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ABSTRACT

The antifungal efficacy oKhaya senegalensis (leaf and bark) extracts was tesiadvitro on three pathogenic
fungi of vegetables in Sokoto metropolis, at difer concentrations (1mg/1ml, 3mg/ml, 6mg/ml, 9mgamtl 12mg/ml).
The solvents used were water, acetone and Milkstgtd Water (MSW). The plant extracts were foundet@ffective in
reducing the growth of the pathogenic fungi. Acetamd MSW extracts were more effective in inhilgjitthe growth of
the test fungi than the aqueous extracts. MSW dstbrhighest percentage growth inhibition (83.0553@0) of
Aspergillus niger, followed by acetone extract (79.01+ 0.53%) andeaqys extract had no inhibitory effect. The realdb
revealed that acetone leaf extracts of the pladt dratifungal effect on growth dfl. racemosus (56.62+1.65%) and
Rhizopus oryzae (44.15+£0.52%). The results indicate that the dad bark extracts of the plant have antifungal erigs
and could be used for the management of growtlhese phytopathogenic fungi. MSW and acetone préwdze more
effective in reducing the mycelia growth of the duthan aqueous extract. MSW should be utilisedhassolvent for

extraction because of its effectiveness as extrgablvent and its availability at low cost.
KEYWORDS: Antifungal, K. Senegalensis, Plant Extracts, Pagimsg\VVegetables
INTRODUCTION

Plants have the ability to synthesize a wide varadtchemical compounds that are used to perforpoitant
biological functions as well as defence againshckttfrom predators. About 12,000 chemical compounalge been
isolated from plants. These are estimated to be tleen 10% of the total chemical compounds conthinethe plants
(Lichterman, 2004Tapsellet al., 2006). Chemical compounds in plants mediate tiééct on the human body through
processes similar to chemical compounds found nveotional drugs. Herbal medicines can thereforsdie to perform
similar work done by conventional drugs. All plaqpsoduce chemical compounds known as phytochemaslgart of
their normal metabolic activities. These phytocheats are divided into primary metabolites such @gass and fats,
which are found in all plants (Lichterman, 20043 aecondary metabolites compounds which are foudsimaller range
of plants (Tapselét al., 2006), serving a more specific function (Meskif02). Secondary metabolites have therapeutic
actions in humans. They can be refined to produags] examples are inulin from the roots of dahlégasnine from the
cinchona, morphine and codeine from the poppy, @digdxin from the foxglove (Meskin, 2002). Plantsntesize a
bewildering variety of phytochemicals, such as ques, flavones, flavonoids, flavonols, tannins andmarins. These
groups of compounds show antimicrobial effect aretves as plant defence mechanisms against pathogenic

microorganisms. Seasonal variations can affecthigmical composition of the plants and thus biaabactivity (WHO,
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2003). The geographical location of a plant capdafits active constituents, which may be inducgdnany factors like
climate, soil, propagation method, etc (Adoanal., 1997). Time of collection of plant parts alsfeafs its effectiveness
(Odugbemi, 2008). Successful determination of lgjiwally active compound from plant material is klsgdependent on
the type of solvent used in the extraction procedBroperties of a good solvent in plant extractimeiude low toxicity,
ease of evaporation at low heat, promotion of rgbigsiological absorption of the extract, presaweaaction and inability

to cause the extract to complex or dissociate (ldagh002)

Khaya senegalensis (Madachi in HausaQOganwa in Yoruba, anddno in Igho), is a savanna tree, easily recognised
by its round evergreen crown of dark shining fodiginnate leaves and characteristic round capdtlissa tree of 30 m
high and 3 m girth, with dense crown and short loolered with dark dry scaly bark. It is identified its slash dark pink
bitter yielding gum when wounded. The leaves havel airs of leaflets which are more or less &tlipround, obtuse or
shortly acuminate at apex; the stalks of leafletsdanm long (Keat al., 1989) K. senegalensis has attracted world-wide
attention for its high quality timber productionhd stem-back and leaves Kf senegalensis have been used in Northern
Nigeria in forms of decoction and concoctions fhe tcure of mucous diarrhoea, syphilis, pyrexia exadarial fever
(Olayinkaet al., 1992). Dried stem-bark is used externally far tteatment of skin affections (Grand, 1989). Theklof
the tree is very bitter and is extensively usedtfier treatment of fever and dressing ulcers orbtteks of sheep, camels
and horses. The flowers are used for treating sthndéseases, and as an ingredient in anti syphbyscriptions. The
plant is utilized ethno-medicinally as a remedy $everal human and animal ailments in northern fgéy the Hausa
and the Fulani tribes (Deeniand and Sadiq, 2002pNana, 1996).

The recurrent and indiscriminate use of fungicidage posed a serious threat to human health ahe texisting
human eco geographical conditions, as some of tlchemicals have already been proved to be eithdaganic,
carcinogenic or teratogenic. Many pathogenic migganisms have acquired resistance to synthetidcfubest (Whiteet
al., 2002). This seriously hinders the managemertisgases of crops and agriculture products. Mgjarfitfarmers in
Sokoto metropolis are peasant farmers and prastibsistence farming. Thus, they could hardly affivel high cost of
pesticides for managing and controlling the sprafadiseases in their farms. Keeping in view thee stffects of synthetic
chemical management of plant, the use of plantekin disease management is therefore gainingrieupee (Kiraret al.
2006; Okigbo, 2009).This paper therefore was intentd find a better alternative to the use of faiulgis through the use
of selected plant extracts which are widely beliet® possess natural bioactive products that arephgtotoxic, more
systemic and easily biodegradable (Gottlieb, 19883dily available and affordable at low cost. tdi¢ion, these plants
bioactive compounds are considered to be envirotatigrsafe for control and management of plant pgéms both on

field, in the market and in storage places.

MATERIALS AND METHODS

Collection of Plant Samples

Fresh leaves and bakhaya senegalensis already identified by the department of biologi€aiences, Usmanu
Danfodiyo University, Sokoto was collected from hiit the environment of Faculty of Science, washestdughly with
running tap water and then rinsed with distilledevaThe fresh plant material was air-dried undher shade. The dried
sample was pounded to obtain a powdered with the dfea pestle and mortar. The powder sample wa®dtin airtight
bottles till needed for use.
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PREPARATION OF THE PLANT LEAF AND BARK EXTRACTS

Aqueous Extraction

Aqueous extract was prepared using the method peBet al. (2007) slight modification. One hundred gram
(1009) of the powder samples was added to llitrdigiflled water to obtain a mixture. The mixturasmMeft to stand for
24 hrs, then filtered through double layered musloth and the filtrate was poured into a beaker evaporated on hot

plate oven at £&C. The residue for each sample, the extract, wers pneserved aseptically in bottles & %or further use.
Solvent Extraction: Acetone

The method of Alkhail (2005) was used with slighbdification for the extraction. One hundred grardQg) of
the powder samples of the plant was added sepatatdlitre acetone to obtain a mixture. The migtwas left to stand
for 24 hrs, then filtered through double layeredshimucloth and the filtrate was poured into a beaked evaporated on hot

plate oven at 4AC. The residue from sample, the extract, was thesepved aseptically in bottles &€5for further use.
Solvent Extraction: Milled Millet Steeped Water (FMMSW)

Millet fermented water production was carried oyt dvernight steeping of 2 kg of pearl milld?ehinisetum
glaucum) obtained from Sokoto Central Market. The steepewavas then discarded and wet milling of the migeains
was carried out. Water was added to the milled rizd$eto make thick slurry. The slurry was sievedemove chaff. The
slurry was allowed to ferment and sediment/decant2f-3 hours (Lei and Jakobsen, 2004). The liqoHayer was
separated from the sediment at the bottom-layee. lifjuid water collected in a 10 litre gallon asnfiented milled millet
steeped water (FMMSW) and allowed to stand foryasdeefore it is put into use. One hundred gram ¢) @ the powder
samples was added separately to 1llitre FMMSW tainlat mixture. The mixture was left to stand forhd, then filtered
through double layered muslin cloth and the fitratas poured into a beaker and evaporated on hte plen at 4T.

The residue from sample, the extract, was therepred aseptically in bottles aiGfor further use.
Culture Medium (Potato Dextrose Agar (PDA)

Potato dextrose agar medium was prepared accotdinganufacturer’s specificatio.hirty nine grams (399)
potato dextrose agar (dehydrated) was mixed witteldf distilled water. The mixture was boileddissolve particles and
then autoclaved for 15min at 121°C to get it S&&d. The pH was adjusted to 5.6 (BAM, 1998).

Antifungal Efficacy of the Plant Extracts on the Fungal Pathogens

The efficacy of each of the plant extracts wasetkstgainst three pathogenic funBhizopus sp, Aspergillus sp
and Mucor sp.) isolated from vegetable crops. This was doneugh the growth inhibition tesh vitro. Food poisoning
techniques as described by (Sangoyomi, 2004) wihtamodification was used to study the efficadyptant extracts on
mycelia growth of the test fungi using. 0.05 g,59,10.30g, 0.45g and 60 g of each of the plantaetdrwas separately
dispensed in sterile test tubes and dissolved ml Slistilled water to obtain mixtures of varying eeentrations. The
concentrations of each plant extract were 1%, 34, 6 and 12% respectively. Each of the concentrativas dispensed
per Petri dishes and 9ml of the media (molten PI¥A3 added to each of the extracts containing Bisties resulting in
PDA-extract mixtures. These were gently rotate@nsure homogeneous dispersion of the extractsterdallowed to
solidify. The PDA-extract mixture were inoculatedthe centre of the Petri dishes with a 4mm diametgcelia dish

obtained from the colony edge of 7-day old purdurak of each of the test fungi. Negative contkedse set up using
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blank agar plates (no extracts) and inoculated wiébh test fungus, and the positive control coedistf the fungicide
which was prepared according to the manufactudinéstion by dissolving 0.5g in 100ml of sterilestilied water. Three
replicate plates of PDA-extracts per isolates waranged in an incubation room at an ambient teatper 35+3C and

radial growth was measured daily for 7days.
Measurement of Growth (Diameter)

Colony diameter was taken as the means along treztiins on two perpendicular lines drawn on theerse
side of the plates. The effectiveness of the ekinas recorded in terms of percentage inhibitioer(® and Thapliyal,
1979).

Mycellial growanmoy— Mycellial growtheament)
% Myecellial inhibition = X 100

Myjtial growth (control)

Experimental Design and Statistical Analysis

Complete Randomized Design with three replicates wsed. The data obtained from the study weresttatily
analysed using the SPSS statistical version 16.dakee were subjected to analysis of variance (AND&Ad means were

compared by Duncan’s Multiple Range Test (DMRTp<®.05 significant level
RESULTS

The results of the study were presented in tabl@s All the plants extracts used were found to i§icemtly

reduce the growth of the fungal pathogens in vitro.
Antifungal Efficacy of K. Senegalensis (Leaf) on Fungal Pathogens

The inhibitory effect of acetone, aqueous and MM8&¥ttacts ofK. senegalensis leaf are shown on Table 4.
Acetone extract reduced the growth of all the fungathogens with highest inhibition on the growth A& niger
(84.730+0.59%), closely followed bylucor sp (56.62 +1.65%) and the least was observed @nthrof R. oryzae (44.15
+0.52%). Aqueous extract had no effect on growthrof of the test fungi while MMSW had inhibitoryfedt on mycelia
growth ofA. niger (84.96+0.59%) an®l. racemosus (18.59 +1.65%). Growth oA niger on acetone and MMSW extracts
did not differ significantly p<0.05. There was arsficant difference p<0.05 among the values olegrat different
concentrations of the extracts on growth inhibitiohthe pathogens. For growth & oryzae on the extract 12%
concentration had the highest inhibitory value 820168%, closely followed by 3% concentration 14£@468%, then 9%
concentration 14.07 +0.68%, 6% concentration wag h&.61+0.68% and the least was 1% concentratib@9t0.68%.
Concentrations 3% and 9% on one hand, and 6% andri%e other hand, are not significantly differgrt0.05.
Concentrations 9% and 12% are not significantlfed&nt on growth inhibition of1. racemosus with values 40.37+2.13%
and 39.38 +2.13% respectively. Highest inhibitoajue was observed in 9% concentration then, 12%twhias closely
followed by 6% concentration (24.31+2.13%), 3% a@ntcation was next (17.84+2.13%) and least intuhitior growth
of M. racemosus was observed in 1% concentration (3.46+2.13%)w#rdnhibition ofA. niger by the extracts at different
concentrations was observed to be significantlfedéht at p<0.05. 1% concentration recorded thadsginhibitory value
(57.34£0.77%), then 9% (56.92+0.77%), 12% was 1iB&t32+0.77%) and the least was recorded at 3%ectration
(55.32+0.77%). The interaction between the extoacti concentrations and the fungi was significaitt.@5.
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Antifungal Efficacy of K. Senegalensis (Bark) on Fungal Pathogens

The inhibitory effect of acetone, aqueous and MM@&¥ttacts ofK. senegalensis leaf are shown on Table 5.
Acetone extract had inhibitory effect on myceliawth of all the pathogens. Highest inhibitory effed the acetone
extract was observed on the growthfofiger with inhibition value of 82.21+0.53%, theM. racemosus with the value
27.40£3.72% and the least was 9.19+0.25arryzae. Aqueous extract had no effect on growth of tts¢ fiengi. MMSW
had no effect on the growth Bf oryzae but it reduced the growth ®4. racemosus andR. oryzae. Highest inhibitory effect
of MMSW was observed on mycelia growth A&fniger (83.09+0.53%) while 36.48+3.72 was the value reedrtbr M.
racemosus. There was no significant difference (p<0.05) agtire values recorded at different concentratidribe plant
extract on growth inhibition ofA. niger. 3% concentration had growth inhibitory value &.@+0.68%; 1 % had
55.67+0.68%; 6% had 55.53+0.68%; 12% had 54.51£6;68nd 9% had 55.11+0.68%1. racemosus had its highest
growth reduction at 9% concentration (38.23+4.80f4)Jpwed by 35.80+4.80% at 12%, then 32.43+4.8%% while
there was no growth retardation at 1% and 3% cdrations. The plant extract had slight inhibitoffeet on the growth
of R. oryzae at different concentrations. The highest inhibiteajue 7.83+0.32% was recorded 9% concentration, the
5.99+0.32% at 6%, next was 0.99+0.32% at 12%, gl by 0.50+0.32% at 3% concentration. There waisimbition of

growth at 1% concentration. There was significatgriaction between the extracts, concentrationgtanélingi p<0.05.

Table 1: Antifungal Efficacy of K. Senegalensis (Laves) on Fungal Pathogens

Factor Zone of Inhibition (%)
R. Oryzae | M. Racemosus| A. Niger
Extract
Acetone 44,15 56.6 2 84.73
Aqueous 0.00 0.00 0.00
MMSW 0.00 18.59 84.96
SEM% 0.52 1.65 0.59
Concentration (%)
1 10.99 3.46 57.34
3 14.42 17.84 55.37
6 11.6f 2437 56.5F
9 14.07 40.37 56.97
12 22.48 390.38 56.73
SEM% 0.68 2.13 0.77
Interaction *x *x *x

abcd. Means bearing different superscript alongstitmee column within subclass differ (p<0.05).
** (p<0.05)

MMSW- Milled Millet Steeped Water.

SEM- Standard Error Mean

Table 2: Antifungal Efficacy of K. Senegalensis (B&) on Fungal Pathogens.

Factor Zone of Inhibition (%)
R. Oryzae | M. Racemosus| A. Niger
Extract
Acetone 9.19 27.46 82.8F
Aqueous 0.00 0.00 0.00
MMSW 0.00 36.48 83.09
SEM+ 0.25 3.72 0.53
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Concentration (%)
1 0.00 0.00 55.67
3 0.50 0.00 55.68
6 5.99 32.43 55.53
9 7.83 38.23 55.1F
12 0.99 35.80 54 5F
SEM+ 0.32 4.80 0.68
Interaction *x *x *x

abcd. Means bearing different superscript alongsttree column within subclass differ (p<0.05).
** (p<0.05)
MMSW- Fermented Milled Millet Steeped Water.
SEM- Standard Error Mean
DISCUSSIONS

The mycelium growth of all the three fungal pathegevas reduced by the plant extractkofsenegalensis at
different degrees. That indicates that the plaiaek has the potentiality to reduce the growtltheftest fungi which also
suggests that the plant possess antifungal preperihat could be due to the high concentratiotanhins, saponins,
flavonoid and alkaloid present in both the leaf dnaalk extracts of the planTannin had been reported to prevent the
development of microorganisms by precipitating wial proteins and making nutritional proteins uai&able for them
(Sadipo, 1991). Saponin has been reported to lneamtifungal agents (Fluck, 1973). On the othandy alkaloids are
commonly found to have antimicrobial property (Ookdli et al., 1997) and flavonoids are shown to inhibit growth

microbes which are resistant to antibiotics (Linwenal., 1994).

The study indicated that there was a significaffedince in the antifungal activity of the extractimedium.
Aqueous medium was not as effective as AcetoneMiM&W media on their antifungal activity. This coub@ because
water is an inorganic solvent, therefore may notabke to effectively dissolve the bioactive compasimesponsible for
antifungal and antimicrobial activities in the tp&int. Acetone and MMSW on the other hand, aramimsolvents and for
that reason could dissolve the bioactive compouwtfixtively, thus have better antifungal activithe difference in the
antifungal activity of the plants parts may alsodoe to the differences in the solubility of thedwtive substances in the
solvents or presence of inhibitors against fungicitinciples (Anukwuorjiet al., 2013), this is in line with the reports of
Quasem and Abu-blan (1996); Amadioha (2000); Orif@D02); Okigbeet al. (2009); ljatoet al. (2010).

The result showed that the extent of inhibitionsmaiby the plant solvent extracts varied. The Egheduction
in mycelia growth of the pathogens was recordechfldMSW extract followed by Acetone extract and thast was
aqueous. The disparity in the level of efficacytte solvent extracts was in line with reports ofiényo and Ataga, 2007;
Fukunanget al., 2000; ljato, 2011; Okigbet al., 2009. The inhibitory effect of MMSW could be dieethe presence of
large number of viable lactic acid bacteria whigphin inhibiting the growth of microorganisms. MMSis a fermented
product which contains flavour and aromatic compsitoiomass proteins/amino acids, carbohydratesnins and other
products of respiratory/biosynthetic process liketit acid, ethanol, acetylaldehydes, pyruvic goidsch help in altering
the pH of the food to levels that do not favour ginewth of pathogenic microorganisms (Au and Fié@31; Bagheét al.,
1985; Steinkraus, 1996; Deshpande and Salunke, B#aumont, 2002; Annet al., 2003; Kaluiet al., 2009).
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The leaf and the bark extract of the plant hadhidiy activity on mycelia growth of all the thrgathogenic
fungi regardless of the extraction solvents and dbecentrations of the extracts, with the leaf aottrhaving higher
inhibitory activity. The disparity in the level doffficacy could be due to the presence of differphytochemical
compounds present in the plants. These phytochérarapounds differ in their ability to deter or cplately stop the
growth of the pathogens. This study is in line witle findings of Anukwuorjiet al. (2013) who reported that the
medicinal, pharmacological and antimicrobial valoéplants lie in their component phytochemicaleTesult indicated
that leaf extract was the most effective in termisaatifungal activity. This could be due to the tfahat leaves are
considered as the most important life giving pérthe plant body, as they carry out the procegshotosynthesis in order
to produce carbohydrate and a variety of compolikésoils and proteins which are utilised by thamtk to build up
materials for survival and reproduction, at the saime, animals also do use such materials for,fooedicines, dyes,

fibres, etc (Bareja, 2011), therefore, the leaved@aded with bioactive materials.
CONCLUSIONS

The growth of all the three fungal pathogens diffier their levels of inhibition by the plant exttaBIMSW was
the most effective extract for antifungal activitypsely followed by acetone and the least was aggiextract. The leaf
extract has higher inhibitory activity. The dispgrin the level of efficacy could be due to the gaece of different

phytochemical compounds present in the plants.
RECOMMENDATIONS

» K. senegalensis have the potentials for antifungal activities @&getable crop pathogens therefore it should be
utilised.

«  MMSW should be utilised as the solvent for extmttbecause of its effectiveness as extracting sblaed its

availability at low cost.
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