., Ilodigwe, E. E., Nworu, C. S., & Okoye, F. B. C. beta-Amyrin and alpha-
amyrin acetate isolated from the stem bark of Alstoniaboonei display profound anti-inflammatory activity. Pharmaceutical
biology, 2014, 52(11), 1478-1486. (doi.org/10.3109/13880209.2014.898078).

Fabiyi, O. A., Atolani, O., Adeyemi, O. S., & Olatunji, G. A. Antioxidant and cytotoxicity of f-amyrin acetate fraction
from Brideliaferruginea leaves. Asian Pacific Journal of Tropical Biomedicine,2012,2(2), S981-S984. (doi.org/10.1016/
S2221-1691(12)60347-5).

Tsai, F. S., Lin, L. W., & Wu, C. R. Lupeol and its role in chronic diseases. Drug Discovery from Mother Nature, 2016,
145-175.

Wang, W. H., Chuang, H. Y., Chen, C. H., Chen, W. K., & Hwang, J. J. Lupeol acetate ameliorates collagen-induced arthritis
and osteoclastogenesis of mice through improvement of microenvironment. Biomedicine & Pharmacotherapy, 2016, 79,
231-240. (doi.org/10.1016/j.biopha.2016.02.010).

Malinowska M., Miroslaw B., Sikora E., Ogonowski J., Wojtkiewicz A.M., Szaleniec M., Pasikowska- Piwko M., Eris
I. New lupeol esters as active substances in the treatment of skin damage. PLOS ONE,2019, 14(3): ¢0214216. (doi.
org/10.1371/journal.pone.0214216).

20





