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ABSTRACT

In vitro efficacy of three organic solvent (petnahe ether, chloroform and methanol) extracts of drfla
diversifolia leaves were tested against nine pfaathogenic fungal species (Alternaria alternataeftaria solani,
Aspergillus flavus, Aspergillus niger, Cuvularianhta, Drechslera oryzae, Fusarium oxysporum, RHigic
expansum and Penicillium italicum), one antagoristgus(Trichoderma viride) and four human pathogeni
bacteria (Enterococcus faecalis, Escherichia cBseudomonas aeruginosa and Staphylococcus aurAos)ng
the extracts, petroleum extract showed the higaestungal activity followed by methanol and chifimon extracts.
All the three extracts showed inhibitory effectiagtaall the tested bacteria.

Key words: Tithonia diversifolia,antifungal, antibacterial, minimum inhibitory camgration (MIC), minimum
bactericidal concentration (MBC)

INTRODUCTION

Tithonia diversifolia(Hemsley) A. Gray commonly known as Mexican suwio or Mexican arnica is a member of the
family Asteraceae. It is an annual weed growingreggjvely in abandoned lands, road-sides, rivekdand cultivated
farmlands. The plant is adaptable to most soils Thiough a native of Central America, it has becoraturalized in
many tropical countries including the North-Easgioas of India. In Manipur the plant is widely grown wild,
especially at the foothills and roadsides. The Iteen reports dfithoniabeing used for a wide variety of purposes [2]
including medicinal and ethnobotanical values [3je local healers used the flower heads for treatrobwounds and
bruises [4]. Looking into the abundance and vatisels of this plant, the present investigation wadearto evaluate the
antifungal and antibacterial activities Bf diversifoliaagainst 9 plant pathogenic and 1 antagonistic fusgecies and 4
human pathogenic bacteria.

MATERIALSAND METHODS
Fungal species

The fungal species used for the study, the sowfttwir isolation and the respective plant dissdbey caused are
listed in Table 1.
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Table 1. Test fungal species

Fungal species Source of isolation| Type of infection
Alternaria alternata(Fr.) Keissler ITCC Id no. 8246.11 French bean ledf Leaf spot disease
Alternaria solani Sorauer Potato leave Early blight disease
Aspergillus flavudink NFCCI 2791 Groundnut seed Aflatoxin contamioat
Aspergillus nigelVan TieghemITCC Id no. 8241.1 Groundnut see Black mold diseas
Curvularia lunata(Wakker) Boedijn Rice grain Grain discoloration
Drechslera oryza®reda de HaatT CC Id no. 8240.11 Rice grain Brown spot disease
Fusarium oxysporur{Schl.) emend. Snyder & Hansen NFCCI 2790 Tomatb ro Wilt disease
Penicillium expansurhink ex. Fries Apple fruit Soft rot

Penicillium italicumWehmer Lemon fruit Blue mould rot
Trichoderma virid PersITCC Id no. 8229.1 Field soi Biocontrol ager

The fungal species were isolated using standarthadsetand the pure cultures were maintained by sithring
periodically in Czapeck Dox Agar (CDA) medium anegerved at 4°C prior to use. The identities of safthe
fungal isolates were reaffirmed from ITCC, IARI, W®elhi and NFCCI, Pune.

Bacterial species

The bacterial species used for testing antibat¢tadtvities include two gram positive bacte&aphylococcus
aureusATCC 25923 ancdenterococcus faecalidaTCC 29212 and two gram negative bactdgscherichia coli
ATCC 25922 andPseudomonas aeruginosATCC 27853. The bacterial cultures were obtaineamf the
Microbiology Department, Regional Institute of Medli Sciences, Imphal, Manipur, India. The cultuvesre
maintained by sub culturing periodically using merit agar medium and were preserved at 4°C prios¢o

Preparation of plant extracts

Healthy and matured leaves of diversifoliawere collected, washed, cut into small piecesddin shade and
ground into powder using a mortar and pestle. Tieddplant powder was extracted successively wétigbeum
ether (PE), chloroform (CH) and methanol (ME) is@xhlet extractor (60-80°C). The extracts were eatrated
under vacuum at 40-50°C using a rotary flash exaporExtracts were stored at -20°C and were fyedislsolved
in suitable solvents prior to screening for antimigal activity.

Antifungal activity

The antifungal activities of the plant extracts eve@valuated by employing the poisoned food tecteni®]. The
plant extracts were reconstituted with minimum antoof dimethyl sulphoxide (DMSQO) and mixed with rifte
CDA medium to get a concentration of 0.5mg/ml @emperature of 40°-45°C. Plant extract impregnatedia
were poured into sterile Petri dishes (90mm di#ggtel® without any treatment served control. Afteolng, the
Petri dishes were inoculated with 5mm diameter nigiceliscs removed from the margins of actively witng
colonies of the test fungal species and incubat&b#1°C. Radial mycelial growth (mm) was recoradigr 72 hr
incubation period. Each experiment was carriedimttiplicate and the percent inhibition of radggbwth (PIRG),
if any was determined by the following formula [6]:

(dc — dt)
PIRG = ——=x 100
dc

where dc = average increase in mycelial growth (mmmgontrol plates, dt = average increase in mgtgrowth
(mm) in treated plates. The average increase ireti@y@rowth was obtained by subtracting the inoouldiameter
(5mm) from the colony diameter.

Antibacterial activity

Antibacterial activity of each plant extract wagatmined using the Kirby-Bauer disc diffusion metHa@] with
slight modification [8]. Bacterial cell suspensiomsre prepared in fresh normal saline.The turbidiftthe resulting
suspensions was adjusted to 0.5 McFarland turbgtéypdard. Sterile Mueller Hinton Agar (MHA) plategre
swabbed with the respective culture of the orgasisising sterile cotton swabs and kept for 15 nmminlaminar
chamber for absorption to take place. The statilcs (6 mm dia) of Whatman's No. 1 filter paperreve
impregnated with 20 ul of different extract solusoto achieve desired concentrations of 0.5 anahd/disc and
placed separately in the inoculated agar plategp®mycin (10ug/disc) was used as positive cordaral disc
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impregnated with DMSO was used as negative conEath experiment was carried out in 5 replicatdse T
antibacterial assay plates were incubated at 3@f@4hr and mean diameters of the inhibition zomese recorded.

Determination of MIC and MBC

Based on the preliminary screening the extractastmp potent antifungal activities were further sdipd to

minimum inhibitory concentration (MIC) assay. Vargconcentrations ranging from 1 to 10 mg/ml of ¢elkracts

were prepared by adding appropriate quantitiesof @xtract to pre sterilized molten CDA medium #raroughly

mixing with the medium. Twenty ml of treated meditiaving a particular extract concentration was pdun a 90

mm sterilized Petri plate. Plates were separatalgulated with the fungal species, incubated fohf7&nd observed
for growth inhibition as described earlier. Eackeatment was replicated thrice. MIC was recordedthas

concentration at which no visible mycelial growthsrobserved after the incubation period.

The extracts which showed antibacterial activitytire disc diffusion method were subjected to MIGags
Determination of MIC was carried out using the brdilution method [9]. One ml of reconstituted exir solution
(conc. 100 mg/ml) was added in a test tube comtgidi ml of sterile broth so as to obtain a conegiun of 50
mg/ml. One ml of this dilution was transferred tother test tube in the same manner and the diligsies was
continued till the 7th test tube was reached. Ttiet8st tube did not contain any extract, but aitemh of pure
solvent and served as negative control. Then 1fnainol8 hr old broth culture of each of the baetlesipecies
(earlier adjusted at ¥€fu/ml) was put into each tube containing brothhwitant extract and thoroughly mixed on a
vortex mixer. The tubes were incubated at 37°Q#bhr and observed for growth in form of turbidifihe test tube
with the lowest dilution with no detectable growih visual inspection was considered as the MIC. mi@mum
bactericidal concentration (MBC) values were deteed by removing 0.1 ml of bacterial suspensiomfithe MIC
tubes that did not show any growth and sub-cultiredMHA plates and incubated at 37°C for 24 hr. The
concentration without any resultant bacterial gltowas recorded as MBC.

RESULTSAND DISCUSSION

The percent yields of. diversifolialeaf extraction with PE, CH and ME were 3.16, 2antl 7.32%, respectively.
The effect of the three extracts on colony growitthe ten test fungi is shown in Table 2. The risstgévealed that
each fungal species may show differential growtpoases to different solvent extracts of the salaet gpecies.
The PE extract could inhibit the growth of nine gahspecies while the CH and ME extracts inhibttezlgrowth of

3 and 5 fungal species, respectively. As seen flmriable, colony growth @&. alternatacould not be inhibited by
any one of the extracts. CH and ME extracts wesééative againsf. solani, A. flavus, A. niger, P. expansand

P. italicum The highest inhibitory effects were observed WiB extract againdD. oryzae(55.1%),A. solani
(51.6%) andA. flavus(50.7%). Both CH and ME extracts showed highestvn inhibition againstC. lunatai.e.
33.6% and 40.0%, respectively. While determining BHC values of the three extracts against thosgifwhich
have shown more than 25% growth inhibition, it i@snd that the MIC of PE extract agaidstsolani, A. flavus

C. lunata and D. oryzawas 8mg/ml, and that of CH extract agai@stunataand ME extract again&. lunataand

D. oryzaewas 16mg/ml (Table 3).All the three extractsPofdiversifoliashowed inhibitory effects against the four
test bacteria representing both Gram-positive arai=negative species (Table 4). However, the highésbitory
effect was induced by PE and CH extracts aga$istwreus the inhibition zones being 11.6 and 11.4mm,
respectively. The lowest value of MIC was recorded.39mg/ml of CH extract agair&taureus

A large number of references on antimicrobial aiéi® of several plant species are available. Maztkers have
reported narrow- or broad-spectrum and less or reffextive antimicrobial activities of plants esjadly those
species which have medicinal values. The plantsieesources of antimicrobial compounds. It iSreated that the
total number of plant chemicals may exceed 4,00@0@&hich 10,000 plant chemicals have defensivections
[10]. Many previous studies [11-18] have shown thalant species may not be equally effectiveresjaill the test
fungal or bacterial species. The basic principletarfet specificity of a metabolite or the susdality of a
microbial species or its related group to a specifimpound is of practical importance in desigrangantibiotic or
a pesticide for control of specific pathogens ooups of pathogens. Extract-organism specific aotbial
activities of different solvent extracts of leafirk and branch wood extracts and lateXHohatanthus articulates
had been observed [19]. Some of the extracts wemgeffective against some organisms while othexgeviotally
inactive. The methanolic and ethanolic extractSe$ame radiaturshowed broad spectrum antibacterial activity
while the aqueous extract was ineffective [20)w#s also found that methanolic extractAdfrus pulchellusvas
more active against Gram-positive bacteria as coegpto Gram-negative bacteria. There was furtheenation
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that among different solvent extracts@dlanum seaforthianustem, the methanolic extract exhibited high degree
of antibacterial activity [22]. These observationscorroboration with the present finding show tluifferent
solvent extracts of a plant species may have diffiespectra of antimicrobial activity that can bglained by the
solubility or insolubility of the active compoundi(s the solvent used for extraction.

The present observation that diversifoliahas antifungal and antibacterial properties ipsujed by the work of
Ogunfolakan [23] who concluded that the leaf esttfaad promising broad spectrum antimicrobial attiviKareru
[24] also reported that soap made from leaf exwédt diversifoliawas effective againg&. coli.

Table2. Effect of different solvent extracts of Tithonia diversifolia (conc. 0.5mg/ml) on radial growth of different fungal species

Fungal species Colony diameter (mm)

PE CH ME Control
Alternaria alternat: 29.61) 37.30) 32.31) 27.€
Alternaria solani 14.6(51.6) 27.0(9) 23.0(-) 25.0
Aspergillus flavus 15.3(50.7) 31.0(-) 32.0(-) 26.0
Aspergillus niger 23.6(8.2) 27.3(-) 43.0(-) 25.3

Curvularia lunata 26.0(42.7)| 29.3(33.6 27.0(40.0 41.6
Fusarium oxysporum| 31.3(8.1) 33.0(2.3) 32.0(5.8) 33.6
Drechslera oryzae 18.0(55.1)| 27.6(21.8 26.0(27.5 34.0
Penicillium expansum 18.0(7.1) 20.6(-) 22.3(-) 19.6
Penicillium italicum 11.3(24.0) 13.6(-) 21.0(-) 13.3
Trichoderma viride 80.0(11.7)| 83.0(8.24) 74.0(18.82) 90.(¢

Fungal specieg  Extracts Interactipn
S.Ed.(1) 0.02 0.02 0.05
CD (0.05) 0.03 0.05 0.10
PE=Petroleum ether extract; CH=Chloroform extrabME=Methanol extract
Values in parenthesis indicate per cent growthbittain.
(-) indicates no growth inhibition

Table 3. MIC of different solvent extractsof Tithonia diversifolia against susceptible fungal species

Fungal species  Solvent  MIC (mg/mf)
A. solani PE 8
A. flavus PE 8
C. lunata PE 8
C. lunata CH 16
C. lunata ME 16
D. oryzae PE 8
D. oryzae ME 16

Table4. Antibacterial activity of Tithonia diversifolia leaf extracts (conc. 1mg/disc)

Bacterial specie Inhibition zone(mm)

1 PE CH ME ST
E. coli 7.2 70| 6.8| 148
E. faecali 7.4 6.6 | 7.C | 12.2
P. aeruginos 7.C 6.6 | 6.6 | 10.2
S. aureus 116 | 11.4| 6.8] 16.4

Bacterial specieg  Extracts Interactipn
SEd() 0.29 0.29 0.59
CD (0.05) 0.59 0.59 1.17
ST = Streptomycin (10pg/disc)

Table5. MIC(mg/ml) and MBC(mg/ml) of different solvent extracts of Tithonia diversifolia against susceptible bacterial species

Bacterial species PE CH ME

MIC | MBC | MIC | MBC | MIC | MBC
E. coli 156 | 156 | 313 313 6.2 6.2
E. faecalis 078 | 156 | 0.78 3.13 6.25 6.2
P. aeruginosa 313 | 6.25| 6.25 6.25 6.2 6.2b
S. aureus 078 | 156| 039 0.78 6.256 6.2
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CONCLUSION

Leaf extracts ofTithonia diversifoliashowed broad spectrum antifungal and antibactex@ivities, although
different solvent extracts showed differential effeeness against the tested microbial speciegsh&ustudies can
be made to identify the bioactive principles argbab exploit the products of this widely distriedtweed species.
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