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Abstract

Introduction: Vitex donniana Sweet is a medicinal plant used in traditional medicine in Nigeria for the
treatment of many infections and ailments. The therapeutic effects have been attributed to high content of
phenolic compounds such as tannins.

Objective: To evaluate the antimicrobial effect of the tannins leaf extract against isolates of
Pseudomonas aeruginosa, Staphylococcus aureus, Escherichia coli Salmonela typhi and Candida
albicans.

Materials and Methods: The tannins content of the leaves was extracted by solvent extraction procedure
and tannins confirmed using lead sub-acetate, bromine water and ferric chloride tests. Two-fold serial
dilutions of 5mg/ml, 2.5mg/ml, 1.25mg/ml, 0.625mg/ml and 0.3125mg/ml were made. The antimicrobial
assay was determined using the agar well diffusion method. The inhibitory effect was determined
through diameter of inhibition zone.

Results: The results showed that the minimum inhibitory effect against all the microbial isolates
occurred at 2.5mg/ml concentration. The inhibitory effect was found to be dose dependent. The most
sensitive microorganisms were Salmonella typhi and Candida albicans at concentration of 0.3125mg/ml
and the most resistant microbial isolate was Staphilococcus aureus.

Conclusion: The results showed that the tannins leaf extract of Vitex doniana has remarkable
antimicrobial property. This confirms that the tannin constituent of the plant plays important role in its
antimicrobial property.
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Introduction
Plants contain numerous secondary metabolites such as tannins, most of which exert not only
antimicrobial activity, but promote healing of wounds, formation of new tissues as well as
used in the treatment of ulcers and diabetes among other ailments [ 2, The antibacterial and
fungal activities exhibited by the seed and fruit extracts of pomegranate (Punica granata L.)
were attributed to phenols, tannins and flavonoid which constituted the major phytochemical
constituents of the plant materials ). Tannins are water-soluble natural polyphenolic
compounds and are among the most occurring phytochemical constituents commonly found in
plants. They have been reported to constitute about 20-60% of the composition of bark and
leaves of many woody plant species [,
Apart from the use of tannins in the leather and wine industries, tannin rich extracts have been
reported to have antiviral potential, antibacterial and antiparasitic effects [>°. Numerous
studies have shown that naturally derived tannins from plants have antimicrobial activity
against many genera of microorganisms belonging to fungi, yeast and bacteria %, They have
also been reported to be bacteriostatic or bactericidal against some micro-organisms 3. Many
bioactive properties and antibacterial enhancing principles have been associated with tannins
and flavonoids of plants . Tannic acid has been reported as a possible useful adjuvant agent
for the treatment of Staphylococcus aureus skin infections in addition to B-lactam antibiotics at
least under in vivo conditions without blood 2. Antimicrobial activity has been demonstrated
by tannins extracted from the leaves of Psidium guajava against bacterial (Pseudomonas
aureginosa, Escherichia coli, Staphylococcus aureus) and fungal (Candida albicans,
Aspergillus niger) isolates 31, The tannins isolated from Dichostachys cinerea showed
remarkable bactericidal activity against bacterial pathogens [*41,
Studies indicate that source and concentration are important factors that influence
antimicrobial activity of tannins. In their study Min et al. 81 found that purified tannin extracts
from tannin-containing perennial plants exhibited a range of antimicrobial activity against
isolates of Klebsiella pneumonia, Staphylococcus aureus and Escherichia coli. The
susceptibility of microbial pathogens to tannin rich plant extracts depends on many variables
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such as the nature and thickness of the cell wall/cell
membrane of the organism [° as well as the source,
composition and concentration of the tannins [,

Vitex doniana Sweet. commonly known as black plum is
widely distributed in south western and middle belt of
Nigeria. It is a medium sized deciduous tree belonging to the
Family Verbenaceae and is found in coastal, woodlands,
savanna, riverine and lowland forests as well as deciduous
woodlands extending as high as in upland grassland €, It
grows up to 15-20m, with dense crown and the bark is light
grey with vertical fissures. Leaves are long stalked with 5-7
leaf-lets usually broadest at the tip. Flowers white, tinged
purple, borne on short, stout axillary cymes on a long stalk
with the calyx and pedicels densely hairy. The fruit is oblong
to ellipsoidal, up to 2.5cm long, green when young and turns
black on ripening 1. According to Agbede and Ibitoye [,
the fruit is rich in nitrogen, calcium, magnesium, sodium,
phosphorus, potassium and has a ratio of K/Na of 8.8 as well
as tannins. The fruits are also rich in vitamins A, B, C and E.
The fruits and the young tender leaves are consumed as edible
vegetables. The stem bark, root and leaves are used in folklore
medicine for the treatment of gastroenteritis, wound, diarrhea,
dysentery, malaria, gonorrhea, leprosy, kidney issues, liver
disease, as antihemorrhage after child birth and jaundice
among others [19- 201,

The leaf extract of Vitex doniana not only demonstrated
antimicrobial activity against spectrum of bacterial and fungal
pathogens [ 22 the phytochemical constituents have
revealed the presence of bioactive compounds such as
alkaloids, tannins, flavonoids, saponins and anthraquinone
which have been reported to have antimicrobial activities 2
241, The aqueous and methanolic extracts of leaves, root and
stem-bark of Vitex doniana have shown antimalarial
properties against chloroquine resistant Plasmodium berghei
(NK 65) 2%, To my knowledge and literature search, there are
no previous reports about antimicrobial activity of tannins
extracted from the leaves of Vitex doniana. Therefore, the aim
of this study is to assess the in vitro antibacterial and
antifungal activities of tannins leaf extract of Vitex doniana
against Pseudomonas aeruginosa, Staphylococcus aureus,
Escherichia coli Salmonela typhi and Candida albicans.

Materials and Methods

The twigs of Vitex doniana were collected from Nkpologu
along Adada River, Uzo-Uwani Local Government Area,
Enugu State, Nigeria and the plant was authenticated in the
Herbarium Unit, Department of Botany, University of
Nigeria, Nsukka. The leaves were dried properly for two
weeks and pulverized into powder with an electric mill
(Thomas Wiley Laboratory Mill, Model 4) in the Department
of Crop Science, University of Nigeria, Nsukka.

Method of extraction of tannins

Two hundred grams of the pulverized leaves were soaked in
10 ml of petroleum ether for 24 hrs. The mixture was filtered
with Whatman No. 1 filter paper and the residue washed
again with five 20 ml portions of petroleum ether. Ten percent
lead acetate was added to the filtrate and heated in a water
bath to about 75 °C and left until precipitates containing lead
acetate coagulates appeared. It was then centrifuged at 2000
revolutions per minute and the filtrate discarded. Five drops
of sulphuric acid were added to the precipitate and mixed
thoroughly and 30 ml of water was added, stirred and
centrifuged to obtain tannin 21,
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Confirmation tests for tannins

One mg/ml of the isolated tannins was dissolved in 5 ml of

ethanol and the solution was used for the following tests [?61:

1. Lead sub-acatate test: Three drops of lead acetate
solution were added to 1 ml of the test solution and
observed for formation in precipitate.

2. Bromine water test: Half (0.5 ml) a ml of bromine water
was added to 1 ml of the test solution and observed for
formation of precipitate.

3. Ferric chloride test: Two% Ferric chloride was added to
1 ml of the test solution and observed for colour
formation.

Microorganisms and culture medium

Four clinical bacterial isolates and one fungal isolate used for
the study were obtained from Medical Laboratory Clinic,
Faculty of Veterinary Medicine, University of Nigeria,
Nsukka. The bacterial isolates were Pseudomonas
aeruginosa, Staphylococcus aureus, Salmonella typhi and
Escherichia coli, while the fungal isolate was Candida
albicans. The microorganisms were cultured on nutrient agar
medium at 4 °C. The culture was prepared by aseptically
streaking a loop full from suspension of each of the isolated
microorganisms on the surface of solid agar media in different
petri dishes and incubated at 37 °C for 24 hrs. A colony was
aseptically transferred from the growth medium and incubated
in a prepared double strength nutrient broth in bijou bottles
and incubated at 37 °C for 24 hrs. The content was then used
to flood the surface of solid nutrient agar slant in test tube
bottles. Each microorganism was bulked in sterilized test tube
and made up to 10 ml with sterile normal saline and stored at
4 9C until needed 121,

Antimicrobial assay

Agar well diffusion method was used for determination of the
antimicrobial activity ?71. Standard solutions of the extracts
were prepared with Dimethylsulfoxide (DMSO). Two-fold
serial dilutions of the extracts were prepared to obtain 5.0
mg/ml, 2.5 mg/ml, 1.25 mg/ml, 0.625 mg/ml and 0.3125
mg/ml 1, All the microorganisms were suspended in a
normal sterile saline solution to a concentration of 1.0 x 10°
cfu /ml. Ten milliliter of molten nutrient agar at 40 °C was
inoculated with 0.1 ml of each of the suspension of
microorganism and poured into sterile petri dishes; mixed
thoroughly and allowed to set. Five wells (7 mm in diameter)
were bored on each of the seeded agar medium with sterile
cork borer and 0.5 ml of each of the extract delusions were
transferred into the cups. The inoculated petri dishes were
incubated at 37 °C for 24 hrs. The tests were replicated three
times. Positive control was done with micro ring GBMTS-
NEG standard sensitivity disc containing eight drugs:
Augmentin, Tetracycline, Amoxicillin, Co-trimoxazole,
Nitrofurantoin, Gentamycin, Nalidixic acid and Ofloxacin.
Antimicrobial activity was evaluated by measuring the
diameter of inhibition zone (DI1Z) of tested microorganisms.

Results and Discussion

The antimicrobial assay of tannins leaf extracts of Vitex
doniana as confirmed in Table 1 showed considerable
spectrum of bio-activity against all the test pathogens,
although there were variations in the effect elicited by the
different concentrations. This compares with the effects of
standard antibiotics especially that of ofloxacin against all the
bacterial isolates. The results showed that inhibitory activity
was highest against Salmonella typhi and Candida albicans at

~1776~


http://www.phytojournal.com/

Journal of Pharmacognosy and Phytochemistry

concentration of 0.3125 mg/ml and moderately active against
other bacteria isolates (Table 1). This antimicrobial activity
exhibited by the tannins extract has been attributed to is
astringent property and formation of complexation with metal
ions accounting for its toxicity on membrane of the
microorganisms 4. The bioactive property shown by the
tannins extract is comparable to the findings of Ngoupayo et
al. M in which condensed tannin extract from the stem bark
of Erythrophleum guineensis exhibited bactericidal and
fungicidal effects against microbial isolates known to cause
food poisoning and acute infectious diarrhea especially
Staphilococcus aureus, Candida albicans and Candida
parapsilosis.

Also, Zhu et al. 9 evaluating the activity of tannins on
Penicillium digitatum on stored Citrus fruit revealed that the
tannins not only inhibited the mycelial growth and spore
germination, it reduced the disease severity of green mold of
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the Citrus by 70%. In another study on the antimicrobial
activities of hydrolysable and condensed tannins extracted
from the bark of Rhizophora apiculata, the findings showed
that condensed tannins had outstanding inhibitory effect on
the bacterial and yeast isolates, but not on the fungi 2°1. It was
suggested that the hydrolysable tannins must have affected
certain stages in the biosynthesis during the syntheses of cell
wall and cell membrane leading to abnormalities and changes
in permeability of the cell membranes of the microbial
pathogens 1% 3%, These reports can be strongly related to the
findings in this study in which the bacterial and fungal
isolates; Candida albicans and Salmonella typhi were highly
susceptible to the different concentrations of the tannins
extract with ZID in the range of 7.1 +0.96 — 18.1 + 0.58
mg/ml for Salmonella typhi and ZID of 8.1 £ 0.06 — 21.0
0.36 mm and MIC 0.3125 — 5 mg/ml for Candida albicans in
increasing order of concentration (Tables 2 and 3).

Table 1: Results of the confirmatory test of tannins extracted from the leaves of Vitex doniana

Type of test Procedure

Results Reference

Lead sub-acetate
test solution

3 drops of lead acetate solution + 1 ml of test

Harbone 28] and

A gelatinous precipitate formed Maker and Goochild 251

Bromine water test

0.5 ml of Bromine water + 1 ml of test solution

A pale brown precipitate formed ¥

Ferric chloride test

2% of Ferric chloride + 1 ml of test solution

A blue precipitate which turns green
on addition of more Ferric chloride

The inhibitory effect of the tannins extract was also found to
be dose dependent with 2.5 mg/ml and 5.0 mg/ml
concentrations having remarkable effects on all the bacteria
and fungus isolates (Table 2). This agrees with the findings
that source and concentration of tannins are important factors
that influence antimicrobial activity [® 4. Quite a number of
studies have shown that tannin rich extracts of plants have
demonstrated notable antimicrobial activity against diversity
of microorganisms 23 24 3l Evaluation of the antibacterial
activities of tannin extracts of roots of Dichrostachys cinerea
(141 and leaves of Anacardium humile ®2 have shown wide

range of antimicrobial activities against a number of clinical
pathogens. In comparable studies on the antimicrobial
properties of tannin extracts of plants, Ukoha et al. [
working on pods of Samanaea saman and Dahham et al. & on
seeds and fruits of Punica granatum demonstrated the ability
of tannins to show inhibitory activity on both clinical isolates
of bacteria and fungi in their investigations. This compares
favourably with the findings of this work in which the tannin
extract from Vitex doniana showed inhibitory activity against
the bacterial and fungal isolates.

Table 2: Effects of different dilutions of tannins extract from Vitex doniana leaves on the bacterial and fungal cultures

Concentration Mean of diameter of inhibition zone (mm + SD)
(mg/ml) Pseudomonas aeruginosa Staphylococcus aureus | Escherichia coli | Salmonella typhi | Candida albicans
0.3125 0 0 0 7.1+0.96 8.1+ 0.06
0.625 0 0 0 8.1+0.95 12.1+£0.72
1.25 8.1+0.53 0 10.1+£0.39 12 +0.67 19.0+0.54
2.5 18.1+0.88 16.3+0.85 12.1+£0.58 13.0+£0.83 20.1+0.31
5.0 20.0£0.40 21.4£0.26 19.1 £ 0.47 18.1 £0.58 21.0£0.36
Control
Augmentin 0 0 0 0 0
Tetracycline 0 0 0 11 0
Amoxicillin 0 0 0 0 0
Co-trimoxazole 0 0 18 0 0
Nitrofurantoin 0 23 20 8 0
Gentamicin 20 0 0 22 0
Nalidixic acid 0 0 0 27 0
Ofloxacin 28 15 24 38 0

Table 3: Minimum inhibitory concentrations (MIC) and diameter of inhibition zone of tannins extract from Vitex doniana leaves

Microorganism MIC (mg/ml) DIZ (mm + SD)
Pseudomonas aeruginosa 1.25 8.1+0.53
Staphylococcus aureus 2.5 16.3+0.85
Escherichia coli 1.25 10.1£0.39
Salmonella typhi 0.3125 7.1+£0.96
Candida albicans 0.3125 8.1+0.06

Of the bacterial isolates in the study, the gram-negative
bacteria; Salmonella typhi, Pseudomonas aeruginosa and

Escherichia coli were more susceptible to the tannins extract.
However, this result contrasts with that of Maistta et al. B34
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where the aqueous and ethanolic extract of gallotannins
(especially 1-O-galloyl-B-D-glucose) profiled from Cytinus
hypocistis and Cytinus ruber showed strong inhibitory activity
against three gram-positive bacteria (Staphylococcus aureus,
Staphylococcus epidermis, Enterococcus faecium), but not
active against gram-negative strains (Pseaudomonas
aeruginosa, Klebsiella pneumoniae). The variation in
inhibitory activity against the gram negative and gram-
positive bacterial isolates may be due to differences in their
cell surface structures.

It has been reported that the outer membrane of gram-
negative bacteria acts as a protective barrier against
hydrophobic compounds B, Such preventive barrier may be
responsible for the differences observed in the effects of the
tannins extract on bacterial isolates. The fungal pathogen,
Candida albicans was susceptible to all the concentrations of
the tannins extract. Comparative reports have been reported of
the antifungal effects of tannins extract from other plants [ 3.
37, Several explanations have been given on the mode of
action of plant extracts on bacterial pathogens. It has been
reported that plant extracts significantly affect the cell
membrane of Gram-positive and Gram-negative bacteria by
causing a decline in their internal pH and membrane
hyperpolarization B8, The inhibitory effects of the plant
extracts have also been attributed to the tannin content of the
plant extracts that permit them to react with protein of
microbial cell membrane and mitochondria upsetting their
structures and changing their permeability % 4%, Such
inhibition has also been linked to the destabilization of
cytoplasm and plasma membranes, inhibition of extracellular
microbial enzymes and metabolisms leading to deprivation of
the substrate required for microbial growth 35 41,

With respect to the mechanism of action of plant tannins, it
forms complexation with proteins and other macromolecules
through hydrogen and hydrophobic interactions as well as by
covalent bonding ® 42, Also, the action of tannin can be
linked to the damage of the cell wall and plasma membrane
leading to leakage of the intracellular contents. The
consequent effect of such antimicrobial interaction will be
associated with the capacity of tannins to deactivate microbial
adhesions, enzymes, cell envelop transport proteins and
mineral uptake 1 as well as precipitation of proteins and
chelating to mineral elements making them biologically
unavailable to the microorganisms [2°1, With respect to fungal
inhibition, tannins notably minimizes fungal enzymatic
activities of cellulases and pectinases and through that means
reduce their concentration and rate of spread of infection 4],

Conclusion

This study has demonstrated that the tannins leaf extract
showed inhibitory effect against all the microbial isolates at
2.5mg/ml and that the most susceptible microbial isolates
were Salmonella typhi and Candida albicans. The study
therefore, suggests that the tannins isolated from the leaves of
Vitex doniana have remarkable antimicrobial toxicity. Hence,
the plant is a potential source of antimicrobial agents needed
for drug development and health care delivery.

References

1. Trease GE and Evans WC. Text Book on Pharmacognosy
5t Edition. Balliese Tindal and Company Publishers,
London. 2002, 584.

2. gtumpf S, Hostnik G, Primozi M, Leitgeb M, Juha-Pekka
Salminen JP, Bren U. The Effect of Growth Medium
Strength on Minimum Inhibitory Concentrations of

10.

11.

12.

13.

14.

15.

~ 1778~

http://www.phytojournal.com

Tannins and Tannin Extracts against E. Coli. Molecules
2020; 25:2947. doi:10.3390/molecules25122947

Dahham SS, Ali MN, Tabassum H, Khan M. Studies on
antibacterial and antifungal activity of pomegranate
(Punica granatum L.). American-Eurasian Journal of

Agricultural and Environmental Sciences. 2010;
9(3):273-281.
Halvorson JJ, Gonzalez JM. Tannic acid reduces

recovery of water-soluble carbon and nitrogen from soil
and affects the composition of Bradford-reactive soil
protein. Soil Biology and Biochemistry. 2008; 40:186-
197. doi:10.1016/j.s0ilbio.2007.07.022

Funatogawa K, Hayashi S, Shimomura H, Yoshida T,
Hatano T, Ito H et al. Antibacterial activity of
hydrolyzable tannins derived from medicinal plants
against  Helicobacter pylori.  Microbiology and
Immunology 2004; 48(4):251-261. doi:10.1111/j.1348-
0421. 2004.tb03521.x

Min BR, Pinchak WE, Merkel R, Walker S, Tomita G,
Anderson RC. Comparative antimicrobial activity of
tannin extracts from perennial plants on mastitis
pathogens. Scientific Research and Essay 2008; 3(2):066-
073. Available online at
http://www.academicjournals.org/SRE

Garg N. Technology for the production of agricultural
wines, Science and Technology of Fruit Wine Production
2017, 463-486k.

Falcao L, Araujo MEM. Vegetable tannins used in the
manufacture of historic leathers. Molecules 2018;
23:1081.

China CR, Hilonga A, Nyandoro SS, Schroepfer M,
Kanth SV, Meyer M et al. Suitability of selected
vegetable tannins traditionally used in leather making in
Tanzania. Journal of Cleaner Production 2020;
251:119687

Zhu C, Lei M, Andargie M, Zeng J, Li J. Antifungal
activity and mechanism of action of tannic acid against
Penicillium digitatum. Physiological and Molecular Plant
Pathology 2019; 107:46-50.
https://doi.org/10.1016/j.pmpp.2019.04.009

Ngoupayo J, Assonfack FRM, Chelea M, Djiele NP,
Ndelo J. Evaluation of the antimicrobial activity of tannin
extracted from the barks of Erythrophleum guineensis
(Caesalpiniaceae). Journal of Pharmacognosy and
Phytochemistry 2016; 5(4):287-291

Akiyama H, Fujii K, Yamasaki O, Oono T, Iwatsuki K.
Antibacterial action of several tannins against
Staphylococcus aureus. Journal of Antimicrobial
Chemotheraphy 2001; 48:487-491.

Mailoa MN, Mahendradatta M, Djide ALN.
Antimicrobial activities of tannins extract from guava
leaves (Psidium guajava L) on pathogens microbial.
International Journal of Scientific & Technology
Research 2014; 3(1):236-241.

Banso A, Adeyemo SO. Evaluation of antibacterial
properties of tannins isolated from Dichrostachys
cinereal. African Journal of Biotechnology. 2007;
6(15):1785-1787.

Yao HT, Chang YW, Lan SJ, Yeh TK. The inhibitory
effect of tannic acid on cytochrome P450 enzymes and
NADPH-CYP reductase in rat and human liver
microsomes. Food and Chemical Toxicology. 2008;
46(2):645-653. PMID: 17950511.


http://www.phytojournal.com/

Journal of Pharmacognosy and Phytochemistry

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

3L

Keay RWJ, Onochie CFA, Stanfield DP. Nigerian trees
Federal Government of Nigerian Press, Lagos, 1964,
1(2).

Tropical Plants
tropical.theferns.info.
<tropical.theferns.info/viewtropical.php?id=Vitex+donia
na. Retrieved July 10, 2020.

Agbede JO, Ibitoye AA. Chemical composition of black
plum (Vitex doniana): An under-utilized fruit. Journal of
Food, Agriculture & Environment 2007; 5(2):95-96.
https://www.researchgate.net/publication/267368161
Amegbor K, Metowogo K, Eklu-Gadegbeku K, Agbonon
A, Aklikokou KA, Napo-Koura G et al. Preliminary
evaluation of the wound healing effect of Vitex Doniana
Sweet (Verbenaceae) in mice. African Journal of
Traditional, Complementary, and Alternative Medicines
2012; 9(4):584-590.
http://dx.doi.org/10.4314/ajtcam.v9i4.16

Uzoho ACV, Ene AC, Igwe CU. Antimalarial potential
of methanolic and aqueous extracts of leaves, root and
stem-bark of Vitex doniana. Asian Journal of Medical
Principles and Clinical Practice 2020; 3(1):18-24.

Iwueke AV, Nwodo OFC, Okoli CO. Evaluation of the
anti-inflammatory and analgesic activities of Vitex
doniana leaves. African Journal of Biotechnology. 2006;
5(20):1929-1935.

Lagnika L, Amoussa M, Adjovi Y, Sanni A. Antifungal,
antibacterial and antioxidant properties of Adansonia
digitata and Vitex doniana from Bénin pharmacopeia.
Journal of Pharmacognosy and Phytotherapy. 2012;
4(4):44-52. DOI: 10.5897/JPP12.006

Agbafor KN, Nwachukwu N. Phytochemical Analysis
and Antioxidant Property of Leaf Extracts of Vitex
doniana and Mucuna pruriens. Biochemistry Research
International, 2011. Article ID 459839, 4 pages.
doi:10.1155/2011/459839

lloh OE, Agbafor KN, Omogo SE. Phytochemical and
Antimicrobial Screening of the Stem-Bark Extracts of
Vitex doniana. American-Eurasian Journal of Scientific
Research. 2015; 10(4):248-250.

DOI: 10.5829/idosi.aejsr.2015.10.4.1155

Maker AOS, Goodchild AV. Quantification of tannins. A
laboratory manual. International Center for Agricultural
Research in Dry Areas (ICARDA), Allepo. Syria. 1996,
25.

Harborne JB. Phytochemical methods: A guide to
modern techniques of plant analysis. Chapman and Hall
Ltd, London. 1973, 279.

Collins KH, Lyne PM. Microbiology Methods, 4th
Edition. Butterwarths, London, 1979, 249.

Deeni Y, Hussain H. Screening for antimicrobial activity
of alkaloids of Nuclea latifolia. Journal of
Ethnopharmacology. 1991; 35:91-96.

Lim SH, Darah I, Jain K. Antimicrobial activities of
tannins extracted from Rhizophora apiculata barks.
Journal of Tropical Forest Science 2006; 18(1):59-65
Suraya S, Darah | SEM. TEM studies of the structural
modifications of Candida albicans cells after treatment
with extract from Cuculigo latifolia Dryand. in
Proceeding of the Fourth Regional IMT-GT UNINET
Conference. 15-17 October Penang. 2002, 203-205.
Osuntokun OT, Ajayi AO, Adeoye MI, Odufunwa AE.
Assessment of antimicrobial and phytochemical
properties of crude leaf and bark extracts of Ceiba
pentandra on selected clinical isolates found in Nigerian

Database, Ken Fern.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

~1779~

http://www.phytojournal.com

teaching hospital. Journal of Bacteriology and Mycology
Open Access 2017; 4(1):17-23.

Ferreira PRB, Mendes CSO, Rodrigues CG, Rocha JCM,
Royo VA, Valerio HM et al. Antibacterial activity
tannin-rich fraction from leaves of Anacardium humile.
Ciéncia Rural. 2012; 10(42):1861-1864.

Ukoha PO, Egbuonu ACC, Obasi LN, Ejikeme PM.
Tannins and other phytochemical of the Samanaea saman
pods and their antimicrobial activities. African Journal of
Pure and Applied Chemistry. 2011; 5(8):237-244.
Maisetta G, Batoni G, Caboni P, Esin S, Rinaldi AC,
Zucca P. Tannin profile, antioxidant properties, and
antimicrobial activity of extracts from two Mediterranean
species of parasitic plant Cytinus. BMC Complementary
and Alternative Medicine 2019; 19:82.
https://doi.org/10.1186/s12906-019-2487-7
Puupponen-Pimi& R, Nohynek L, Meier C, Kéhkonen M,
Heinonen M, Hopia A et al. Antimicrobial properties of
phenolic compounds from berries. Journal of Applied
Microbiology. 2001; 90:494-507.

Karunanayake LC, Adikaram N, Kumarihamy BM,
Bandara BR, Abayasekara C. Role of antifungal
gallotannins, resorcinols and chitinases in the constitutive
defence of immature mango (Mangifera indica L.)
against Colletotrichum gloeosporioides. Journal of
Phytopathology. 2011; 159(10):657-64.

Anibal PC, Peixoto IT, Foglio MA, Hofling JF.
Antifungal activity of the ethanolic extracts of Punica
granatum L. and evaluation of the morphological and
structural modifications of its compounds upon the cells
of Candida spp. Brazilian Journal of Microbiology. 2013;
44(3):839-48.

Gonelimali FD, Lin J, Miao W, Xuan J, Charles F, Chen
M et al. Antimicrobial properties and mechanism of
action of some plant extracts against food pathogens and
spoilage microorganisms. Frontiers in Microbiology
2018; 9:1639. Doi:10.3389/fmich.2018.01639.

Friedman M, Henika PR, Levin CE, Mandrell RE.
Antibacterial activities of plant essential oils and their
components against Escherichia coli 0157:H7 and
Salmonella enterica in apple juice. Journal of Agriculture
and Food Chemistry. 2004; 52:6042-6048.

Tiwari BK, Valdramidi VP, O’Donnell CP,
Muthukumarappan K, Bourke P, Cullen PJ. Application
of natural antimicrobials for food preservation. Journal of
Agriculture and Food Chemistry 2009; 57:5987-6000.
Ikigai H, Nakae T, Hara Y, Shimamura T. Bactericidal
catechins damage the lipid bilayer. Biochimica et
Biophysica Acta. 1993; 1147:132-136.
Scalbert A. Antimicrobial properties of
Phytochemistry. 1991; 30:3875-3883.

Min BR, Barry TN, Attwood GT, McNabb WC. The
effect of condensed tannins on the nutrition and health of
ruminants fed fresh temperate forages: A review. Animal
Feed Science and Technology. 2003; 106:3-19.

Achmad MA, Soekarno BPW, Witarto AB. Effects of
tannin to control leaf blight disease on Toona sureni
merr. Caused by two isolates of Rhizoctonia sp. Plant
Pathology Journal. 2015; 14:148-152.

tannins.


http://www.phytojournal.com/

