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ABSTRACT

Mycofloraofmixed maize grains and the newly developed Abeleehi and Obaatanpa varieties
and airspora in the Warehouse ofthe Ghana Food Distribution, GFDC, at Balduzzi, Kumasi have
been studied under normal and simulated ambient Environmental Relative Humidities (ERH’s)
representative ofthe Ghanaian conditions. Some importantphysical and processing characteristics of
normal stackbumed white and yellow maize (seed water absorption, swelling index, 1000-seed weight,
fermentation parameters) and gemination capacity of grains were also examined. To ascertain the
ability of Abeleehi and Obaatanpa varieties to absorb and desorb moisture in relationto the development
ofattendant resident fungi, the moisture sorption isotherm at ERH’s 55-95% were determined in
simulated humidity chambers. Finally results ofthe use ofaqueous, acetone and methanolic extracts
ofthe dry leaves ofZanthoxylum xanthoxyloides and the dry leaves and dry fruit ofKigelia africana
as biofungicides to control vegetative growth and sporulation ofimportant potential pathogenic fungi
(Paecilomyces carneus, P.puntoni, P.varioti, Curvularia lunata, Fusarium moniliforme and

Penicillium digitatum) residentin Abeleehi and Obaatanpa varieties are reported.

Fifteen different fungal species (Aspergillusflavus, A.niger, A.sulphureus, A.tamarii,
Penicillium brevicompactum, P.chrysogenum, P.citrinum, P.cyclopium, P.digitatum, P.glabrum,
P.oxalicum, Cladosporium herbarum, Fusarium moniliforme, F.roseum andMucor haemalis)
were isolated from maize grains obtained from the GFDC Warehouse at Balduzzi, Kumasi. Aspergillus
species (A.flavus, A.niger, A.sulphure-US, A.tamarii)and Penicillium species (Penicillium
brevicompactum, P.chiysogenum, P.citrinum, P.cyclopium, P.digitatum) predominated. The initial
fungal population in the mixed grain variety was 4.8 - 5.4 log [0CFU/g butthis decreased by 0.4 -1.3
log cycle after 2 months. There was no statistical difference (P< 0.05) between the population of
fungi isolated from grains sampled from the top, middle and bottom ofthe bagstacks. Aspergillus
flavus was Hie most predominant fungi encountered constituting41.7- 44.0% ofthe species followed
by Mucor haemalis (4.0 - 20.5%). BothA.flavus and M.haemalis occurred at all positions sampled.

Twenty four different airspora of fungi (Aspergillus flavus, A.clavalus, A.fiumigatus, A.niger,



A.ochraceus, A.parasiticus, A.sulphureus, A.tamarii, Penicillium chrysogemim, P.citrinum,
P.cyclopium, P.digitatum, P.expansum, P.italicum, P.oxalicum Paecilomyces carneus, Ppuntonii,
P.varioti, Cladosporium herbarum, Curvularia lunata, Fusarium moniliforme, Mucor haemalis,
Neurospora sitophila, Rhizopus oryzae) were isolated from the Balduzzi Warehouse. Species of
airsporathat were not foundinthe grains wereA.clavatus, A.ochraceus, Aparasiticus, A.fumigatus,
P.expansum, Paecilomyces carneus, Ppuntonij P.varioti, Curvularia lunata and Rhizopus
oryzae. Generally mycological mediaused and the method used in isolation influenced the profile of

fungal species encountered.

Thirty and 28 fungal species belonging to 13 generawere isolated from Abeleehi and Obaatanpa
varieties respectively, and they are being recorded for the firsttime in Abeleehiand Obaatanpavarieties.
The species diversity was influenced by grain variety, method ofisolation, mycological media used,
storage humidity and whetherthe grains were exposed in petri dishes orinwoven polypropylene sachets.
A.flavus was ubiquitous and was isolated from both Abeleehi and Obaatanpastored at 55-95% ERH
inboth open Petri dishes and in woven polypropylene sachets; Fusarium moniliforme was encountered
atERH’s 65-95% in open Petri dishes butnot at 65 and 75 ERH in woven polypropylene sachets.
Xerophilic species, like Aspergillus giganteus, P.carneus, P.puntoni and P.varioti were isolated at
55-65% ERH in both grain varieties. There was no statistical difference (analysis ofvariance P.< 0.05)
between germination capacity of Abeleehi grains stored in woven polypropylene sachets at ERH 55-
85%; seed germination was drastically reduced at 90 and 95% ERH after 2 months storage period.
Dataon grains kept exposed in Petri dishes to the same ERH’s were similar. The sametrend as above
was observed for Obaatanpa grains. The storage ERH influenced the length ofthe emerging radicles of
the germinating grains such thatthe higherthe incubating ERH, the shorter the length o fthe emerging
radicle. AtERH 95% radicle length was reduced by 39-69% (depending on the maize variety used).
There was however a significant (P< 0.05) difference between the higher radicle length recorded in
grains ofboth varieties stored inwoven polypropylene sachets than same grains exposed in Petri dishes

under the same ERH conditions.



Abeleehi and Obaatanpa vai-ieties showed the characteristic sigmoid water absorption patterns
ofmacromolecules. The equilibration period of grains stored at 65-85% ERH was 8-12 days; those
stored at 90-95% ERH continued rising while there was decrease in moisture content o fgrains incubated
at55% ERH for both grain varieties. Analysis ofvarianceto ascertainthe influence of ERH, Packaging
material (P), incubation period (1) and maize variety (V) on moisture sorption as well as the interaction
ofthese factors showed that P, | and V significantly (P< 0.05) influenced moisture sorption. Moisture
sorption by Obaatanpa was significantly higher than that of Abeleehi underthe same environmental

conditions.

Obaatanpavariety had a higher density (1000 - seed weightof273,9g) than Abeleehi (268.99);
stackbumed yellow (329.3 £ 5.4g) and white grains (275.3 + 2.1g). The moisture contentofstackbumed
grains (13.0 -13.5 £ 0.1%) did not differ significantly (P< 0.05) from the normal grains ofthe same
type (12.0-13.5 + 0.1). Seed length ofnormal white maize soaked for 48h. was 2-3% greater than
that ofstackbumed white maize. Swelling ofnormal yellow maize initially lagged behind that of
stackbumed samples butthis was reversed after 24h. soaking resulting in 1-2% increase in seed length
over that ofthe stackbumed yellow maize. Similar trends were observed for seed width and seed

thickness.

pH profile ofwet and dry-milled maize (normal and stackbumed) undergoing spontaneous
fermentation was generally similar at least during the first 24-48 h. attended by adrop inpH from initial
5.0-6.5to final pH 4.2 - 4.6. Steepwater ofnormal white maize was more acidic (pH 4.2 -4.3) than

stackbumed grains (pH 5.1 - 5.2) ofthe same grain variety.

Aqueous, acetone and methanolic leafextract of Zanthoxylum xanthoxyloides and leafand
fruit extracts ofKigelia africana obtained with the same solvents variably prevented or depressed
vegetative growth and sporulation by pathogenic fungi (Paecilomyces carneus, P.puntonii, P.varioti,
Fusarium moniliforme, Curvularia lunata, Penicillium digitatum) in maize meal media amended
with the extracts. The efficacy ofthe extracts in depressing vegetative growth ofthe test fungi can be

. ng order:



Methanol > acetone > aqueous (water)

Extracts ofleafofKqgfricana was more potent athigher concentrations than extracts obtained from its

own fruit or the leafofZ.xanthoxyloides. P.puntonii appeared to be the mostresistant fungus (among

the other test fungi) to the biofungicides.

Analysis ofvariance showed that the effectiveness ofthe plantextracts ofZ.xanthoxyloides and K. africana

in suppressing spomlation ofthe testfungi athigh concentration differed significantly and can be ranked as

follows in descending order:

Leaves of Z.xanthoxyloides > leaves ofK.africana > fruit ofK. africana.

Although each test fungus responded and behaved differently in vitro, a fortuitous condition is created in
which especially the methanolic extractnot only preventvegetative growth at higher concentration but also
prevent sporulation. The possible methods ofapplication ofthe results from this thesis are discussed and

further studies suggested.
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I. INTRODUCTIONAND LITERATURE REVIEW

Maize is one ofthe major cereal crop produced in the world for human consumption, animal feed,
industrial processing and as seed for the next growing season. World maize production is estimated to be
526,410 metric tonnes per kilogram per hectare, and that of Ghana is estimated to be 580 metric tonnes per
kilogram perhectare (FAO, 1992). Unfortunately, a large proportion ofgrains produced is lostthrough the
activities ofbiodeterioration agents. Losses occur at different stages inthe movementofgrains from the field
to the consumer either through improper handling and preservation or attack by insects and fungi and other
microorganisms. In West Africa, post-harvest storage losses due to insects attack and microbial spoilage is

estimated at 30 per cent (Adams, 1977) ofthe annual harvest.

Fungi are important spoilage microorganisms in stored foods because they are known to continue their
developmentatthe relatively low level of moisture atwhich most cereal crops are stored. Christensen (1964)
recognized two distinct groups among grain mycoflora, namely, field fungi and storage fungi based on their
moisture requirements and the stage atwhich they attack grains. Both field and storage fungi are reported to

be presentinthe food grain atthe time of harvest.

Field fungi invade grains or kernels while they are still developing onthe plantinthe field or after they
have matured before they are harvested (Christensen, 1957). At thatstage the moisture content of seeds is
high and their tissues are metabolically active. Field fungi may be pathogenic or saprophytic in nature and
major generarecorded are Alternaria, Cladosporium, Curvularia, Epicoccum, Fusarium and Verticillium
(Christensen, 1957; Malone and Muskett, 1964). Botryodiplodia theobromae, Fusarium moniliforme
and Penicillium sp. were recorded from maize left on the cob as field fungi (Broadbent 1967a, 1967b;

Oyeniran, 1972).

Storage fungi are adapted to a life without free water and several common species invade grains stored
with water contents of 13-18 per cent (Christensen, 1957). It has been established that storage fungi usually
do not invade before harvest (Christensen and Kaufmann, 1969; Christensen, 1971) butthey may be found
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on the seed invery low percentages, nevertheless, providing inoculum of storage fungi for attack during
storage (Tuite, 1959,1961; Qasem and Christensen, 1958). They may be present in the grain not only as

contaminants butas dormant mycelium within the tissues ofpericarp or seed coat (Warnock and Preece,

1971).

Among the field and storage mycoflora associated with cereal grain products, members ofthe genus

Aspergillus are the most predominant followed by Penicillium (Odamtten, 1981).

Therole ofstorage fungi in quality deterioration ofgrains although well documented (Christensen, 1957;
Christensen and Kaufmann, 1969; Lillehoj etal., 1976;) in the developed countries, there is insufficient infor-

mationregarding these fungi on maize in West Africaandthe role such fungi play in deterioration offood grain.

Generally, maize is stored when sufficiently dried. Inthe developing countries storage structures serve
both for drying and for storage. In Ghana the most widely used modes of storage are storage in the field,
farmhouse and storage huts (Neergaard, 1983). Variable traditional storage bins used in different sectors of
Ghanahave been collated and reviewed by Nyanteng (1972). In addition to these traditional storage struc-
tures, concrete, plywood, aluminium and butyl silos are mostly used. Some bulk grains are stored in either
ventilated or non-ventilated cement warehouses. Inthe cementwarehouses shelled maize usually injute and
recently in woven polypropylene sacks are stacked on wooden platform to raise the bags above the floor so
asto preventthe grain from absorbing moisture from the ground below. Bagstacks are usually placed away
from the walls and well below the roofing level to reduce grain damage due to condensation. Bagstacks may
also be kept outdoor for many months ifprotected under tarpaulins. Dry grain that becomes wet by rain or
condensation ofmoisture will heat. Heating may also be caused”insect infestation in either moistor dry grain.£
Recentadoption ofwoven polypropylene bags to replacejute for grain storage has introduced another type of
heating damage (stackbum) the cause ofwhich are notwell understood. There are instances in Africawhere
dried maize grains of moisture content 12.0-12.5% placed in woven polypropylene bags have heated during
storage. The internal temperature ofthe bags rose sharply beyond 40°C and much ofthe maize grains change
colourto alight or dark shade ofbrown after prolonged storage beyond 5 months. This browning, the cause
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ofwhich is not well understood is called ‘stackburn’. Cases ofmaize stackbum in Sub-Saharan Africa have
beenrecorded in Angola, Ghana, Mozambique, Malawi, Tanzania and Zimbabwe. In Ghana, 5 tackbum has

been reported in the Warehouses ofthe Ghana Food Distribution Corporation in Accra, Kumasi and Sunyani.

Studies have indicated that hermetic or airtight structures are better than non-airtight structures for grain
storage (Hyde and Okley, 1960). Butinsilos and storage bins under tropical conditions, even with 10% initial

moisture content, thennogenesis, discolouration ofgrains and fungal growth develop within weeks ofstorage.

In considering storage potential of grains, tire ambient equilibrium relative humidity (ERH) is an impor-
tantparameter as it determines the amountofwater available to microorganisms and hence anindication of
the biological activity or potential activity ofthe product (Ayerst, 1965). Above 75% ERH products absorb
moisture rapidly and fungi develop during storage, and heating ofthe product would produce subse-
quent deterioration and loss of quality. ERH below 75% is accepted as ‘safe’ for storage of food commodi-
ties eg. cereal grains. Moisture content in equilibrium with 70% ERH has been found to be ‘safe’ for most
tropical crops (Davey and Elcoate, 1965, Hall, 1970; Adesuyi, 1973). The maximum moisture content for

‘safe’ storage of maize is 12.0-13.0% for 1year and 1% for5 years (Ross etal., 1979).

Inrecentyears an increasing amount of attention has been given to sorption properties ofstored food
products with regard to their effect on the storage stability. Underthe Ghana Grains and Legume Develop-
mentProject, the agronomic performance ofmany improved maize varieties, including Obaatanpaand Abeleehi
have been studied. However, there is hardly any information on moisture sorption and mycoflora associated
withthe newly developed varieties, Obaatanpaand Abeleehi. The pertinent literature is replete with informa-
tion on the water sorption and desorption characteristics of cereal grains and their products (Chung and
PFost, 1967; Labuza, 1968; Multon et al., 1980; Odamtten and Langerak, 1980; Pixton and Warburton,
1971, Babbitt, 1949; Hubbard et al., 1957) and grain Legumes (McCurdy et al., 1980; Chhinnan and
Beuchat, 1985). Sorption isotherms are needed to assist in understanding the processing characteristics and

storage stability ofthe grain in question.



Inthe production of low-moisture cereal grains such as maize, the state of seedwater is important for both
processing and storage stability. Improvement ofmaize for industrial and nutritional quality has received
considerable attention ofmaize breeders over the years. Itistherefore necessary to study the processing and
storage quality ofany improved maize variety to ensure its acceptability by both farmers and consumers. The
utilization ofmaize in Ghana follows a variety ofprocessing procedures, including soaking, dehulling, grinding,
roasting, boiling, fermentation and gennination (Sefa-Dedeh, 1993). Therefore the performance of maize in
each ofthese processing unit operations should be fully understood to assess its optional utilization. Inthese
investigation”he germination capacity, soaking and fermentation properties of Abeleehi and Obaatanpa were/.-s
assessed. The studies included stackbumed and non-stackbumed white and yellow maize in order to docu-
ment the effectof  stackburn on the processing and physical characteristics ofthe grains. WouldTor
instanc/stackbumt maize absorb moisture and swells to a greater extent than the normal grain and if so what

are the advantages and disadvantages ofthis finding?.

Maize is processed by dry or wet milling and the products are used in a wide range offoods. The
degree ofseed water absorption and swelling are important, and these may be used by the food processor to
evaluate the acceptability ofthe grain (Sefa-Dedeh, 1993). Steeping does not only softens the grain, butthe
process has been associated with itswelling and the initiation ofcomplex biophysical and biochemical changes.
Sefa-Dedeh (1993) conducted extensive studies on processing qualities ofdifferent maize varieties - Aburotia,
Composite W, Diamantes, Dobidi, Dorke, Golden crystal, Hilysine, La Posta, Local, Mixican, Pool 16, Safita
and TZE SRW in Ghana. Based ontheirswelling properties, Local, Composite W, Dorke, Golden crystal,
Pool 16, TZE SRW, Aburotiaand Dobidi are the varieties classified as having high swelling index and there-
fore may be used by food processor. His studies did not include Abeleehi and Obaatanpawhich are being

assessed for the above-mentioned for the first time.

Traditionally, foods are fermented to preserve and increase their shelflife, to get rid oftoxic substances,
to impart special flavours and sometimes to increase their nutritional value (FAO, 1991). Despite the unhy-
gienic conditions under which many traditional foods are prepared from fermented maize dough, the products
areusually free from pathogenic microorganisms. This may be due to the proliferation of lactic acid bacteria
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and their production of lactic acid to increase the acid level ofthe dough. Unlike lactic acid bacteria, most
pathogenic microorganisms cannot thrive under high acid conditions (Bruner, 1951; Liggertt and Koffler,
1948). Nketia (1979) reported Lactobacillus plantarum, L.fermenlatum, Leuconosloc mesenteroides,
L.lactic and Pediococcus cerevisiae from maize dough as the lactic acid bacteriathat initiate and sustain the
fermentation. Aspergillus niger, A.flavus and yeast were isolated at the later part ofthe fermentation. The
role of microorganisms in fermented maize dough are well documented by many workers (Wayoe, 1987,
Mensahetal.. 1991; Fapohunda, 1989; Greene etal., 1992;Bothast, 1991). The steeping process gives the
impetus for fermentation microorganism to interact and produce chemical environmentthatpreclude the de-
velopment of pathogenic microorganism. Thus the steeping pH profile for the grains in this thesis were as-

sessed to see if difference in pH would be detected.

The use of chemical grain protectants to control insects and fungi in stored cereals is well known.
Application ofmethyl bromide, picrin, ethylene dibromide: methyl bromide (1:1) besides ammonia and sulphur
dioxide for control ofgrain fungi have been reported (Majumder et al., 1955; Ragunathan etal., 1969; Tsuranta
and Ishirava, 1966). For large scale fumigation, methyl bromide (1:3 at 32 g/m3 has proved to be effective
against insects and fungi when applied under tropical conditions. Unfortunately, there is increasing outcry
againstthe use ofchemical pesticides. Naturally occurring antifungal and antibacterial compounds in plants
have received much attention. Biological and phytochemical evaluation have also been carried outon many
higher plants. For example, Piper guineense dust or ethanol extract was found to be active inthe protection
ofmaize seeds from maize weevils. The amides isolated from P.guineense also possess antibacterial activity
(Okoro, 1991). The use ofpowdered plant parts as admixture with maize for the control ofinsect infestation
has been used by local traditional farmers. These include neem (Azadirachta indica), tobacco leaves (Nicotiana

tobaccum), sweet iris rhizomes (Acorus colamus) and debris tubers (Derris elliptica) (FAO, 1991).

The pertinent literature is replete with examples of several thousands species ofhigher plants with
biopesticide and biofungicide activity (Wahyouno et al., 1992). The need to evaluate- phytochemical con-
stituents and their biological activities is notonly important for the development ofnew therapeutic agents but
the novel chemicals isolated from plants with some biological activity provide a guide line to the chemistto
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synthesize useful semi-synthetic drugs (Mossa etal; 1983). The development ofsynthetic analogues from
naturally occurring compounds come only after the initial biological tests on crude plant extract is performed.

This has provided the basis for detailed phytochemical investigation and preliminary screening ofplants.

Anumber ofstudies dealing with the antimicrobial activity ofplant extracts have been reported by many
workers (Adebajo etal., 1991; Agbedahunsietal., 1993; Ferdous etal., 1992; Filho etal., 1993; Mehta et
al., 1993; Odebiyi etal., 1979; Rawat et al., 1992; Demetzos et. al., 1990; Sakar etal., 1988; etc.). The
antibacterial and antifungal effect o fessential oil from plants has been demonstrated by many workers (Batra
etal., 1985; Dikshitetal., 1984; Mehrotra, 1993; Odebiyi, 1985; Olokeet. al., 1988; etc.). For example,
leafextracts 0f21 species ofEucalvptus were screened for their essential oils. Antimicrobial assays showed
considerable inhibitory activity ofthe volatile constituents and the whole essential oil againstthe microorgan-
ismstested. The testfungi and the yeasts were generally more sensitive thanthe bacteriato the inhibitory effect
ofthe essential oil volatile constituents. This difference in activity was slighter when the whole essential oils

were investigated (Hajji etal., 1993).

The extracts of Hypericum tested by many workers contain hypericin, pseudohypericin, xanthones,
volatile oils, x-pyrone, hyperenon B, n-alkanes, n-1-alkanols and tannins (Sakar et al 1988). In addition,
alkaloids, steroids, lactones (Sakar et al 1988), flavonoids (Krishnappan and Scetharaman, 1992; Wollenweber,
1982), Cordiaquinones A and B (Filho etal., 1993), Coumarins (Tsitsa-Tzardi etal., 1992), Saponins (Shibata,
1977), anthranoids(Gundidza, 1986), apocarotenoids (Diallo et al., 1991), etc. have been detected and

tested for their antimicrobial activity.

Most plants contain secondary metabolites with peculiar individual properties and these constituentfmay
differ from one plant species to another. Because ofthis variation in chemical constituents, plantsdiffer in their
fungistatic and antibacterial activities. Depending on the solvent and the method used for extraction the yield
ofthe active compounds may vary. For example, Gopal et. al. (1992) found that chloroform extract o fVicoa
indicayielded vicolides, and essential oil by steam distillation of fresh plant (2g/1 5kg), n-Hexane extract of
Phelline comosayielded flavonoids, steroids and terpenes while ethyl acetate extractyielded alkaloids, phenolics
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and flavonoids (Adebajo etof., 1991). Odebiyi (1985) isolated citral, thymol and carvacrol as the active
compounds from the petrol extract of Jatropha podogrica and flavonoid compound 5-hydroxy-7,4*

dimetlioxyflavone from tlie methanol extract o fthe same plant.

In Ghanavery little work has been carried out on phytochemical screening of Ghanaian medicinal plants
fortheir antifungal activity. Inthis laboratory antifungal properties ofsome Ghanaian plantextracts has been
reported (Boateng, 1986;Myles, 1986; Otoo, 1987). Recently, Apetorgbor(1991) tested water and metha-
nol extracts ofnineteen Ghanaian plants belonging to twelve different families for their antifungal and antibac-
terial activities. Nine plants, namely, Zanthoxylum xanthoxyloides, Azadirachta indica, Alternanthera
pungens (repens), Cassiaroundifolia, Desmodium triflorum, Griffoniasimplicifolia, Oxalis corniculata,
Pergulariadaemia and Voacanga africana contained higher fungistatic activity againstthe vegetative growth
ofthe test fungi Aspergillusflams, A.niger, Nigrospora sp. and Sclerotium rolfsii, treated with aqueous and

methanol extracts ofthe plants forvarying period.

Owusu-Boaitey (1992) showed that methanol and water extracts ofAlternantherapungens (repens),
Azadirachta indica, Boerhavia diffusa, Desmodium triflorum, Oxalis corniculata and Zanthoxylum
xanthoxyloides depressed growth ofA.flavus, A.niger, Fusarium oxysporum, Helminthosporium sp. and

Sclerotium rolfsii.

The possible biofungicide activity oflocal plants against vegetative growth and sporulation ofPaecilomyces
specieswhichwere found to be pathogenic to the maize grains (Abeleehi and Obaatanpavars) by Minamore
(1995) have not beentried to date. As partofthe on-going research in this laboratory, acetone, aqueous and
methanol extracts oftwo local plants (Kigelia africana Benth. and Zanthoxylum xanthoxyloides Lam.,)
were tested for antifungal activity against three Paecilomyces species contaminating the newly developed
Abeleehi and Obaatanpamaize. There is hardly any information in the pertinent literature on antifungal poten-

tial ofK. africana in Ghana.

A ttsei  Kigelia africana has been”n traditional ethnomedicine in Ghanaand elsewhere. The fruits are reported
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to be used for dressing syphilitic sores and as purgative. The bark is used intreating rheumatism, dysentery
and venereal diseases (Anonymous, 1959,1986; Houghton et al., 1993). Small pieces ofthe fruitpickled in
vinegar are reported to increase appetite and remove constipation. Fruitdistillate is known to be very effec-
tive in removing kidney stones. The stones are reported to be crushed and pass out with the urine. Small
doses ofthe fruit distillate is used to cure diarrhoea, abdominal pain, hyperacidity and expelling of intestinal
worms (Sharmaetal., 1993). The rootis used as avermifuge and for treatment ofhaemorrhoids and rheuma-
tism (Irvine, 1961). In addition, anumber ofchemical compounds have been isolated from different parts of
the fruits (El-sayyad, 1982); naphthaquinones and lignan from wood (Govindachari etal., 1971), sterols,
coumarins, naphthaquinones and naphthaquinoids from roots (Inoue etal., 1981; Joshi etal., 1982); irodiods
specioside | (EI-Naggar et. al., 1980); verminoside Il and minecoside Il (Sticher et. al., 1979) from bark.
Most ofthese active constituents from some plants have been well documented in the pertinent literature for
theirantimicrobial activity. This pertinentinformation provides impetus for further screening ofKafricana for

antifungal potential.

Therapeutic application ofZ.xanthoxyloides include the treatment ofulcer, syphilis, fever, poultice,
conjunctivitis, laxative, anaemia, diarrhoea and whooping cough.ltsantifungal potential has been shown by
Apetorgbor (1991), Owusu-Boaitey (1992), and is known to contain benzoic acid derivatives, fagaridine,
chelerythrine, skinmianine, dihydro-chelerythrine and arterine (Torto et. al., 1969; Ampofo, 1983; Odamtten

et. al., 1983; Ayitey-Smith, 1989).

In this study mycoflora of local mixed maize stored in the Balduzzi Warehouse ofthe GhanaFood
Distribution Corporation were examined to ascertain the species offungi residentin the grains and their pos-
siblerole in spoilage and the shortening ofthe shelf-life ofthe produce. There is hardly any information in the
pertinent literature on the mycoflora ofthe newly developed Abeleehi and Obaatanpa maize variety and this
thesis provides first preliminary list ofresident mycoflora some ofwhich have been found to be pathogenic to
other maize varieties. In the concluding chapters of the thesis the possible use oftwo medicinal plants
Zanthoxylum xanthoxyloides and Kigelia africana as biofungicides to control Paecilomyces carneus,
P.puntonii, P.varioti, Curvularia lunata, Fusarium moniliforme and Penicillium digitatum were ex-

plored.
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Il. MATERIALS AND GENERAL METHODS
MATERIALS

(I)  Maize Varieties:
The following maize (Zea mays) varieties were used: Abeleehi, Obaatanpa; Local mixed white (non-
stackburned); Local mixed white (stackbumed); Yellow maize (non-stackbumed) and Yellowmaize
(stackbumed).
(1) Plant Materials:
Leaves and fruit ofKigelia africana Benth. (Family: Bignoniaceae) and leaves of Zanthoxylum
xanthoxyloides Lam. (Family :Rutaceae) used in these investigations were collected from Botanical
Gardens, University of Ghana on March 3rd 1994. The plant materials were solar-dried fortwo weeks
and then stored at 28-31 °C. The plants were selected on the basis oftheir known medicinal and
antimicrobial properties (EI-Said et al; 1970; Odebeyi and Sofowora, 1979; Apetorgbor, 1991;
Owusu-Boaitey, 1992).
(1)  TestFungi:
The test fungi used were Paecilomyces carneus (Duche et (Hein) A.H. Brown and G. Smith;
Paecilomycespuntonii (Vuilemin) Nannizzi, Paecilomyces varioti Bain., Penicillium digitatum Sacc.,
Curvularia lunata Boedjin. and Fusarium moniliforme Sheldon. These fungi were frequently iso-
lated from maize samples from the warehouse.
(IV) Chemicals:
All Chemicals used in the mediapreparations and the extraction of plant materials were distributed by
British Drug House, Poole, England and OXOID Limited, Basingstoke, Hampshire, England.
(V) Potato Tubers:
Tubers of Irish Potato (Solanum tuberosum L) used in the preparation ofthe Potato Dextrose Agar
medium were purchased from the Makola Market in Accra. They were stored in tire refrigerator until
needed.
METHODS
(a)  Airspora Assessment:

Petri dishes containing Oxytetracycline-Glucose-Y east-Extract(OGYE) and Sabouroud’s Dextrose

agar were exposed at different positions in Balduzzi warehouse, Kumasi for 5 minutes and then closed.
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The Petri plates were incubated at 28-31 °C for 7 days. The colonies that appeared were counted
after 3and 7 days. The species offungi isolated were identified by their morphological and cultural
characteristics using standard reference texts and identification manuals (Thom & Raper, 1945; Smith,
1960; Barnett & Hunter, 1972; Ramirez, 1982; Samson & Reenen-Hoekstra, 1988).

(b) Isolation ofMvcoflora of Stackbumed and Non-stackbumed Varieties:

(i) Blotter Method: A modified method ofTempe(1967) and Limonard(1966) was used. Ten
surface-sterilized grains and ten non-surface sterilized grains were placed on sterile Whatmans’s No. 1
filter paper in 9cm-diameter sterile Petri dishes. The grains were surface-sterilized with 2% sodium
hypochloride for 5-10 min. and rinsed in four changes of sterile distilled water. 250 grains ofeach
treatmentwere incubated at 28-31 °C for 5-7 days and the following quantitative assessment were
made.

tire percentage fungal grains infected.

the percentage occurrence ofindividual fungal species on the grains

the total number offungal colonies appearing on the grains.
(i)  Serial Dilution Method: About 10gofmaize samples were weighed into 250ml - Erlenmeyer
flasks containing 100ml ofdiluent (0.1% Peptone) and were shaken in a Gallenkamp Model Orbital
Shaker (100 rev./min.) for 30 minutes. Serial dilutions were prepared from the stock spore suspension
up to 1:105. Aliquots (1ml) ofeach appropriate dilutions were pipetted into 9cm - diameter sterile Petri
dishesand 20ml ofeither Dichloran 18% glycerol agar (D G 18) and Dichloranrose bengal chloramphenicol
agar (DRBC) added. Each plate was then rotated in a circular fashion to mix the agar medium and the
spore suspension thoroughly. There were four replicates for each dilution prepared and the plates were
incubated at 28-31 °C. Colonies appearing after 3 and 7 days were counted and the fungal population
(log <fug"lsample) were calculated employing conventional technique.
In both Blotter and serial dilution methods, the species of fungi were identified by their morphological
and cultural characteristics using standard reference texts mentioned in 2(a) above.
Germination Capacity Test:

Ten grains ofeach maize variety (Abeleehi and Obaatanpa) were placed on sterile Whatman’s No.l
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filter paper in sterile petti dishes. The filter paper was then moistened with 5ml sterile distilled water.
There were ten replicates which were incubated at 28 + 3°C fodays. Percentage seed germination”™ £
and radicle lengths were then recorded.

(d) Moisture Content Determination:
Moisture content ofeach maize sample was determined using the oven dry method. Samples ofthe
grains were ground using Moulinex Blender and 10gportions oftheir flour were dried in an electrically
heated oven (Gallenkamp oven 300, plus series) at 105°C for 24h and cooled in a desiccator and then
reweighed.

(e) Seed Water Absorption and Swelling:
The extent ofwater absorption and swelling by different maize varieties was assessed by soaking 100g
seed in 200mI oftap water at 30°C for up to 30h. The amount ofwater absorbed was expressed as
grains ofwater absorbed per 100g of dry sample (g/1 OOgdry seed).

(f)  SeedDimensions:
Hundred grains ofmaize sample were soaked in 200ml oftap water at 30°C and changes in seed width,
length and thickness were measured using amicrometer screw gauge (Mitutoyo Manufacturing Co.
Ltd, Tokyo, Japan) on 100 randomly selected kernels. The means and the standard errors were calcu
lated after measurements at 2h regular time intervals for up to 30h.

() 1000-Seed Weight:
1000 seeds were randomly selected from each maize samples and weight determined using electronic
balance (Precisa 300C, PAG OERLIKON, AG, ZURICH, Switzerland). Four replicates samples

were weighed and the mean weight and standard errors calculated.

(h)  Maize Dough Fermentation Profile and pH of Steep Water:
Dough was prepared from maize kernels using two methods:
(i)About 100gwhole maize kernels were soaked in 200m| water for 30Chand ground into flour using
a Moulinex Blender. The wet-milled maize flour was made into dough by adding 40ml oftap water.
(ii)Dry kernels were ground into flour and 80ml oftap water added to 100g ofthe flourto make a
dough.
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The dough was allowed to go through spontaneous fermentation for 3 days. The pH ofthe dough was
determined after 0,12,24,48 and 72h using apH meter (TOA pH meter, HM-60s. OSK-11478,
OGAWA SEIKO CO.LTD., JAPAN).

Changes in pH of steep water from whole maize kernels were determined after 0,1,6,10,15,20,24 and

30h.

Moisture Sorption Isotherms of Abeleehi and Obaatanpa:

Moisture sorption isotherms ofdried maize grains was determined by a standard method of Odamtten
and Kampelmacher (1986) using glycerol: water mixtures to provide Equilibrium Relative Humidity
(ERH) values 0f55,65,75,85,90 and 95%. The proportions ofthe glycerol: water mixtures used are
shown in Table 1.

Samples of maize grains kept in either woven polypropylene sachets or open Petri dishes were
exposed to the varying ERH (%) conditions (55:95%) in glass humidity chambers at 28 - 31°C. The
extent ofmoisture sorption by the grains was followed by determining the moisture adsorbed (as ex-
pressed on dry weight basis) initially and then by oven dry method after 0,4,8,12,24 and 36 days.
Percentage moisture content were then calculated.

Maintenance of Stock Culture:

Stock cultures ofthe fungi were maintained on Potato Dextrose Agar slants in Universal or Macartney’s
tubes. The isolates were sub-cultured every 2 weeks. Samples notready for use were stored in the
refrigerator until required.

Preparation of Plant Extracts:

Acetone, aqueous and methanol extracts were prepared from the leaves and fruit of Kigelia africana

and also from leaves ofZanthoxylum xanthoxyloides. The plant materials were solar-dried and ground into

powder using a Moulinex Blender. Ineach extract preparation 50g ofthe pulverized plant partwas used. The

aqueous extracts was made by placing 50g of appropriate blended sample in 500ml distilled water and then

strained with cheese cloth after shaking in an Orbital Shaker (150 rev/min) for 30min. The supernatant liquid

was filtered using a vacuum suction pump (Compton Vacuum Pump, Type D/351 Vn, England). The filtrate

was made up to 1000ml with sterile distilled water.
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TABLE 1

Glycerol: water mixtures and their corresponding Equilibrium Relative Humidities (ERH %).

ERH(%) CONC. ofglycerol (ml) Vol. ofwater (ml)
55 75 25
65 68 32
75 58 42
85 45 55
90 35 65
95 32 78
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Acetone and methanol extracts ofthe pulverized plant material was obtained using Soxhlet apparatus

(Plate la). The extract was then concentrated to dryness using Rotary evaporator (Eyela Model, Japan)

(Plate 1b) and stored in a refrigerator until required. A stock solution was prepared by suspending the

resulting residue in 1000ml sterile distilled water.

@

Culture Media:

Potato Dextrose Agar:

About200g ofpeeled Irish potato was thoroughly washed dismembered and boiled at 100°C for
15min. in 500ml ofdistilled water. The extractwasthen strained and made up to one litre with distilled
water; 20g Agar and 20g Dextrose were added.

Solid Medium

Maize Meal Agar medium was prepared from Abeleehi and Obaatanpa varieties. 500ml of

distilled water was added to 100g ofmaize flour and heated for few minutes without boiling and then
strained using vacuum suction pump. The supernatant filtrate made up to 1,000ml. 20g Dextrose and
20g Agarwere added. Acetone, aqueous (water) or methanol plant extracts were used in amending the
maize medium to obtain solid agar media ofconcentrations, undiluted, 1:1,1:2 and 1:5v/v dilution ofthe
extracts. The mediaprepared were heated in a water bath to melt the agar and then dispensed into
medicinal flats for autoclaving at 1.1kg/cm2(121 °C for 15min.)

Liquidmedium:

“Abeleehi” and “Obaatanpa” maize varieties were used in the media preparations. 500ml ofdistilled
waterwas addedto 100gofdry-milled maize flour and heated for few minutes without boiling, strained
and made up to 1,000ml; 20g Dextrose was added. The medium was then amended with acetone,
aqueous or methanol plant extracts to provide varying concentrations ofundiluted, 1:1,1:2 and 1:5v/v

dilution ofthe appropriate plant extracts.

250ml Erlenmeyer flasks containing 30ml ofappropriate dilution ofthe extracts were plugged with non-
absorbent cotton wool and then autoclaved ready for inoculation with 2mm discs ofthe test fungi.
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Plate 1a:  Photographs showing Soxhlet apparatus used for the acetone and methanol
extractions ofthe test plants (x /0.
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Plate Ib:  Photograph showing Rotary evaporator used for concentrating extract (acetone and
methanol) obtained with the Soxhlet apparatus shown in plate la.
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Method of Sterilization:

All media and distilled water used/sterilized by autoclaving at 1.1kg/cm2steam pressure (121 °C) forL A

15min.
All glassware were sterilized by heating at 160°C for 18h in an electrically heated oven (Gallenkamp

Model, Town & Mercer Ltd., Croydon, England).

All inoculations were done in the inoculating room under the Laminar Microflow Chamber. The air-
conditioner and the Laminar Flower Cabinetwere switched on for about 30min. to reduce air microflora
inthe room before inoculation was done. Inoculating pin, inoculating loop and corkborers were flame-
sterilized prior to use.

Assessment ofRadial Growth on Solid Medium:

About20ml ofthe appropriately amended medium was poured into 9.0cm diameter sterile Petri dishes
and then allowed to solidify. Two lines along two diameter were drawn atthe bottom ofthe Petri dishes.
Each plate was inoculated atthe intersection ofthe two diameters with 3-mm discs ofthe mycelium from
the growing edges of5-day old fungal culture. In the case of Penicillium digitatum the mycelium disc
was used intouching the surface ofthe Agar medium with plate held in inverted positions. This method
completely obviated the usual sprinkling ofpowdeiy spores on plate inoculated in the upright position.
There were four replicates for each dilution level. The unamended medium served as control.

The plates were incubated at 28 + 3°C and diameter of cultures were measured daily after inoculation
forupto 7 days. The experimentwas repeated and the percentage mycelial inhibition ofthe test fungi

calculated to determine the fungitoxicity ofthe extracts ofthe test plants.

Assessment ofVegetative Growth of Oven-drv Weight Method:

Vegetative growth inthe liquid cultures was assessed by determining the dry weight ofthe harvested
mycelium atthe end ofthe required period ofincubation. The mycelium was collected on apreviously
dried and weighed Whatman’s No.2 filterpaper and then dried in an electrically heated oven (Gallenkamp
oven 300, plus series) at 75°C for 24h. Filter papers carrying the dried mycelium was weighed after

being allowed to cool in a desiccator.
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Assessment of sporulation:

The degree of sporulation on the various media in Petri dishes was determined after 14 days. Four discs
10mm in diameter, were removed from each culture plate with No.8 cork borer from four symmetrical
positions equidistant from the centre ofthe culture. The mycelium from the four discs ofeach plate was
introduced into 10ml ofsterile distilled water in a Ma&ftney tube. The spores were detached by
stiiring. The suspension was then vigorously shaken for 15min. to dislodge the spores. The number of
spores per ml ofsuspension prepared from each plate was determined with a haemacytometer
(Gallenkamp B.S.748. Weber & Sons, Lancing, England). Datapresented are the mean of 150 counts

from four Petri plates.

Experimental Precautions:

(i) Glassware cleaned with detergents were rinsed several times with tap water to remove all traces
ofdetergent before air-drying.

(i) Petri plates were only half-opened when pouring media in order to avoid contamination.

(iii) Inoculating needles and loops as well as cork borers were flame-sterilizedjust before use.

(iv) The Laminar Microflow Chamber in the inoculating room was cleaned with disinfectant and switched

on for about halfan hour before use.

(v) Spores serving as inoculum for all experiments were always obtained from 5 days old cultures.

(vi) Filter papers with oven-dried harvested mycelium were conveyed to the balance room in a desicca-
tor to avoid absorption of moisture.

(V) Statistical Analysis:
The data, where necessary, were analyzed statistically using Analysis ofVariance (ANOVA) and

Ryan-Einot-Gabriel-Welsch Multiple Range Test for variable (SAS/STAT Users’s Guide, 1988).

Results are quoted as statistically significantat 5% (Ps0.05) level ofsignificance.
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lll. experimental procedure

A MYCOFLOR A OF MIXF/D MATZF, GRAINS FROM THE GHANA FOOD DISTRIBUTION
CORPORATION WAREHOUSE AT BALDUZZI. KUMASI.

The mycoflora ofany grain batch depends on source, handling, moisture content and the prevailing local
storage and environmental conditions. Inthis chapter the fungal floraofmixed maize grains purchased by
Ghana Food Distribution Corporation (GFDC), and stored in woven polypropylene sacks in GFDC ware-
house at Balduzzi, Kumasi were examined.

The details oftire methods used were spelled outunder section 2(a) of Materials and General Methods.
Data collected included airsporaand mycofloraofgrains. The species which were identified and their fre-

quency ofoccurrence are shown in Tables 2-$.

B. MYCOFLORA OF“ABFJFEHT AND “OBAATANPA” MAT7EVARIETIES STORED AT VARY*
TNG F.RH’S £55 - %5°T) FOR 36 DAYS AT 28 - 31°C.

The mycoflora associated with newly developed maize varieties, namely, Abeleehi and Obaatanpa
were studied. Samples ofthe maize grains from each variety were stored atambienttemperature and ERH’S
(55,65,75,85,90 and 95%) representative ofour local ambient conditions for up to 36 days with the view of
isolating and identifying mycoflora ofthe maize samples atthese varying ERH’S. The grains were keptin
either woven polypropylene sachets (12.0x8.0cm) or in open Petri dishes inside glass desiccators (27.5 X
26.0cm).

Direct plating and serial dilution techniques were used in the assessment ofresident mycoflora (see

Materials and General Methods). Results obtained are presented in Tables 7-15.

C. STTJDTF.S ON SOME PHYSTCAI,CHARACTERISTTCS OF SSTECTED MATZF.VARIETIES
Inthis chapter, seed water absorption and swelling, seed dimension, pH ofdough and steeping water,
germination capacity, seed-weight test and moisture content of Abeleehi and Obaatanpawere studied to
provide more information on both processing and agronomical performance ofthese improved maize varie-
ties. Tire methods used are spelled out in the Materials and General Methods Section.
For comparison purposes, the work was extended to include Local Mixed White (non-stackbumed
and stackbumed) and Yellow (non-stackburned and stackburned) maize.
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Results obtained are presented in Figs 1-9, Table 16 and Appendices 1-9.

D. MOISTIRF. SORPTION ISOTHERMS OF “ABELEEHI” AND “OBAATANPA" MAIZE
VARIETIES.

Soiption isotiierms, that plot the functional relationship between water activity and equilibrium water
contentofa food at constanttemperature and pressure, are used extensively to study the water binding
properties offood materials.

In considering storage potential, however, the ERH is ofprime importance, as it measures the avail-
ability ofwater to microorganisms and hence give an indication ofthe biological activity, or potential activity,
ofthe product (Ayerst, 1965; Jones, 1969).

In this chapter, samples of maize grains (Abeleehi and Obaatanpa) keptin either woven
polypropylene sachets or in open petri dishes were incubated at varying ERH’S (55-95%) inside glass
desiccators (27.5cm x 26cm) at 28-31 °C.

Moisture sorption isotherms ofthe two maize varieties was determined by a standard method out-
lined inthe Materials and General Methods using glycerol: water mixtures to provide Equilibrium Relative
Humidity (ERH) values of55,65,75,85,90 and 95%.

Results obtained are presented in Figs. 10-13 and Appendices 10-13.

E. VEGETATIVE GROWTH OF THREE PAF.CIT , OMYCF,S SPECIES IN MAT7E MEAT,BROTH
AMENDED WITH VARYING DILIJTTONS OF APIJEOIIS. ACETONE OR METHANOL
EXTRACT OF THE LEAVES OF Z XANTHOXYT,OIDF.S

A search fornew natural compounds in plants having potential activity against fungi and bacterial in
this laboratory and elsewhere (Sanuna, 1990, Apetorgbor, 1991; Owusu-Boaitey, 1992) is now the order
ofthe day.

In this chapter, dry leaves of Z xanthoxyloides were tested for possible antifungal activities against
three Paecilomyces spp; namely, P carneus, P. puntonii and P. varioti isolated from maize grains var.
Abeleehi and Obaatanpa.

Maize meal broth (using Abeleehi or Obaatanpa) was amended with either aqueous, acetone or
methanol dry leafextracts ofthe plantto provide varying concentrations (undiluted, 1:1, 1:2 and 1:5v/v

dilution). The unamended medium served as control. VVegetative growth by dry matter accumulation was
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assessed after 8 days by oven dry weight method (see Materials and General Methods).

Results obtained are presented in Tables 17 & 18 and in Plates 2 & 3.

F. RADIAL GROWTH OF THRF.F. PAECILOMYCES SPP. ON MAI7.F, MEAL AGAR
AMENDED WITH API [F.Ol IS. ACETONE OR METHANOL EXTRACT OF THE

T.FAVFS OF 7. XANTHOXYLOIDES

Investigations in Chapter E studied on the growth ofthe three Paecilomyces spp. in liquid medium
amended with the plant extracts to obtain varying dilutions ofthe extracts.

Vegetative growth ofmany fungi in liquid medium may differ from their growth on agar. In this chapter,
however, either aqueous, acetone or methanol extracts ofthe dry leaves ofZ xanthoxyloides were used in
amending maize medium (using Abeleehi or Obaatanpa) to obtain solid agar media of concentrations, Undi-
luted, 1:1,1:2and 1:5 v/v dilution ofthe extracts. The unamended medium served as control.

Radial growth ofthe three Paecilomyces spp. was measured along two diameters drawn on the bottom

ofthe Petri plates. Results obtained are presented in Figs. 14 & 15, Appendices 14& 19 and Plates 4 & 5.

G. VEGETATIVE GROWTH OF CURVULARIA LUNATA. FIJSARIIJMMONILIFORME AND

PENICILLIUM D1GITATUMYU MAT7.E MEAL BROTH AMENDED WITH VARYING
DILIJTIONS OF AQUEOUS. ACETONE OR METHANOL EXTRACT OF THE LEAVES OF

Z XANTHOXYLOIDES

Extracts ofsame plant parts may show varying degrees of repression on the growth offungal species if
they contain active antifungal ingredients. Studies in Chapters E and F were extended to include other impor-
tant storage fungi isolated from Abeelehi and Obaatanpa varieties.

Curvularia lunata, Fusarium moniliforme and Penicillium digitatum were used as test fungi. The
procedures adopted were same as described in Chapter E. Results obtained are summarized in Tables 19 &

20 and Plate 6.
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H. RADTAT.GROWTH OF C. L.TINATA. E MONILIFORME AND P. DIGITATIIMON MATZF,
MF.AT. AGAR AMENDED WTTH APTJEOIJS. ACRTONF. OR MF.THANOT. EXTRACT OF

THF. T.F. AVFE.S OF Z XANTHOXYLOIDES.

The same procedure was adopted as in Chapter F, but this time the test fungi were C. lunata, F.
moniliforme and P. digitatum. Radial growth was assessed by measuring along two diameters drawn on the
bottom ofthe Petri plates. Results obtained were presented in Figs. 16 & 17 Appendices 20-25, Plate 7;

Tables 21a-21fand 22a - 22f.

. VFGF.TATTVF, GROWTH OF THREE PAECILOMYCESSPV. TNMATZF, MF,AT-BROTH
AMENDED WTTHVARYING DTLUTTONS OF AQUEOUS. ACETONE OR METHANOL

EXTRACT OF THE DRY FRUIT OF KTGELIA AFRICANA

The experiments reported in Chapters E - H were repeated, this time using dry fruitofK. africana
(Bignoniaceae). In this chapter the procedure used was same as in Chapters E & G.

Three Paecilomyces spp. (P. carneus, P. puntonii and P. varioti) were used as test fungi.

Results obtained are presented in Tables 23 & 24

J. RADIAL GROWTH OF THREE PAECILOMYCES SPP. ON AGAR AMENDED WTTH
AQUEOUS. ACETONE OR MFTHANOT,F,XTRACTS OF THF, FRTITTOF K AFRICANAX
The growth assessment method used in this chapter were the same as those described in Chapters

F&H. Would the extract ofK. africana depress radial growth ofPaecilomycesto the same or greater extent

thatwhat existed with the leafextract ofZ. xanthoxyloidesl Results obtained are presented in Figs 18& 19

and Appendices 26 - 31.

K.  VEGETATIVE GROWTH OF C LUNATA. F. MONILIFORMEAND P DIGITATUM”AMATZF
MEAL BROTH AMENDED WTTHVARYING DIT,TITTQNS OF API TROTIS. ACETONE OR

METHANOL EXTRACT OF THF,DRY FRTJITOF K. AFRICANA.

The experiments in Chapter | were repeated. C. lunata, F. moniliforme and P. digitatum were used
astestfungi. Dry matter accumulation was assessed by oven dry weight method (See Materials and General
Methods).

22



Results obtained are presented in Tables 25 & 26.

L. RADTAT, GROWTH OF C LUNATA. E MONILIFORME AND P. DIGITATUM ON AGAR
AMENDED WITH API IEPI'IS. ACETONE OR METHANOL EXTRACT OF THE FRUIT

PF K AFRICANA.

To ascertain whether C. lunata, F. moniliforme and P. digitatum would be inhibited by K. africana,
the experiments in Chapter K were repeated this time growing the test fungi on agar medium instead ofin
broth. Differences in growth rate on agar and in liquid broth medium have often been detected in many
investigations. Inthis chapter radial growth was assessed on agar medium amended with varying dilution of
tire extract as in Chapters F, H and J.

Figures. 20 & 21; and Tables 27a - 27f & 28a - 28fand appendices 32-37 summarize results ob-

tained.

M. VEGETATIVE GRPWTH PF THREE PAECILOIVLYCESSPECIES TNMAIZE MEAT.BRPTH
AMENDED WITH API IF-OS. ACF.TPNF,PR METHANPI,EXTRACT PF THE, | EAVES PF

K. AFRICANA

Inthe preceding Chapters (E - L), it was observed that the inhibitory effect ofthe plant extracts on the
testfungi was variable. It was anticipated that there will be variation inthe active ingredients available from
other parts ofthe same plant. In this chapter sun-dried leaves ofKigelia africana were used to provide the
potential active principles againstthe testfungi. ~ The same procedure as in Chapter E was adopted and

results are presented in Tables 29 & 30.

N. RADIAL GRPWTH PF THREE PAECILOMYCESSPP. PN AGAR AMENDED WITH
ACPUEPIJS- ACETPNF, PR METHANPI. EXTRACT PF THE LEAVES PF K AFRICANA.

The inhibitory effect of varying dilutions ofthe extract ofthe leaves ofK. afi'icana ongrowth ofthree
Paecilomyces spp. were assessed along two diameter as in Chapter F.

Results obtained are presented in Figs.22 & 23; Appendices 39-43 and Tables 31a - 31f.
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0. VFGFTATTVF. GROWTH OFC IJINATA. F. MONILIFORME AND P. DIGITATUMTN MAIZE
MEAT.RROTH AMENDED WTTH AQUEOUS. ACETONE OR.METHANOL EXTRACT OF
THE TEAVES OF K AFRICANA.

The three fungi, namely, C. lunata, F. moniliforme and P. digitatum were cultured in maize meal broth
amended with either ctqueous, acetone or methanol extracts ofthe leaves ofK. africana. Dry matter accu-
mulation ofthe mycelium after 8 days at 28 - 31°C was assessed by oven dry weight method (see Materials

and General Methods).

Results obtained are presented in Tables 32 & 33.

P. RADTAT. GROWTH OFC LUNATA. F. MONILIFORME AND P. DIGITATUMCM AGAR
AMENDED WITH APIIE01JS. ACETONE OR METHANOL EXTRACT OF THE LEAVES
OF K AFRICANA.

The aqueous, acetone and methanol dry leafextracts ofK. africana weretested for IUrability to depress
radial growth of C. lunata, F. moniliforme and P. digitatum on agar medium amended with the varying
dilutions ofthe plant extracts. The methods employed mid the radial growth assessmentwere the same as in
Chapter F.

Results obtained are presented in Fig.24 & 25; Appendices 44-49 and Plates 8 & 9.

Q. CPMPARATIVF, FTINGTTOXTCTTY OF EXTRACTS OF T,EAVES OF Z XANTHOXYLOIDES
AND THE FRUIT AND T,EAVES OF K. AFRICANA ON RADIAL GROWTH OF SIX TEST
FUNGI.

The efficacy ofthe various extracts ofthe plantparts in depressing ofradial growth ofthe six test fungi
were compared. Fungitoxicity was estimated using the method ofMisr aand Dixit (1977).

The percentage ofmycelial inhibition was calculated from the mathematical relationship:

% Myecelial Inhibition (MI) = dc - dt
x 100
dc
dc = diameter of culture in control medium

da = diameter ofculture inamended medium
The experiments in Chapters F,H,J,L,N & P were repeated and % Mycelial Inhibition were calculated
for each fungal species tested in either the aqueous, acetone or methanol extract ofthe indicated plants.

Results obtained are presented in Tables 34 and 35.
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R. INFIAIF.NCF, OF TTHF.PIMMANT F.XTRACIS OF THE | FAVF.S OF Z X4NTHOXYLOIDES
AND THF. FRTJIT AND T.FAVF.S OF K AFRICANA ON SPORULATION OF THE TEST

FUNGI.

The “active” principles in tire plant extracts used in Chapters E - P variably depressed vegetative
growth by dry matter accumulation and radial growth on agar. Owusu-Boaitey (1992) showed that vegeta-
tive growth and sclerotia formation by Sclerotium rolfsii on agar and in liquid medium was completely
suppressed by methanol extract of Cassia alata.

Would the active principle in Z xanthoxyloides and K. africana also prevent sporulation ofthe test
fungi? The experiments in Chapters F,H,J,L,N and P were repeated. The incubation period was extended
to 14 daysto allow for possible sporulation ofthe test fungi. The details ofthe experimental procedure are
spelled out in section 2(P) ofthe Materials and General Methods.

Results obtained are presented in Tables 36-41.
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IV. RESULTS

A. MYCOFLORA OF MIXED MAIZE GRAINS VARIETIES FROM THE GHANA FOOD
DISTRIBUTION CORPORATION WAREHOUSE AT BALDUZZI. KUMASI.

The total number of fungal colonies on non-sterilized grains increased by 13-19 colonies after 2 months
storage (Table 2). However, the fungal species resident in the surface-sterilized grains also increased by 6-10
colonies during the same period. The corresponding initial population offungi recorded in tire grains was 4.8-
5.4 logqcfugr’) and this decreased by 0.4-1.3 log cycles after 2 months (Table 2). There was no statistical
differencekmtjif:e-ldata collected from top, middle and bottom of stack in the warehouse. OGY E was marginally
bettermedium for fungal isolation than Sabouraud’s Agar.

Aspergillusflavus was the most predominant fungal species appearing on whole grains by the Blotter
Test method (Table £5. Mucor haemalis lilc8A. flavus occurred at all positions sampled, constituting 4.0-
20.5% ofthe species encountered (Table 6). The species diversity of mycoflora isolated varied with the
position ofsampling and whether the grainjwere surface-sterilized or not.

Rather curiously, the species diversity on grains obtained by the decimal dilutiontechniques (Table 4)
varied from what existed in the direct plating method. However, inspite ofthese variation A.flavus was the
mostpredominant species (24.2-38.1%) isolated followed by M. haemalis (3.4-21.4%). The use oftwo
media enabled one to isolate a wider range of fungal genera and species (Table 4).

Twenty four different species offungal airspora (Table 5) were isolated from the warehouse at Balduzzi
(depending on sampling location and media used). A.flavus was isolated nearly throughout the 2 months

storage period, followed by M. haemalis.

Aspergillus species predominated (A. clavatus, A. flavus, A. fumigatus, A. niger, A. ochraceus, A.
parasiticus, A. sulphureus and A. iamarii) followed by Penicillium (P.chrysogenum, P. citrinum, P.
cyclopium, P. digitatum and P. expansum). Species ofairsporathat were not found in the grains were A.
clavatus, A. ochraceus, A. parasiticus, A.funigatus, P. expansum, Paecilomyces carneus, P. puntonii,
P varioti, Curvularia lunata and Rhizopus oryzae.

The total number of colonies of the airspora are presented in Table3. Again OGYE was a better

medium than Sabouraud in this instance.
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TABLE 2

Total number ofcolonies and total population (logcfu/g sample) on whole mixed maize variety
kernels during two months (Nov - Dec. 1993) storage atthe GFDC Warehouse at Balduzzi,
Kumasi.

Period of sampling Total no. of colonies Total fungal population (loglOcfii/g)
(months) onwhole grains
Media used

Top Middle Bottom Top Middle Bottom

17 13 15 OGYE 54 53 50
0 (20) (25) (23) SAB 5.2 51

25 23 21 OGYE 5.0 3.9 39
2

(39) (41) (36) SAB 43 3.8 3-5

kev: () non-surface-sterilized OGYE: Oxytetracycline - Glucose Yeast
grains Extract Agar

SAB: Sabouraud’s Agar
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TAJLLE 3

Airspora (total no. offungal colonies) isolated from Ghana Food Distribution (GFDC) Warehouse at Balduzzi.

Kumasi for two months (November - December 1993).

f&sessmeat ~se4>m 7c>tal no' >faplcy'esfa™ exposed at indicate positions of.
(months) maiie- Slacks
Top Middle Hoi (oni South Lvnsi W sl North
00Yl-; 56 23 25 S2 11 25
Initial (o)
sab 9 ii iX i> i; in
0GYI17, 2'l 7 112 19 77 67 -1
B 4| 4 & u 7 r %
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T ART.F, 4

Frequency ofoccurence ofindividual fungal species isolated with indicated media from mixed maize grains
stored at Balduzzi Warehouse for 2 months at 29-32°C and ERH 44-55%

Fungus

recorded

A flavus

A. niger

A. sulphureus
A. tamarii

P. citrinum

P. chrysogenum
P. cyclopium

P. digitatum

P. glabrum

P. oxalicum

F. moniliforme
Mucor haemalis

Yeasts

Nil

% Frequency of occurence of indicated species at

Top Middle Bottom
OGYE SAB OGYE SAB OGYE SAB
38.0 24.2 34.2 17.9 37.0 381
120 138 132 89
18
14.0 53
4.0 138 171 11 28.6
3.4 10.7 7.4 9.5
16.1
17.2 79
23.2
80 34
120 208
120 3.4 7.9 214 14.8
145 3.7 23.8
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Table 5. Fungi constituting the airspora in the GFDC Warehouse at Balduzzi, Kumasi from November-December 1993 (ERH's 44.0-55% and 29-32°C.

Sampling Location

Fungi Top. Middle Bottom South East West North
Species OGYE SAB OGYE SAB OGYE SAB OGYE SAB OGYE SAB OGYE SAB OGYE SAB
0 2 0 2 0 2 0 2 02 02 02 02 0 2 0 2 02 0 2 0 2 02

Aspergillus - - - - . - - .. . .. +
clavatus

A.. flavus Foov o+ 4 o+ o+ 4 i + + + o4+ + . + + o4 + + I + +
A. niger - -+ -4 - - + - - -+ + + + + +
A.ochraceus - - -+ - - -t .. 4

A..parasiticus - - - + - - . +
A. fumigatus + . + o o ' "

A.siilplmreus - + + - . H - s +

A. tamarii + . +

Aspergillus sp. + +

Penicillium + + + + + P +
chrysogenum

P. cilrinum . + .. + + + +
P. cyclopiutn + +

P. digitatum - + + + . . + + + +

P. expansum S . + - +

P. oxalicum + B . + .- + - -t + +



TableSCont'd.
Fungi constituting the airspora in the GFDC Warehouse at Balduzzi, Kumasi from November-December 1993 (ERH's 44.0-55% and 29-32°C.

Sampling Location

Fungi Top Middle Bottom South East West North
Species OGYE SAB OGYE SAB OGYE SAB OGYE SAB OGYE SAB OGYE SAB  OGYE SAB
0 2 0 2 0 2 0 2 0 2 0 2 0 2 0 2 0 2 0 2 0 2 0 2 0 2 0 2

Paecilomyces - - - + - - +
carneus

P. pimtonii - - - - - - - - - - - + - - - - - - - -+
P. varioti
C. herbarum - - - - - - - - - - - - - - -+ - - -t - - -+

Cwvularia + o+ - -t
lunata

Fusarium - + - +
moniliforme

Mucor haemalis + + 4+ + + o+ + 4+ + o+ + + 4+ + - + + - + -

Neurospora + - + - + + + - + + - + + + + - + - + +
sitophila

Rhizopus oryzae - + - - +

+ : Fungus species recorded

- :Fungus species not recorded
o :Initial month

2 : After 2 months



TABLEG®G

Percentage occurence ofindicated individual fungal species on whole mixed maize kernels from Balduzzi

Warehouse using the Seed Health Blotter Testat 26 - 32°C (Grains were stored from November - December

1993).

% Occurence of indicated species on whole kernel from

Fungus
recorded Surface-sterilized Non-surface sterilized
Top Middle Bottom Top Middle Bottom

Aspergillusflavus 44.0 435 42.9 46.2 415 417
A sulphureus 17.4 14.3 9.8 111
A. tamarii 43 95
Penicillium brevicompactum 4.3 9.5
P. citrinum 16.0 438 51
P. cyclopium 16.0 13.0 11
P. glabrum 102 14.6 139
Cladosporium herbarum 16.0 9.8
Fusarium moniliforme 128 73
Fusarium roseum 51
Mucor haemalis 4.0 174 19.0 20.5 17.0 16.6
Yeasts 5.6

Nil
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B. MYCOFT ,OR AOF “ABET .FFHT” AND “OBAATANPA” MAIZE VARIETIES STORED A |

VARYING ERH’S r55-95%~>FOR 36 DAYS AT 28-31°C

The species of fungi that were encountered varied (Tables 7 and 8) depending on maize variety, the
method ofisolation, the storage humidity and the media used in isolating the resident fungi. The packaging
material also influenced the profile offungi encountered (Table 9a & b, Tables 10a& b).

Forexample, using the direct plating method, A.flavus was ubiquitous and was isolated initially and
after 2 months from Abeleehi and Obaatanpa grains stored at 55-95% ERH in both open Petri dishes and in
woven polypropylene sachets. Fusarium moniliforme was encountered atall ERH’S 0f65-95% in open
Petri dishes (Table 9a) but not at 65 and 75% ERH in samples stored in woven polypropylene sachets (Table
9b). Penicillium sp. 1was isolated initially from both Abeleehi and Obaatanpavarieties butwas not encountered
thereafter in Abeleehi grains stored in open Petri dishes as compared to its isolation atall ERH’S (55-95%) in
grains stored in woven polypropylene sachets (Table 9b). Penicillium sp.1could notbe isolated in Obaatanpa
grains stored at ERH’S 55-95% for 2 months (Tables 10aandb).

Xerophilic species like A. giganteus occurred at low ERH of 65% in Abeleehi variety while
Paecilomycespuntonii and P. carneuswere isolated at 55.-65% ERH in both grain varieties (Tables 7 and
8). Penicillium digitatum was not isolated from Abeleehi at all ERH’S used (Tables 9a & b) but was
encountered at ERH 90% in Obaatanpagrains (Tables 10a & b).

The serial dilutiontechnique enabled one to encounter a wider spectrum offungal species which were

isolated on two different media. Speciesthatwere notisolated by the directplating method butappeared in
the serial dilution method are:
A. terreus, A. ustus, A. wentii, Emericella nidulans, P. nigricans and Paecilomyces varioti. Curiously, F.
moniliforme was notencountered in the serial dilution method using Abeleehi grains (Tables 11a & b) butwas
present in Obaatanpa grains at ERH’S 55-85% exposed in Petri dishes butnotin the same grains keptin
woven polypropylene sachets (Tables 12a & b).

Total number ofcolonies in grains (direct plating) and total fungal population (by serial dilution) was
higher in maize varieties stored/fexposed)thantire same grains kept in woven polypropylene sachets (Tables 13
& 14). Dataon surface-sterilized grains give anideaaboutthe residentmycoflorainthe grainswhile information
obtained with non-surface sterilized grains reflects the surface contaminants (Table 15) aswell.
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TABLEY7Y

Jst of fungi isolated by serial dilution technique and direct plating of ‘Abeleehi’ maize variety
itored at Equilibrium Relative Humidities representative of the Ghanaian ambient conditions for 2

nonths.

Aspergillus candidus Link ex Fr. 256

A.flavus Link Fr. °234:6

i.fumigatus Fresenius °--23456

i.giganteous WehimerQ2

4. nigerWanTieghem 0123456

A.ochraceus Wilhelm,2456

A.sulphureus (Fres.) Thom and Church °--2356
A.tamarii K ita2346

A terreus Thom b

A ustus (Bainer) Thom and Church45

A wentii Wehmerl

Cladosporium herbarum (Persoon: Fries) Link “-'A3456
Curvularia lunata Boedjenu
Emericellanidulans (Eidam) Vuillemin 12446
Eurotium sp. 23456

Fusarium moniliforme Sheldon0:23456

Mucor haemalis Wehmer f. hiemalis2345
Neurosporasitophila (Montagne) Saccardo0
Penicillium brevicompactum Dierckx °23456
P.citrinum Thom °-13456

P.cyclopium Westling23456

P.digitatumO

P.expansum Link ex S.F. Gray °A5

P.glabrum (Wehmer) Westling w3456
P.nigricans Bainer u

Penicillium sp.0123456

Paecilomyces carneus (Duche’ et Fleim) A.H. Brown et G. Smith0J2
P.puntonii (Vuillemin) Nannizzi%23

P.varioli Bainer 3

Rhizopus oryzae West and Prinsen Geerlings246

Key: O, Initial 1:55%ERH; 2:65% ERH; 3:75% ERH; 4: 85%ERH; 5:90% ERH; 6:95% ERH.
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TABLES
Listoffungi isolated by serial dilution technique and direct plating of ‘Obaatanpa’ maize variety
stored at Equilibrium Relative Humidities representative ofthe Ghanaian ambient conditions for

2 months.

Aspergillus candidus Link ex Fr. 145

A. effusus Tiraboschi0£235

A.flavus Link. Fr. 123456

A.Fumigatus Fresenius 012345

A.niger Van Tieghem 0123454

A.ochraceus Wilhelm 256

A.tamarii Kita ',3456

A.versicolor (Vuillemin) Tiraboschi23456
Aspergillus sp.6

Chaetomium sp.0t56

Cladosporium herbarum (Persoon:Fries) Link012356
Curvularia lunata 0

Eurotium sp.3456

Fusarium moniliforme Sheldon0-123456
Penicillium brevicompactum Dierckx 0,1,2,3,4,5,6
P.citrinum Thom 0123456

P.digitatum Sacc. °5

P.expansum Link ex S.F. Gray 0456

P.funiculosum Thom °"-3456

P.glabrum (Wehmer) westling 2345e

Penicillium sp.10

Paecilomyces carneus (Duche’ et Fleim) A.H. Brown et G. SmithQ12
Paecilomycespuntoni' (Vuillemin) NannizziQ12
P.varioti BainerQl

Rhizopus oryzae West and Prinsen GeerlingsQ12

Scopulariopsis brevicaulis (Sacc.) Bainer146

0,Initial 1:55%ERH; 2: 65%ERH; 3: 75%ERH; 4: 85%ERFI;5: 90%ERH; 6:95% ERH

35



Table 9a. Record of individual fungal species isolated by direct plating (Blotter method) from Abeleehi variety
stored (in open Petri dishes) at ERH’s 55-95% for 2 months at 28-31°C.

% Occurrence of indicated individual fungal species at ERH’s (%)

Fungal Initial 55 65 75 85 90 95
Recorded SS NS SS NS SS NS SS NS SS NS SS NS SS NS
Aspergillus 16 0.9 40.5 439
candidus

A. falvus 283 34.0 472 763 448 66.7 86.0 65.5 73.1 452 50.0 7.1
A. fumgatus 2.7 33 172 6.3 22.2 2.3 6.9 3.0 226 120 21.6

A. niger 132 185 6.8 87.3 6.9 35 6.0 0.9 17
A. ochraceus 8.2 3.4 16 3.2 2.2

A. sulphureus 3.6 7.4
A. tamarii 12

Cladosporiwn 7.4 7.5 3.4
herbarum

Curvidaria 2.0 8.2

lunata

Eurotium sp. 8.5 7.1
Fusarium 17.2 16.7 35 13.8 3.0 3.2 11.1 108 144
moniliforme

Mucor 6.9 6.3 111 23 10.3 3.0

haemalis

Penicillium 16.1 9.0 2.8 10.2 11.1 1.2 9.0 15.1 8.3
brevicompacliim

P. cilrinum 25.6 6.9 7.6 29 2538 83 122 7.0
P. expansum 4.0 2.4 0.4

P. glabrum 11.0 135 11.7

Penicilliumsp.1 8.5 10.3

Paecilomyces 12.9 2.0
carneus

P.pmtonii 4.0 5.2 1.3 2.1

Rhizopus 14
oryzae

SS: Surface sterilized
NS: Non-surface sterilized
Nil
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Table 9b. Record of individual fungal species isolated by direct plating (Blotter method) from Abeleehi variety

stored (in open Petri dishes) at ERH’s 55-95% for 2 months at 28-31°C.

Initial
NS

Fungal
Recorded SS

Aspergillus
candidus

A. flavus 318 333

A. fumigalus

A. niger 400 200

A. ochraceus
A. sulphureus
A. tamarii

Cladosporium

herbarum 3.7

Curvularia 6.0

lunata
Eurolium sp.

Fusarium
moniliforme

Mucor
haemalis
21.0

Penicillum 3.2

brevicompactum

P. cilrinum 154 25.1
9.0

81

P. glabrum 9.0

Penicillium 5.9

sp.l

Paecilomyces 4.5
carneus
P.punlonii 53

Rhizopus
oryzae

SS: Surface sterilized

NS: Non-surface sterilized

» Nil

% Dr.ciirrence of indicated individual fungal
5

55

SS NS SS NS

15 36.7 56.0 50.0

69 6.7 63 6.9

13.8 3.4
103 6.7
3.3

3.4 3.3 16

31.0 46.6 46.6 27.6

3.0
18 31

SS NS SS
39.3 536 44.7
18.4
71 54 79
5.4
42.9 23.7
53
125
10.7  23.2

37

NS

39.2
15.9

2.9

81

14

3.0

14

. siiecies at ERH’s (%)
85 90

SS NS
40.0 35.0
2.5 25

350 88
102
25
6.2
200 288

95

SS NS
171 133
341 29.7
11
41 6.7

7.3
71
24 39
3.1 2.6
171 133
220 164



Table 10a. Record of individual I'ungal species isolated by direct plating (Blotter method) of Obaatanpa

variety stored (in open Petri dishes) at ERH’s 55-95%

% Or.rinTpiK'R nf indicated individual lunual

Fungal Initial 55
Recorded SS NS SS

Aspergillus
candidus

A. effusus

A. flavus 30.2 329 60.2.
A. fumigalus

A. niger 8.6 8.3 12.4
A, ochraceus

A. tamarii

A. versicolor

Aspergillus sp.

Cladosporium 13.2 131
herbarium

Eurolivm sp.

Fusarium 33.0 18.4 12.4
moniliforme

Penicillium 3.9 6.1 6.0
brevicompalum

P.citrinum 71 12.2 9.0
P. digitatum

P. expansum 11 3.1 -
P. funiculosum -

P. glabrum

Penicillium 2.3 5.9
sp.l m

Paecilomyces
punlonii

SS: Surfacc -sterilized
NS: Non-surface sterilized.
-: Nil

65

NS SS
49.2 375
1.0
49 25
16
8.8
148 21.3
131 25
131 274

NS

55.0

25

5.0

20.0

7.5

2.5

5.0

2.5

75
SS

58.0

13

2.6

5.3

NS

31.7

7.9

20.7

15.9

SS

37.5

2.1

1.0

3.1

16.7

1.0

6.5

lor 2 months at 29-31°C.

90
NS SS
33.8 23.0
9.1 0,9
14.2
20.8 17.7
16.9 5.3
2.4 30.1
10.5
8.8

.soecies at ERH’s (%)

NS

1.2

25.8

2.2

2.2

10.8

95
SS NS
5.6
18.7 21.0
15
22.4
2.4
5.6
18.5
26.7 185
2.2
26.3 8.9
6.5
2.2 13.0



Table 10b. Rccord of individual fungal species isolated by direct plating (Blotter method) of Obaatanpa

variety stored in woven polypropylene sachets at ERH’s 55-95% for 2 months at 29-31°C.

Fungal Inilial

Recorded  SS

Aspergillus
candidus

A.flaws 29.1
A.fumigalus -
A. niger 20.3
A.versicolor

Aspergillus sp-

Cladosporimn]2.9

herbarum
Eurotium sp.
Fusarium 25.7
moniliforme
Penicillum 4.1

brevicompaclum
P. citrinum 5.7
P. digitaium

P. expansum

P.funiculosum

P. glabrum
Penicillium 12
sp. 1

Paecilomyces
punlonij

% Occurrence of indicated individual funeal snecies at ERH’s (%)

55 65 75
NS SS NS SS NS SS NS

37.5 36.8 22.2 27.6 20.7 56.0 35.1

6.9 4.9
4.6 10.5 27.6 17 17.1 81
8.8
54
14.0 16.7 27.6 24.1 22.0
57 53 10..3 2.7
88 473 611 51.7 48.6
4.5
1.2
16.3 -

1.6

SS: Surface-sterlilized
NS: Non-surface sterilized

- Nil

39

85

SS NS
2.3

30.3 15.9

6.1

45.4 31.8
18.2 2.3
38.6

9.1

SS

7.5

26.4

7.5

90

NS

30.7

4.6

20.0

SS

24.3

6.6

121

14.2

9.9

95

NS

20.0

44.0



Tabic 1lla.

variety stored (in open Petri dishes)
(Spores were raised in either DG18 or DRBC)

% Occurrence of indicated individual fumial
65
DG18 DRBC DG18 DRBC DG18 DRBC DG18 DRBC

Fungal Initial

Recoi'ded DG18 DRBC DG18 DRBC

Aspergillus

candidus

A. flavus 23.7
A.fumigatus 51 114
A. giganteus 25.0

A. niger 3.4 3.4
A. ochraceusSA 6.8
A. sulphureus -

A. tamarii.

A. terreus

A. usius

A. wenlii

Cladosporium3.4
herbarum

Emericella
midulans

Eurolium
sp.

Fusarium 28.8 159

moniliforme

Mucor
haemalis

Penicillium
brevicompactum

P. cilrinum 23.7 22.7
P. cyclopium

P. digitatum 6.8 2.3

P. expansum -

8.3

4.2

21

4.2

6.3

4.2

4.2

6.7

at ERH’s 55-95%

61

14.3

8.2

20

4.2

8.2

4.1

82

15.2 7.0

27.3  69.8

6.1

3.0

3.0

121 9.3
4.7

6.1 9.3

18.2

40

37.5

6.3

25.0

0.7

37.4

42.4

0.7

14

0.7

101

4.3

14

0.7

0.9
61.0 18
14.3 33.0
2.6
0.9
5.4
2.6 0.9
5.2 44.6
2.7
3.9
117
2.6 0.9

Record of occurrence of individual fungal species isolated by serial dilution technique from Abeleeli
for 2 months at 28-31°C.

.snecies at ERH’s (%) and isolating media

85

90 95
DG18 DRBC
2.7 0.5
48.6 75.0 80.5
11.0 3.7
2.7 18 0.5

2.7 2.4 3.3

2.7 0.5
10.8
3.3
5.4
2.7
3.7
5.4 12 7.0
4.9 0.9



Table 11a coat’d.
Record of occurrence of individual fungal species isolated by serial dilution technique from Abeleehi variety

Stored (in open Petri dishes) at ERH’s 55-95% for 2 months at 28-31°C.
(Spores were raised in either DG18 or DRBC)

% Occiirrcnce nfindionted individual funaal . species at ERH’s (%) and isolating media
Fungal Initial 55 65 75 85 90 95
Recorded DGI8 DRBC DGI8 DRBC DG18 DRBC DGI8 DRBC DGI8 DRBC DGI8 DRBC DGIS8
DRBC

P. glabnim 10.2 2.6
P. nigricans - 6.7 4.1

Penicillium 13 10.8
sp.

Paecilomyces - 6.1
carneus

Paecilomyces- 5.2
varioli

Rhizopus 18
oryzae
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Tabic 12a. Record ofoccurcnce of individual fungal spccics isolated by the serial dilution technique from
Obaatanpa variety stored (in open Petri dishes) at ERH’s55-95% for (2 months) at 28 -31°C.
(Spores were raised in either DG18 or DRBC)

% Occurrence of indicated individual funeal Isnecies at ERH’s (%) and isolatini? media
Fungi Initial 55 65 75 85 90 95
Recorded DG18 DRBC DG18 DRBC DG!8 DRBC DG18 DRBC DG18 DRBC DGI8 DRBC DG1S DRBC
Aspergillus 30.6 0.6 11 0.8 10.3 0.9
ejfusus
A.flavus 27.5 149 35 06 06 157 216 60.0 67.3 4.5 7.7 9.1. 1.1
A.fumigatus 10.3
A. niger 22 3.8 0.4 0.7
A. ochraceus 0.7 17.4
A. tamarii 0.7 2.6 12.2
A. versicolor 11.8 19 5.2 0.7 16.8 2.9 2.9 7.8
Chaetomium sp. 1.4 0.4 0.4 0.4
Cladosporium 6.9 0.4
herbarum
Curvularia 2.8
lunata
Eurotium sp. 2.2 2.5 0.4 0.7 2.6
Fusarium 28.6 20.8 30.2 50.0 96.2 983 15 0.8
moniliforme
Penicillium 5.6 5.6

brevicompactum
P. cilrinum 24.4 23.6 40.6 424 13 66.4 69.8 39.3 31.1 534 820 38.3 54.2

P. digitatum 9.8

P. glabmm 8.2 1.9 1.8 265 221
Paecilomyces 4.2

carmens

P. punlonii 11

P. varioti 6.4 3.3
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Tabic 12b.

Record of occurence of individual fungal species isolated by the serial dilution technique from

Obaatanpa variety stored stored in oven polypropylene sachets at ERH’s55-95% for (2 months) at 28 -31°C.

% Oc.riirrp.nr.e of indicated individual funcal

Fungi |
Recorded

Aspergillus  54.8

Flavus

A fumigatus
A. niger 3.2
A. ochraceus

A. tamarii

A. versicolor

Cladosporium
herbarum

Eurotium sp.

Fusarium
moniliforme

Neurospora 9.7
sitophila

Penicillium
brevicompactum

P.cilrinum 3.2
P.funiculosum 12.9
P. glabrum

Paecilomyces
carneus

P. puntonii
P. varioti 9.7

Rhizopus 6.5

oryzae

Scopulariopsis -
brevicaulis

nitial

12.5

12.5

25.0

(Spores were raised in either DG18 or DRBC)

55

43.5 245

2.0 4.1

4.8 4.1

1.4 8.2

46.3 51.9

1.4 2.4

0.6

2.4

2.4

65

313 63.6

6.3

18.8

123 91

6.3

12.5

DGIS DRBC DGISDRBC DGIS DRBC DGIS DRBC

14.8

7.4

7.4

111

59.

.snecies at ERI-I’s (%) and isolating media
75 85 90

DG18 DRBC DG18 DRBC
9.5 7.0 4.2

26.0 8.7

2.3
23 206
2.7

9.5 1.4

4.8 5.8

1.4 4.7 1.4 53.4

4.8

3 652 41.0

4.8 2.3

4.4

44

95
DG18 DRBC
32.9 23.2
6.5 1.3

0.5
5.1
1.9
5.5
43.5 37.5
2.2
4.6 34.4
0.9



O

®

attended by adrop in pH from 5.0-6.5 to pH 4.2-4.6. The pH ofnormal and stackbumed wet-
milled maize continued rising from pH 4.4 to pH 5.1 and 5.5, respectively, in 72h (Fig.6c and
Appendix 6).

1000 - Seed Weight ofthe Grains and Moisture Content

Hie 1000-seed weightofthe grains is a reflection o fthe density or ability ofgrains to accumulate dry
matter. Obaatanpahad a higher density (273,2g) than Abeleehi (268.9¢); stackbumed yellow and
white maize had lower average 1000-seed weightthan the normal grains (Table 16). The moisture
contentofnormal grains did not differ from the stackbumed samples ofthe same grain type (Table
16).
Germination Capacity

There was no statistical difference (Analysis ofvariance P<.0.05) between germination ofAbeleehi
grains incubated at ERH’S 55-85% (Fig.8). However, seed germination was drastically reduced at
90 and 95% (Fig.8). Dataon percentage germination ofgrains keptin woven polypropylene were
similarto those grains exposed to the ambient ERH.

The same trend observed for Abeleehi grains was applicable to Obaatanpa variety exceptthatthe
adverse effect of storage humidity on germination occurred only at ERH 95% (Fig.8). The storage
environmental humidity influencedthe length ofthe emerging radicle. The higherthe incubation
humidity the shorter the length ofthe emerging radicle (Fig.9) such thatat 95% ERH radicle length
was reduced by 39-61% depending on maize variety used.

Interestingly, there was a significant (student’s t-testp = 0.05) difference between the higherradicles
length recorded in grains ofboth varieties stored in woven polypropylene sachets than in some

grains notkeptin sachets (Fig.9).
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TABLE 16

Comparative 1000-seed weightand moisture contentofindicated maize varieties

Variety Average 1000-seed Moisture
Weight(g) Content(%)
ABI 268.9+4.2 11.0
OBA 273.2+1.2 10.0
W Stacbh* 275.3+2.1 13.0
WnStach* 237.8+1.9 12.0
Y Stacbh* 331.7+5.4 135
YnStach* 329.3+4.5 13.5

*Mixed varieties in the sack

ABI: Abeleehi

OBA: Obaatanpa

WStach: Local White Maize(Stackbumed)
WnStach: Local White Maize(Non-Stackbumed)
YStach:  Yellow Maize(Stackbumed)

YnStach: Yellow Maize(Non-Stackbumed)
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% Seed Germination

Fig.8.

55

65 75 85 90 95

Equilibrium Relative Humidity (%) Equilibrium Relative Humidity (%9

Germination Capacity of Abeleehi and Obaatanpa varieties stored either exposed (in Open
Petri dishes) or in woven polypropylene (Wp) cachets at ERH 55-95% for 36 days at 28-31°C
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Fij-9* Influence of incubation/storage ERH(%) on the radicle length of germinating maize
grains of the indicated varieties after storage at 28-31@& for 36 days
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D. MOIST!IJRE SORPTION ISOTHERMS OF “ABELEEHI” AND “OBAATANPA” MAIZE

VARIETIES

Figs. 10and 11 illustrate the moisture sorption isotlienns o f Abeleehi and Obaatanpavarieties, respectively.
The equilibration period for grains stored at 65-85% ERH was 8-12 days. Moisture contentofgrains kept at
90-95% ERH continued rising while there was a decrease in moisture content ofgrains incubated at 55%
ERH for both varieties (figs 10 and 11). The corresponding percentage changes in weight ofthe grains stored
atERH’S 55-95% are also presented in Figs. 12and 13.

Application of Analysis of Variance to ascertainthe influence ofERH, packaging material (P), incubation
period (1) and maize variety (V) on moisture sorption aswell as the interaction ofthese factors showed that P,
I and V significantly (Ri0.05) influenced moisture sorption and desorption ofthe two maize varieties. Grains
stored in Petri dishes significantly (R:0.05) absorbed and desorbed moisture to a greater extent than same
samples stored in woven polypropylene sachets. Moisture sorption by Obaatanpa variety was signifantly (Fb
0.05) higherthan Abeleehi variety under the same conditions (Appendices 8 and 9). The data used in plotting

Figs. 10-13 are presented as Appendices 10 to 13.
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Changes Iin moisture content of maize grains
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Indicated period at 28-31°C.
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20
WOVEN POLYPROPYLENE SACHETS

o 4 & 12 2 4 30

Period of Incubation (days)

Period of Incubation days)

Equilibrium Relative Humidity
55% -+-65% 75% = 85% 90% 95%

Hgll Cchanges in moisture content of maize grains
(OBAATANPA) incubated at ERH 55-95% for the
indicated period at 28-31°C.
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Period of Incubation ((days)

Period of incubation (days)

Equilibrium Relative Humidity

55% -+-65% 75% -"-85% 90% +95%

Flg.12, Influence OF packaging material (Woven
polypropylene) on moisture adsorption by
maize (ABELEEHI) kept at ERH 55-95% for 3©
days at 28-31 °C.
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Weight Changes«

WOVEN POLYPROPYLENE SACHETS
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*Nnfluence of packaging material (Woven
polypropylene) on moisture adsorption by
maize (OBAATANPA) kept at ERH 55-95% for
36 days at 28-31°C.
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E. VEGFTATTVF. GROWTH OF THREE PAECILOMYCES SPECIES TNMATY7F, MEAT,
BROTH AMENDED WITH VARYING DILUTIONS OF AQUEOUS. ACETONE OR
METHANOT, EXTRACT OF THE TEAVES OF ZANTHOXYLUM XANTHOXYLOmMES

The results obtained are presented in Tables 17 and 18. Aqueous, acetone or methanol extract
ofthe leaves ofZ. xanthoxyloides depressed vegetative growth of: ~ Paecilomyces carneus, P.
puntonii and P. varioti. Mean dry matter accumulation ofthe three testfungi in each type ofplant
extracts differed significantly (173.05). The efficacy ofthe extractin depressing vegetative growth of
the three Paecilomyces species can be ranked as follows: methanol > acetone > aqueous (water).

The higherthe concentration ofextract, the severerthe depression ofvegetative growth. However,
the inhibitory effect was gradually removed by dilution such that growth in 1:5Vvdilution nearly
approximated that ofthe control (Tables 17 and 18, Plates 2 and 3). The pH ofthe aqueous, acetone
and methanol extracts were 4., 4.4 and 4.0, respectively.

There was no statistical difference between the inhibitory effect of extracts on the three
Paecilomyces species when used in amending maize meal broth prepared from either Abeleehi or

Obaatanpa variety.
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TABLE 17

Vegetative growth ofindicated fungal species in maize dextrose broth (ABELEEHI) amended with varying
dilutions ofeither aqueous, acetone or methanol extracts ofleaves ofz&nthoxylum xanthoxyloides (Dry
weightofmycelium was assessed after 8 days).

Fungal Dilution Dry weight ofmycelium (mean+ S.E.) in mg in the indicated extract
species ratio ofextract
co Aqueous Acetone Methanol
Undiluted 30+ 1.43a 45 + 1.20a 35+ 1.80a
11 155 + 1.80b 230+ 1.88b 180 + 1.70b
Paecilomyces 1:2 275 + 2.28¢c 240 + 2.32c 210 + 2.14c
carneus
15 275 = 2.28¢c 255 + 2.19d 230 £ 2.14d
Control 295 + 1.80d 260 + 2.02d 280 = 2.40e
Undiluted 35+ 1.80a 40 = 1.70a 28+ 1.11a
P.puntonii 11 195 + 1.80b 145 + 1.80b 160 + 2.28b
1:2 220 £ 2.54c 190 + 2.14c 165 + 2.54b
15 240 + 2.14d 275 + 2.28d 175 + 1.80bc
Control 250 = 2.14d 260 = 2.47e 245 + 2.28d
Undiluted 38+ 1.12a 55+ 1.20a 33+ 1.80a
11 180+ 1.43b 210 + 1.43b 120 + 2.14b
P. varioti 1:2 195 + 2.44c 240 + 2.71c 153 + 1.80c
15 235 + 1.80d 285 + 2.28d 170 + 2.14d
Control 295 £ 2.79e 275 + 1.80d 245 + 2.69e

By Multiple Range Test, means recorded for each species atthe same type of extract and bearing the
same letters are not significantly differentat P<0.05.
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TABLE 13

Fungal colonies recorded in Abeleehi and Obaatanpa varieties and incubated either exposed or in
woven polypropylene sachets at 55-95% ERH and 29-31 °C for 2 months.

Grain Total no. ofcolonies atindicated ERH’s
Treatment 1
Initial 55 65 75 85 90 95
Abeleehi 35 36 29 18 29 31 74
(Exposed)
Surface
Sterili- (Abeleehi 29 29 32 28 38 40 41
zation (Wp)
Abeleehi 58 59 63 86 67 108 130
Non-Surface Abeleehi 63 60 58 56 74 80 118
Sterili- (Wp)
zation
Obaatanpa 27 18 58 37 44 65 115
(Exposed)
Surface
Sterili- Obaatanpa 29 19 29 41 33 53 91
zation (Wp)
Obaatanpa 49 83 80 76 96 113 124
(Exposed)
Non-Surface Obaatanpa 40 61 40 63 71 93 104
Sterili- (Wp)
zation

Wp -woven polypropylene sachets
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TABLE 14

Total fungal population resident in Abeleehi and Obaatanpa varieties and incubated either exposed orin
woven polypropylene sachets at 55-95% ERH and 29-31 °C for 2 months.

Isolating Maize Fungal population (logl@:fu/g) atindicated ERH’s
Medium Vaiiety
Initial 55 65 75 85 90 95

Abeleehi 4.0 5.1 4.8 4.8 5.2 55 5.8
(Exposed)

DG18
Abeleehi 3.2 4.7 4.7 4.7 4.2 4.9 5.2
(Wp)
Abeleeni 3.9 5.0 4.9 4.8 5.0 5.3 5.6
(Exposed)

DRBC
Abeleehi 1.9 2.1 2.1 3.3 3.1 35 4.2
(Wp)
Obaatanpa 4.3 5.1 51 4.3 4.3 55 6.3
(Exposed)

DG18
Obaatanpa 3.5 4.1 3.3 3.8 3.6 5.9 5.9
(Wp)
Obaatanpa 3.6 4.1 4.8 4.8 4.8 5.6 6.0
(Exposed)

DRBC
Obaatanpa 2.4 35 3.0 3.3 4.4 5.2 5.9
(Wp)

Wp - woven polypropylene sachets
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TABLE 15

Extentofgrain infection of Abeleehi and Obaatanpa varieties incubated either exposed orin woven
polypropylene sachets at 55-95% ERH and 29-31 °C for 2 months.

Grain % ofGraininfectionatindicated ERH’s
Treatment
Initial 55 65 75 85 90 95
Abeleehi  59.0 75.0 63.3 47.5 56.7 73.3 100.0
Surface (Exposed)
Sterili-
zation Abeleehi  62.5 70.0 72.5 55.0 67.5 82.5 87.5
(Wp)
Abeleehi  81.0 80.0 82.0 92.0 96.0 98.0 100.0
Non- (Exposed)
Surface
Sterili- Abeleehi  75.0 87.5 90.0 95.0 100 100 100.0
zation (Wp)
Obaatanpa 60.0 60.0 78.0 66.7 80.0 83.3 93.3
Surface (Exposed)
Sterili-
zation Obaatanpa 53.0 45.0 475 67.5 77.5 82.5 100.0
(Wp)
Obaatanpa 87.5 90.0 92.0 82.0 86.0 96.0 100.0
Non- (Exposed)
Surface
Sterili-
zation Obaatanpa 70.0 90.0 87.5 97.5 92.5 100 100.0
(Wp)

Wp -woven polypropylene sachets
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C. STUDIES ON SOME PHYSICAL CHARACTERISTICS OF SELECTED MAIZE VARIETIES
(a) Seed Water Absorption and Swelling Index
Fig. 1a - c show the water absorption patterns ofthe indicated maize varieties. All the varieties show the
characteristic sigmoid water absorption pattern ofmacromolecules. An initial high rate ofwater absorption
was followed by a decrease at saturated point after which the grains seem notto pick up any more
water (Fig. la-c).
Improved maize varieties Obaatanpa showed a comparatively better water absorption level than Abeleehi
(Fig. 1a). Similarly, local normal white maize absorbed better than the stackbumed local white maize
(Fig. 1b). There was no statistical difference between normal yellow and stackbumed yellow maize in
terms oftheir water absorption capacities (Fig. 1c). Dataproviding Fig. 1la-c are summarised in Appendixi
(b) Changesin Seed Dimensions
The swelling o fthe grains was measured as increase in grain dimension (length, width and thickness).
Generally, grain dimension was increased with soaking time (Fig.2-4). After 24h ofsoaking, there was
no statistical difference between the seed length of Obaatanpa and Abeleehi (Fig. 2a). Seed length of
normal white maize was 2-3% more than that of stackbumed white maize (Fig.2b). Swelling ofnormal
yellow maize initially lagged behind that of stackbumed samples butthis was reversed after /£h soaking
resulting in 1-2% increase in seed length over that ofthe stackbumed yellow maize (Fig.2c). Similar
trends were observed for seed width (Fig.3) and seed thickness (Fig.4). Appendices 2,3 and 4 represent
data obtained.
(¢) pH ofSteeping Water
The pH ofsteep water ofyellow maize grains (stackbumed and non-stackbumed) were very
close throughoutthe soaking time of 30h (Fig. 5¢). pH ofsteep water ofnon-stackbumed local
white maize was more acidic (4.2 -4.3) than the stackbumed grains ofthe same variety (pH 5.1-
5.2) (Fig.5b). The pH of steep water of Abeleehi decreased from 5.9-4.6 after 10h-30h soaking
as compared to pH 5.0-5.2 for Obaatanpa during the same period (Fig.5a and Appendix 5).
(d)  Maize Dough Fermentation
pH profile ofwet and dry-milled maize (normal and stackbumed) undergoing normal spontaneous
fermentation was generally similar at least during the fust 24-48h (Figs. 6 and 7 and Appendix 6)

48



Soaking Time (h)
Abeleehi Obaatanpa

= 50
2 45
&40
535
< 30
8 25
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1 2 4 6 8 10 15 20 24 30
Soaking Time (h)
Local White Maize(Stackbumed)
Local White Maize(Non—Stackbumed)

Soaking Time (h)
_ Yellow Maize(Stackburned)
Yellow Maize(Non —Stackbumed)

Fig.1l. Percentage iIncrease in water uptake by
the i1ndicated maize varieties at 30°C.
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_ Abeleehi Obaatanpa

Soaking Time (h)
Local White Maize(Stackbumed)
Local White Maize(Non—Stackbumed)

Soaking Time (h)
—Yellow Maize(Stackbumed)
Yellow Maize(Non—Stackbumed)

Fig.2. Change in seed length of the iIndicated
maize varieties during soaking at 30°C.
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Soaking Time (h)
Abeleehi Obaatanpa

Soaking Time (h)
Local White Maize(Stackburned)
_"Local White Maize(Non—Stackbumed)

Soaking Time (h)
_ Yellow Maize (Stackbumed)
N Yellow Maize (Non—Stackbumed)

Fig.3. Change iIn seed width of the i1ndicated
maize varieties during soaking at 30°C.
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Soaking Time (h)
Abeleehi Obaatanpa

4 6 8 10 15 20
Soaking Time (h)
_Local White Maize(Stackbumed)
Local White Maize(Non—Stackbumed)

Yellow Maize(Non—Stackbumed)

Fig-4. Change i1n seed thickness of the indicated
maize varieties during soaking at 30°C.
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Soaking Time (h)
_ Abeleehi ~Obaatanpa

3.5
0 10 15 20 24 30
Soaking Time (h)
_ Local White Maize(Stackbumed)
Local White Maize(Non—Stackbumed)

Soaking Time (h)
—Yellow Maize(Stackbumed)
~Yellow Maize(Non-Stackbumed)

Fig.5. Change 1n pH of steep water during
soaking of whole maize kernel at 30°C.
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Fermentation Time (h)

Abeleehi Obaatanpa
6.5
ST 6
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Fermentation Time (h)
Local White Maize(Stackbumed)
Local White Maize(Non—Stackbumed)

24 48 72
Fermentation Time (h)

—Yellow Maize(Stackbumed)
Yellow Maize(Non—Stackbumed)

Fig.6 Change in pH of wet-milled maize during

fermentation at 30”C for the iIndicated
periods.
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Fermentation Time (h)
Abeleehi Obaatanpa

0 24 48 72
Fermentation Time (h)

Local White Maize(Stackbumed)
Local White Maize(Non—Stackbumed)

24 48 72
Fermentation Time (h)

—Yellow Maize(Stackbumed)
_* Yellow Maize(Non—Stackbumed)

Fig. 7 Change in pH of dry-milled maize during
fermentation at 30“C for the i1ndicated
periods.
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TABLEI18

Vegetative growth ofindicated fungal species in maize dextrose broth (OBAATANPA) amended with varying
dilutions of either agueous, acetone or methanol extracts of the leaves ofZanthoxylum xanthoxyloides (Dry
weightofmycelium was assessed after 8 days). m

Fungal
species

Paecilomyces

carneus

P.punlonii

P. varioli

Dilution
ratio ofextract

(0)0]

Undiluted

11

1:2

15

Control

Undiluted

11

1:2

1:5

Control

Undiluted

11

1:2

15

Control

Dry weight of mycelium (mean = S.E) in mg in the
indicated extract

Aqueous

30 = 1.70a

175 + 2.28b
265 + 2.69c
275 * 2.44d

270 + 2.02d

25 + 1.80a
175 + 2.28b
210 = 1.43c
210 £ 2.13c

230 = 1,43d

28 £ 1.12a
205 = 1.80b
240 + 2.02c

260 = 2.14d

I+

270 = 1,70d

Acetone

35+ 1.20a

250 + 2.14b
285 + 2.28¢c
280 + 2.14c

295 + 2.44d

48 + 1.55a

170 = 1.70b
230 + 1.43c
240 = 1.43c

250 + 2.54cd

43 + 1,77a

255

I+

2.28b

270 £ 1.43c

I+

288 = 2.77d

295 + 2.44e

Methanol

40 £ 1.70a

155 + 1.80b

195 + 1.80c

210 + 1.43d

255 = 1.80e

43 + 1.12a

135 = 2.14b

140 £ 2.02c

160 + 1.20d

175 £2.28e

35 + 1.80a

138 + 1.55b

173 = 2.35¢

185 + 2.08d

243 £ 2.07c

By Multiple Range Test, means recorded for each species at the same type ofextract and bearing

the same letters are not significantly different at P<0.05.



Plate 2:

Vegetative growth ofPaecilomyces carneusin Maize meal broth (using
Obaatanpavariety) amended with methanol extract of Zanthoxylum
xanthoxyloides and incubated at 28-31 °C for 8 (x%)

(From left: undiluted, 1:1,1:2,1:5vvand control; Note the scanty mycelial
growth the undiltued extract).
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Vegetative growth ofP. varioti in Maize meal broth (using Obaatanpa variety)

amended with methanol extract ofz. xanthoxyloides and incubated at 28-31°C
for 8 days (x%).

(From left: undiluted, 1:1,1:2,1:5Vvand control; Note the scanty growth ofthe
mycelium inthe undiluted extract).



RADIAIL. GROWTH OF THREE PAECILOMYCES SPECIES ON MAIZE MEAL AGAR
AMENDED WITH API JROTIS. ACETONF, OR METHANOL EXTRACT OF THE LEAVES
OF Z XANTHOXYT,PIPES

Results obtained are presented in Figs. 14 and 15 and Appendices 14-19.

Paecilomyces carneus, P. puntoniiand P varioti behaved differently on agar medium (Figs 14 and
15). The inhibitory effect ofthe three extracts on radial growth ofP. puntonii was initially pronounced
inthe undiluted extract. However growth ofthis fungus on the undiluted extractapproximated thatof
the control after 5-7 days growth (Figs. 14 and 15).

Inthe case ofP. carneus and P. varioti the undiluted extract permanently impaired radial growth ofthe
test fungi and on growth media amended with undiluted extracts significantly (ft0.05) lagged behind

what existed in the control (Figs. 14 & 15, Plates 4 & 5 and Appendices 14-19).
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Aqueous Acetone Methanol

= o oF

ke 7

Period ofincubation (days)
Undiluted 1:1 1:2 1:5 Control

Radial growth of Paecilomyces carneus (TOP), P.puntonii (MIDDLE) and
P.varioti[BOTTOM) at 28-30°C on maize dextrose agar medium(ABELEEHI)
amended with aqueous, acetone or methanol extracts ofthe leaves of
Zanthoxylum xanthoxyloides .
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Fig. 15

Aqueous Acetone Methanol

O&OO

Period ofincubation (days)
Undiluted 1:1 1:2 1:5 Control

Radial growth of Paecilomyces carneus (TOP), P.puntonii (MIDDLE) and
P.varioti (BOTTOM) at 28-30°C on maize dextrose agar medium (OBAATANPA)
amended with aqueous, acetone or methanol extracts of the leaves of
Zanthoxylum xanthoxyloides.



Radial growth ofP.puntonii on Maize meal agar amended with methanol extract

Plate 4:
ofthe leaves ofZ. xanthoxyloides and incubated at 28-31 °C for 5 days (xVi)

Top:Left, undiluted; right, control.

Bottom:Left: |:1vv;middle, 1:2Vv;right,l:57v.
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Plate 5:

Radial growth of P. carneus in Maize meal agar amended with methanol extractof
the leaves of Z. xanthoxyloides and incubated at 28-31 °C for 7 days (xVi).

Top: left, undiluted extract; right, control.

Bottom: left, 1:1Vv; middle, 1:2Vv;right 1:5uv
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VEGFTATTVF, GROWTH OF CURVULAR1A LUNATA. FIISARJJIIMMONILIFORME AND

PMinnjUMMGIZdZUMM MAIZE MEAT,BROTH AMENDED WTTHVARYING
DILUTIONS OF AOTJF.OTIS. ACETONE OR METHANOT, EXTRACT OF THF, LEAVES OF

Z XANTHOXII.PIPES.

Depression ofvegetative growth ofthe three test fungi decreased with increasing dilutions o fthe aqueous,
acetone and methanol extracts ofZ. xanthoxyloides (Tables 19 & 20). Plate 6 shows vegetative
growth of Curvularia lunata taken after 8 days incubation at 28-30°C.

Generally, vegetative growth ofall the test fungi in the undiluted extract varied from one fungus to the
other. Growth was inhibited by 72.4 - 86.0% (F. moniliforme)-, 76.5 - 89.6% (C. lunata) and by 84.4
-89.8%)(P. digitatum) as compared to the control (Tables 19&20). Methanol extract ofthe test
plant was the mosteffective (P=0.05) in depressing growth ofall the test fungi compared to aqueous and

acetone extracts. The respective pH’sofmethanol, aqueous and acetone extracts were 4., 4.7 and 4.5.
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TABILEI

Vegetative growth ofindicated fungal species in maize dextrose broth (ABELEEH]I) amended with varying
dilutions of either aqueous, acetone or methanol extracts of the \<zaves/Zanthoxylum xanthoxyloides (Dry
weightof mycelium was assessed after 8 days).'

Fungal Dilution Dry weight of mycelium (mean = S.E.) in mg in the indicated extract
species ratio ofextract
co Aqueous Acetone Methanol
Undiluted 33+ 1.77a 38+ 1.43a 40 = 1.43a
11 220 + 1.70b 198 + 2.07b 135+ 2.28b
Penicillium 1:2 270 £2.14c 200 + 2.02b 170 £ 2.04c
digitatum 15 280 + 2.54d 265 = 2.69c 230 = 2.14d
Control 325 + 2.28e 270 = 2.54c 275 + 2.28e
Undiluted 40 = 1.43a 43 + 1.94a 38 £ 1.94a
11 160 + 2.54b 180 + 2.14b 120 = 2.02b
Curvularia 1:2 170+ 2.14c 190+ 2.14c 135 + 1.80c
lunata 15 170 + 1.43c 225 + 1.80c 150 £ 2.14d
Control 235 + 1.80d 265 + 2.79d 230 £ 2.47e
Undiluted 35+ 1.80a 30 £2.14a 25 = 1.20a
Fusarium 11 85 = 1.20b 65 =+ 1.20b 50 + 1.43b
moniliforme
1.2 120 + 2.54c 95 + 1,20c 80 + 2.14c
15 140 + 2.02d 130 + 1.70d 120 £ 2.14d
Control 138 £ 2.07d 150 + 1.43c 140 + 2.54e

By Multiple Range Test, means recorded for each species at the same type ofextract and bearing
the same letters are not significantly different at P<0.05.
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TARLE 20

Vegetative growth ofindicated fungal species in maize dextrose broth (OBAATANPA) amended with varying
dilutions o feither aqueous, acetone or methanol extracts of the leaves of Zanthoxylum xanthoxyloides (Dry
weight ofmycelium was assessed after 8 days).

Fungal Dilution Dry weight of mycelium (mean £ S.E) in mg in the species
ratio ofextract indicated extract
V)
Aqueous Acetone- Methanol
Undiluted 35 £ 1.80a 45 ¢=1.20a 38dr 1.12a
11 215 + 1.80b 225 + 2.28b 115 + 1.80b
Penicillium 1:2 230 + 2.02¢ 250 =h2.02c 130 dr 2.86¢
digitatum 15 295 + 2.79d 260 =t 2.14d 155 rt 2.44d
Control 290 =t 1.43d 288 + 2.07e 275 dr 1.80e
Undiluted 30 + 1.43a 35 + 1.20a 35 dr 1.80a
11 140 + 1.43b 160 £ 2.14b 110+ 1.70b
Curvularia 12 185 + 2.28¢ 210+ 2.71c 125 + 2.08¢c
lunata 15 185 + 2.43c 265 + 1.80d 125 dr 1.80c
Control 280 + 1.70c 293 + 2.50e 268 rt i.77d
Undiluted 30+ 1.43a 25 dr 1.20a 20 £ 1.43a
11 95 dr 1.80b 80 dr 2.47b 55 + 1.80b
Fusarium 1:2 125 dz 2.69c¢ 135 dr 2.69¢ 70 = 2.14c
moniliforme 15 138 dr 1.80d 135 dr 1.20c 125 dr 1.80d
Control 145 dr 1.20e 150 dr 1.43d 143 =+ 1,55e

By Multiple Range Test, means recorded for each species at the same type ofextract and bearing
the same letters are not significantly different at P<0.05.
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Plate 6: Vegetative growth of Curvularia lunata in Maize meal broth (using Obaatanpa

variety) amended with methanol extractofZ. xanthoxyloides and incubated at
28-31°C for 8 days (x!4).

(From left: undiluted, 1:1,1:2,1:5vvand control; Note the scanty mycelial growth
inthe undiltued extract).
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RADIAL GROWTH DF C TUNATA. F. MONILIFORMEAND P. DIGITATUM ON MAIZE
MEAL AGAR AMENDED WITH API IEOTJS. ACETONE ORMETHANOL EXTRACT OF

THE LEAVES OF Z XANTHOXYLOIDES

Radial growth ofthe three testfungi in maize meal broth (prepared from Obaatanpaand Abeleehi)
amended with 1:1 -1:5 Vvofthe leafextract ofZ. xanthoxyloides approximated that ofthe control in
most instances after 2-7 days growth (Figs. 16 & 17 and Appendices 20-25). On the other hand the
undiluted extractsignificantly (S0.05) depressed radial growth o fthe three test fungi even after 7 days
growth.

Statistical analysis (Multiple Range Test) showed thatthe efficacy ofthe inhibitoiy principle depended
not only on the test fungus butalso on the nature ofthe solventused in extracting the active ingredient.
Methanol was the best solvent followed by acetone and water in decreasing order (Tables 21a-21f).
The efficacy ofthe inhibitory effect ofthe aqueous, acetone and methanol extracts ofthe leaves ofZ
xanthoxyloides on the test fungi can be ranked as follows in decreasing order: P. digitatum >F.
moniliforme > C. lunata (Tables 22a - 22f) Plate 7 illustrates the radial growth of F. moniliforme in

the methanol extract ofthe leaves ofZ xanthoxyloides.
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Fig. 16

Aqueous Acetone Methanol

0

Period ofincubation (days)
Undiluted 1:1 1:2 1:5 Control

Radial growth of Penicillium digitatum (TOP), Curvularia lunata (MIDDLE)
and Fusarium moniliforme (BOTTOM) at 28-30 C on maize dextrose agar
medium(ABELEEHI) amended with aqueous, acetone or methanol extracts
of the leaves of Zanthoxylum xanthoxyloides *
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Fig. 17

Aqueous Acetone Methanol

Period ofincubation (days)

Undiluted 1:1 1:2 1:5 Control

Radial growth of Penicillium digitatum (TOP), Curvuiariaiunata (MIDDLE)
and Fusarium moniliforme (BOTTOM) at 28-30 C on maize dextrose agar
medium (OBAATANPA) amended with agqueous, acetone or methanol

extracts of the leaves of Zanthoxyium xanthoxyloides .
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TARI, E 21a

Multiple range analysis showing the effect of aqueous, acetone and methanol extracts of the leave ot
Zanthoxylum xanthoxyloides on the radial growth of Curvularia lunata on maize meal agar medium

(ABELEEHI).

Type of Extract-

Aqueous
Acetone
Methanol

Count Mean

16 85.700
16 77.775
16 66.853

TABLE 21b

Homogeneous
Grouping
A
B
C

Multiple range analysis showing the effect ofaqueous, acetone and methanol extracts of the leaves ofZ

xanthoxyloides on radial growth of Fusarium moniliforme on maize meal agar medium (ABELEEHI).

Type ofExtract

Aqueous
Acetone
Methanol

Count Mean
16 59.425
16 60.025
16 56.425
TABLE 2lc

Homogeneous
Grouping
A
B
C

Multiple range analysis showing the effect ofageuous, acetone and methanol extracts ofthe leaves ofZ
xanthoxyloides on the radial growth ofPenicillium digitatum on maize meal agar medium (ABELEEHI).

Type of Extract

Aqueous
Acetone
Methanol

Count Mean

16 41.851
16 47.850
16 38.500

Means with the same letters are not significantly different.

82

Homogeneous
Grouping
A
B
C



TABLE 21d

lultiple range analysis showing the effect of aqueous, acetone and methanol extracts of the leaves of Z
anlhoxyloides on the radial growth of Curvularia lunata on maize meal agar medium (OBAATANPA).

Type of Extract Count Mean Homogeneous
Grouping
Aqueous 16 84.750 A
Acetone 16 69.403 B
Methanol 16 68.651 C
TABLE 2le

Multiple range analysis showing the effect of aqueous, acetone and methanol extracts ofthe leaves ofZ

mnthoxyloid.es on the radial growth of Fusarium moniliforme on maize meal agar medium (OBAATANPA).

Type of Extract Count Mean Homogeneous
Grouping
Aqueous 16 58.453 A
Acetone 16 58.350 A
Methanol 16 63.025 B
TABLE 21f

Multiple range analysis showing the effect of aqueous, acetone and methanol extracts of the leaves ofZ
xanthoxyloides on the radial growth of Penicillium digitatum on maize meal agar medium (OBAATANPA).

Type of Extract Count Mean Homogeneous
Grouping

Aqueous 16 43.650 A

Acetone 16 43.317 A

Methanol 16 40.325 B

Means with the same letters are not significantly different.
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T ARI, E 22a

Multiple range analysis showing the effect of AQUEOUS extract ofthe leaves ofZ xanthoxyloides on radial
growth ol C. lunata, F. moniliforme and P. digitatum on maize meal agar medium (ABELEEH]).

Fungal Homogeneous

species Count Mean Grouping

C. lunata 16 85.700 A

F. moniliforme 16 59.425 B

P. digitatum 16 41.851 C
TABLE 22b

Multiple ranae analysis showinsi the effect of ACETONE extract ofthe leaves ofZ xanthoxvloides on radial
growth of C. lunata, F. moniliforme and P. digitatum on maize meal agar medium (ABELEEHI).

Fungal Homogeneous

species Count Mean Grouping

C. lunata 16 77.775 A

F. moniliforme 16 60.025 B

P. digitatum 16 47.850 C
TABLE 22c

Multiple, ran ee anal vsis showing the effect of METHANOL extract ofthe leaves of Z. xanthoxvloides on

radial growth of C. lunata, F. moniliforme and P. digitatum on maize meal agar medium (ABELEEHI).

Fungal Homogeneous
species Count Mean Grouping

C. lunata 16 66.853 A

F. moniliforme 16 56.425 B

P. digitatum 16 38.500 C

Means with the same letters are not signficiantly different
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TABLE 22d

Multiple range analysis showing the effect of AQUEOUS extract ofthe leaves ofZ xanthoxyloides on radial
growth of C. lunata, F. moniliforme and P. digitatum on maize meal agar medium (OBAATANPA).

Fungal Homogeneous
species Count Mean Grouping

C. lunata 16 84.750 A

F. moniliforme 16 58.453 B

P. digitatum 16 43.650 C

TABL E 22e

Multiple range analysis showing the effect of ACETONE extract ofthe leaves of Z xanthoxvloides on radial
growith of C. lunata, F. moniliforme and P. digitatum on maize meal agar medium (OBAATANPA).

Fungal Homogeneous

species Count Mean Grouping

C. lunata 16 69.403 A

F. moniliforme 16 58.350 B

P. digitatum 16 43.317 o
TABLE 22f

Multiple ranore analysis showing the effect of METHANOL extract ofthe leaves ofZ xanthoxvloides on
radial growth of C. lunata, F. moniliforme and P. digitatum on maize meal agar medium (OBAATANPA).

Fungal Homogeneous
species Count Mean Grouping

C. lunata 16 68.651 A

F. moniliforme 16 63.025 B

P. digitatum 16 40.325 C

Means with the same letters are not significantly different.
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Plate 7:

Radial growth of Fusarium moniliforme on Maize meal agar amended with
methanol extract of leaves ofZ. xanthoxyloides and incubated at 28-31 °C for 5

days (x/4).
Top: Left, undiluted extract; right, control.

Bottom: Left, 1:1vv; middle, 1:2vy; right, 1:5vv
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VEGETATIVF, GROWTH OF THREE PAKC1LOMYCRSSPP. TNMATZE MEAL BROTH
AMENDED WTTHVARYING PTT,TITIONS OF APIJEOTJS. ACETONE OR METHANOL

EXTRACT OF THE DRY FRTITT OF KTGF.LIA AFRICANA.

The extracts ofthe fruit ofK. africana also variably depressed vegetative growth ofthe three test fungi
(P. carneus, P.puntonii and P. varioti). Growth depression (77.0 - 88.0%) ofall the test fungi was
observed atthe highest concentration (undiluted extracts), and this depressive effectwas gradually
removed with increasing dilution ofthe extracts (Tables 23 & 24) such thatin some instances growth in
mediaamendedwith 1:5vydilution ofthe extracts approximated thato fthe unamended medium (control).
The pH ofthe aqueous, acetone and methanol extracts were 4.499,4.383 and 4.274, respectively.
Generally, the inhibitory effect ofthe methanol extract on vegetative growth was significantly (P=0.05)

severerthan those recorded in media amended with acetone or aqueous extracts.
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TA RLE 23

Vegetative growth ofindicated fungal species in maize dextrose broth (ABELEEHI1) amended with varying”
dilutions of either aqueous, acetone or methanol extracts ofthe fruit of Kigelia africana (Dry weight ol
mycelium was assessed after 8 days).

Fung_al Dilution Dry weightofmycelium (mean = S.E.) inmg in the
species rati/(\) ofextract indicated extract
Aqueous Acetone Methanol

Undiluted 65 + 2.23a 55 + 1.80a 50 £ 1.43a

Paecilomyces 11 230 + 2.47b 230 + 2.24b 190 + 2.54b

carneus 1:2 270 + 2.14c 270 £2 .14c 260 £ 1.70c
15 335 + 2.67d 300 + 1.40d 275 + 1.80d
Control 340 £ 2.13d 340 = 2.14e 315 = 1.80e
Undiluted 40 = 2.14a 60 + 1,43a 40 = 1,70a

P. puntonii 11 160 £ 1.43b 180 = 2.14b 120+ 2.02b
12 220 £ 1.43c 195 + 1.80c 185 + 1.80c
15 250 + 2.54d 210 £ 2.24d 190 + 1.43c
Control 295 + 1.80e 285 = 2.08e 265 + 1.S0d
Undiluted 58 £ 1.12a 50 + 2.14a 45 = 1.80a
11 150 £ 2.54b 193 + 2.24b 140 £ 1.42b

P varioti 1:2 275 * 2.69c 270 = 1.43c 190 + 2.14c
15 290 + 1,70d 305 + 1.20d 250 + 2.02d
Control 300 = 1.43e 320 £ 2.02¢e 293 = 1.55e

By Multiple Range Test, means recorded for each species at the same type ofextract and bearing

the same letters are not significantly different at P<0.05.
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TABLE?24

/egetative growth ofindicated fungal species in maize dextrose broth (OBAATANPA) amended with varying

lilutions of either aqueous, acetone or methanol extracts of the fruit of Kigelia africana (Dry weight of
nycelium was assessed after 8 days).

"ungz_il Dilution Dry weight ofmycel urn (meandr S.E) in mg in the

species ratio ofextract indicated extract
v Aqueous Acetone Methanol
Undiluted 80 d=2.14a 65 rt 1.80a 40 =t 1.70a

Paecilomyces 11 220 dr 2.02b 205 dr 1.80b 170 dr 2.02b

carneus
1:2 285 + 1.80c 270 +2.14c 250 dr 1.43c
1:5 345 + |.80d 310 rt 2.02d 280 ¢=2.86d
Control 348 =2.27d 325 £ 2.28e 333 rt 2.26e
Undiluted 45 rt 1,20a 53 dr 2.14a 30rt 1.43a
11 113 £ 1.55b 130 £ 2.14b 100 rt 1.70b

P.punlonii 1:2 230 dr2.47c 240 + 2.54b 210 % 2.71c
15 255 dr2.43d 260 £ 2.47c 240 £ 2.54d
Control 270 dr 2.02e 250 d=1.43c 290 £ 1.70e
Undiluted 73 & 2.07a 58 dr 1.55a 35+ 1.20a
11 175 + 1.80b 160 + 2.14b 150 dr 2.47b

P. varioli 1:2 205 dr 2.28¢ 230 = 2.02c 215 =t 1.80c
15 350 + 1.70d 275 dr 1.80d 260 =t 1,42d
Control 325 + 2.28e 290 * 2.14e 330 rt 2.54e

By Multiple Range Test, means recorded for each species at (he same type ofextract and bearing

the same letters are not significantly different at P<0.()5.
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RADIAL GROWTH OF THREE PAKCII.OMYCKS SPECIES ON MAIZE MEAL AGAR
AMENDED WITH APT IEOIJS. ACETONE OR MF.THANOI,F.XTRACT OF THE FRUIT OF
KIGELIA AFRICANA.

All the three Paecilomyces spp. grew exponentially at least during the early stages ofthe incubation on
the agar medium amended with 1:1 -1:5 vvdilution ofthe extracts (Figs. 18 & 19). Radial growth on
agaramended with undiluted extracts lagged behind the control and 1:1-1:5Vvdilution exceptin the
case ofP. puntonii which grew faster, even inthe medium ofhighest concentration ofthe plant extracts
and covered the entire Petri plate in 4-5 days (Figs. 18 & 19; Appendices 26-31).

The methanol extract o fthe plant significantly (P< 0.05) inhibited the radial growth ofP. carneus, P.
puntonii and P. varioti than the aqueous and acetone extracts ofthe same plant part (Figs. 18 & 19;
Appendices 26-31).

Inhibitory effect ofthe fruitofK. africana onthe test fungi was variable and could be ranked as follows

in decreasing order: P. varioti >P. carneus > P. puntonii.
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Fig. is

Aqueous Acetone Methanol

Period ofincubation (days)
Undiluted 1:1 1:2 1:5 Control

Radial growth of Paecilomyces carneusfjOP), P.puntonii{N\IDDLE)
and P.variotiiBOTTOM) at28-30°c on maize dextrose agar medium
(ABELEEHI) amended with aqueous, acetone or methanol extracts of

the fruit of Kigelia africana.
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Fig-19

Aqueous Acetone Methanol

oxXo

w B oo

Period ofincubation (days)
Undiluted 1:1 1:2 1:5 Control

Radial growth of Paecilomyces carneus{iop), P.puntonii (middle)

and P.varioti (BOTTOM) at 28-30°C on maize dextrose agar medium
(OBAATANPA) amended with aqueous, acetone or methanol extracts
of the fruit of Kigelia africana.
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VEGETATIVE GROWTH OF C. LUNATA. F. MONILIFORME AND P. DIGITA777TMIN MAIZE
MEAL BROTH AMENDED WITH API JF.OIJS. ACF.TONF, OR MFTHANOT -EXTRACT OF

THE FRUIT OF K. AFRICANA

Growth ofthe test fungi in liquid medium after 8 days incubation was variable depending on the test
fungus. Vegetative growth by all the test fungi in maize meal broth amended with undiluted extracts of
the K. africana was significantly depressed by 69.0-90.0% (Tables 25 & 26). The inhibitory effect
was, however, gradually removed with increasing dilution ofthe extracts (Tables 25 & 26). The highest
depression in vegetative growth was observed on C. lunata incubated in maize meal broth (Obaatanpa)
amended with methanol extract ofthe plant.

The pH ofthe aqueous, acetone and methanol extracts used in amending the maize meal broth were 4.8,

4.7 and 4.4, respectively.
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TARLEZ

Vegetative growth of indicated fungal species in maize dextrose broth (ABELEEHI) amended with varying
dilutions of either aqueous, acetone or methanol extracts of the fruit of Kigelia africana (Dry weight ol
mycelium was assessed after 8 days).

Fungal Dilution Dry weight of myceliumi(mean = S.E.) inmg inthe indicated extract
species latio ol extiact
(%) Aqueous Acetone Methanol
Undiluted 70 + 2.14a 65 + 1,80a 55 + 2.28a
Penicillium 11 165 + 2.44b 200 + 2.47b 150 + 1.43b
digilalum
1:2 235 + 1.80c 223 £ 1.55¢ 195 + 2.69c¢
15 315 + 1,80c! 240 + 2.14d 230 £ 2.14d
Control 293 + 2.62c 270 + 2.54e 305 + 1.80e
Undiluted 58 + 1,55a 45 + 1,20a 30+ 1.42a
11 145 + 2.44b 180 + 2.14b 133 + 1.77b
Curvularia 1:2 195 + 2.69c 210 i 2.14c 165 + 2.69¢c
lunula
15 245 + 1.80d 245 = 1.80d 220 £ 2.14d
Control 263 + 2.07e 260 + 2.02e 245 + 2.28e
Undiluted 40 = 1.43a 38 + 1.55a 25 + 1.80a
11 105 + 1.80b 100 £ 1.70b 85+ 1.20b
Fusarium 1:2 140 + 1.43c 115 + 2.44c¢ 95+ 1.22c
moniliforme
1.5 145 + 2.28c 120 + 1.43c 105 + 2.08d
Control 150 + 2.02cd 130 + 1.43d 150 + 2.14e

By Multiple Range Test, means recorded for each species at the same type ofextract and bearing

the same letters are not significantly different at P<0.05.
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TAIliLE?26

Vegetative growth ofindicated fungal species in maize dextrose broth (OBAATANPA) amended with varying
dilutions of either aqueous, acetone or methanol extracts of the fruit ofkigelia africana (Dry weight of
mycelium was assessed aHer 8 days).

Fungal Dilution Dry weight of mycelium (mean + S.E) in mg in the species
ratio of extract indicated extract
Aqueous Acetone Methanol
Undiluted 80 £2.14a 65 £ 1.80a 40 + 1.70a
Penicillium 11 195 + 2.69b 175 + 1.80b 145 + 2.28b
digilatum
1:2 230 + 1.70c 200 £ 1.99c 190 + 2.14c
1.5 305 + 2.28d 195 + 2.28c 210 + 2.14d
Control 305 + 2.28d 300 £ 2.54d 290 £ 2.02e
Undiluted 53 + 1.55a 40 £ 1,43a 25 + 1.80a
Curvularia 11 140 + 2.32b 138 + 2.50b 110 £ 1.43b
lunata
1:2 155 + 2.08c 170 £ 2.02c 125 + 1.80c
1:5 210 + 1.43d 220 £ 2.02d 140 =+ 1.43d
Control 245 +3.51e 253 + 2.07e 265 + 2.08e
Undiluted 35 + 1.80a 45 + 1.80a 20 £+ 1.70a
Fusarium 11 120 + 2.02b 113 +2.50b 65 + 1,80b
moniliforme
1:2 130 + 1.43c 115 + 1.80b 90 + 1.70c
15 145 + 1,80d 125 + 1.80c 115 + 1.50d
Control 140 + 1.70d 145 + 2.28d 130 + 2.54e

By Multiple Range Test, means recorded for each species at the same type ofextract and bearing
the same letters are not significantly different at P<0.05.
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RADIAL GROWTH OF C LUNATA. F. MONILIFORME AND P. DIGITATUM ON MAIZE
MEAL AGAR AMENDED WTTH AOUFOIIS- ACF.TONF, OR METHANOL EXTRACT OF

THE FRUIT OF K AFRICANA

The aqueous, acetone and methanol extracts ofthe fruit ofK. africana had variable effecton the
growth of C. lunata, F. moniliforme and P. digitatum (Figs. 20 & 21). Methanol extractofK.
africana ofdilutions, 1:1,1:2 and 1:5Vvused in amending maize meal broth significantly (P<0.05)

depressed radial growth of all the three test fungi (Figs. 20 & 21; Appendices 32-37; Tables 27a-

Aqueous and acetone extracts of K. africana were less inhibitory on the growth ofthe test fungi as
increasing dilution rendered the extracts less potent. Statistical analyses showed thatthe inhibitory
effects ofthe extracts were severer on P. digitatum than on C. lunata and F. moniliforme (Tables

28a-28f).
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Fig. 20

Aqueous Acetone Methanol

Period of incubation (days)
Undiluted 1:1 1:2 1:5 Control

Radial growth of Penicillium digitatum (TOP), Curvularia lunata (MIDDLE)

and Fusarium moniliforme (BOTTOM) at 28-30°C on maize dextrose
agar medium (ABEELEHI) amended with aqueous, acetone or
methanol extracts of the fruit of Kigeiia africana .
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Fig. 21
Aqueous Acetone Methanol

QQ _<o_<ol—\

[EEN

2 3 4 5 6 7

Period ofincubation (days)
Undiluted 1:1 1:2 1:5 Control

Radial growth of Penicillium digitatum (TOP), Curvularia lunata (MIDDLE)
and Fusarium moniliforme (BOTTOM) at 28-30°C on maize dextrose

agar medium (OBAATANPA) amended with aqueous, acetone or
methanol extracts of the fruit of Kigelia africana.
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TABLE 22a

Multiple range analysis showing the effect o faqueous, acetone and methanol extracts of the fruit ofK. africana
onthe radial growth of C. lunata on maize meal agar medium (ABELEEHI).

Type of Extract Homogeneous
Count Mean Grouping

Aqueous 16 82.025 A

Acetone 16 82.950 B

Methanol 16 75.701 C

TABLE 27b

Multiple range analysis showing the effect ofaqueous, acetone and methanol extracts ofthe fruit of K africana
on the radial growth ol'F. moniliforme on maize meal agar medium (ABF.I ,EEHI).

Type of Extract Homogeneous
Count Mean Grouping
Aqueous 16 71.210 A
Acetone 16 73.275 B
Methanol 16 54.911 C
TABLE 27c

Multiple range analysis showing the effect ofaqueous, acetone and methanol extracts ofthe fruit o f K. africana
on the radial growth ofP. digitatum on maize meal agar medium (ABELEEH]I).

Type of Extract Homogeneous
Count Mean Grouping

Aqueous 16 47.150 A

Acetone 16 47.200 A

Methanol 16 44.525 B

Means with the same letters are not si» nilcandy different.
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TAIlLE 271
Multiple range analysis showing the effect ofaqueous, acetone and methanol extracts ofthe fruit ot K. africana
on the radial growth ofC. lunata on maize meal agar medium (OBAATANPA).

Type of Extract Homogeneous
Count Mean Grouping

Aqueous 16 83.900 A

Acetone 16 81.775 B

Methanol 16 67.501 C

TABLE 27e
Multiple range analysis showing the effect of aqueous, acetone and methanol extracts ofthe fruit of K africana
on the radial growth of/7 moniliforme on maize meal agar medium (OBAATANPA).

Type of Extract llomogencous
Count Mean Grouping

Aqueous 16 73.150 A

Acetone 16 78.025 B

Methanol 16 52.152 C

TABLE 27f

Multiple range analysis showing the effect ofaqueous, acetone and methanol extracts ofthe fruit o f K. africana
on the radial growth ofP. digitatum on maize meal agar medium (OBAATANPA).

Type of Extract Homogeneous
Count Mean Grouping

Aqueous 16 48.075 A

Acetone 16 51.700 B

Methanol 16 38.101 C

Means with the same letters are not significantly different.
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TABLE 28a

Multiple range analysis showing the effect of AQUEOUS extract ofthe fruit of AT africana on the radial
growth ol C. lunata, F. moniliforme and 1’ digitatum on maize meal agar medium (ABELEEH]).

Fungal Homogeneous
species Count Mean Grouping

C. lunata 16 82.125 A

F. moniliforme 16 71.210 B

P. digitatum 16 47.150 C

TABLE 28b
Multiple range analysis showing the effect of ACETONE extract ofthe fruit of K. africana on the radial
growth of C. lunata, F. moniliforme and P. digitatum on maize meal agar medium (ABELEEHI).

Fungal llomogeneous

species Count Mean Grouping

C. lunata 16 82.951 A

F. moniliforme 16 73.276 B

P. digitatum 16 47.213 c
TABLE 28c

Multiple range analysis showing the effect of METHANOL extract ofthe fruit of K. africana on the radial
growth of C. lunata, F. moniliforme and P. digitatum on maize meal agar medium (ABELEEHI).

Fungal Homogeneous
species Count Mean Grouping

C. lunata 16 75.721 A

F. moniliforme 16 54.913 B

P. digitatum 16 44,529 C

Means with the same letters are not significantly different.
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TAHLR 21

Multiple range analysis showing the effect of AQUEOUS extract of the fruit of K. africana on the radial
growth of C. lunata, F. moniliforme and P. digitatum on maize meal agar medium (OBAATANPA).

Fungal Homogeneous
species Count Mean Grouping

C. lunata 16 83.923 A

F. moniliforme 16 73.152 B

P. digitatum 16 48.079 C

TAB L E 28c

Multiple range analysis showing the effect of ACETONE extract of the fruit of K. africana on the radial
growth of C. lunata. F. moniliforme and P. digitatum on maize meal agar medium (OBAATANPA).

Fungal llomogcneous
species Count Mean Grouping

C. lunata 16 81.775 A

F. moniliforme 16 78.336 B

P. digitatum 16 51.716 C

TABLE 281-

Multiple range analysis showing the effect of METHANOL extract of the fruit of K. africana on the radial
growth of C. lunata, F. moniliforme and P. digitatum on maize meal agar medium (OBAATANPA).

Fungal Homogeneous
species Count Mean Grouping

C. lunata 16 67.533 A

F. moniliforme 16 52.156 B

P. digitatum 16 37.989 c

Menus with the.same letters are not significantly different.
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VEGETATIVE GROWTH OF THREE PAECILOMYCESSWCIFS TNMATZF, MEAL BROTH
AMENDED WTTH APT IF.O1JS. ACETONE OR MFTHANOT,EXTRACT OF THE LEAVES OF

K AFRICANA

Undiluted aqueous, acetone or methanol extracts ofthe leaves ofK. africana significantly (E”).05)
depressed the growth ofall the test fungi (Tables 29 & 30). Inmost cases this inhibitory effect on dry
matter accumulation by the fungus using different concentrations (1:1-1:5V ) was severer inthe methanol
extract ofthe plant than what existed in the aqueous and acetone extracts (Tables 29 & 30). For
examples, inthe case ofPaecilomyces carneus the dry weight ofmycelium obtained in maize meal
medium amended with undiluted aqueous, acetone and methanol extracts ofthe leaves ofK. africana
were 60,40 and 35mg, respectively. The inhibitory principle was gradually removed with increasing
dilution ofthe respective extracts such that at 1:5vvdilution the dry weight ofmycelium ofP. carneus
obtained were 2909 (aqueous) 265mg (acetone) and 250mg (methanol), indicating 3.3 to 10.2%
depression of growth.

Aqueous, acetone and methanol extracts used in amending the maize meal broth had pH’s0f4.5,4.3

and 4.0, respectively.
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TAJjLE

Vegetative growth of indicated fungal species in maize dextrose broth (ABELEEHI) amended with varying
dilutions of either aqueous, acetone or methanol extracts ofthe leaves of Kigelia africana {Dry weight of

mycelium was assessed after 8 days).

Fungal Dilution Dry weight of mycelium (mean + S.E.) in mg in the indicated extract
species ratio of extract
(‘1)) Aqgueous Acetone Methanol
Undiluted 60 £ 1.43a 40 + 2.02a 35+ 1.20a
11 240 £ 3.02b 250 + 3.26b 170 £ 2.02b
Paecilomyces 1:2 235 + 1.20c 260 + 2.54c 245 + 2.28c¢
carneus
15 290 + 2.32d 265 + 1.20c 250 + 2.14c
Control 300 + 2.71c 295 + 1,80d 315 + 2.28d
Undiluted 70 £ 2.02a 40 + 1.43a 38 + 1.43a
11 215 + 2.28b 145 + 1.80b 125 + 2.28b
P. puntonii 1:2 230 = 2.14c 145 + 2.69b 170 + 2.14c
15 235 + 2.28d 160 = 1.43c 185 + 2.69d
Control 280 + 1.43e 270 = 2.14d 240 %= 2.54e
Undiluted 53 + 1,55a 30 + 1.43a 28 + 1.12a
11 195 + 1.80b 185 + 2.44Db 170 £ 1.88b
P varioti 1:2 220 £ 1.43c 180 + 1.43b 175 £ 2.28b
15 283 £ 2.24d 200 £ 1.07c 175 + 1.80b
Control 295 = 1.20e 243 + 2.07d 255 + 2.28¢

By Multiple Range Test, means recorded for each species at the same type ofextract and bearing

the same letters are not significantly different at P<0.05.
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TAnLEQ

Vegetative growth ofindicated fungal species in maize dextrose hroth (OB AATANPA) amended with varying
dilutions of either aqueous, acetone or methanol extracts ofthe leaves of Kigelia africana (Dry weight ol
mycelium was assessed alter 8 days).

Fungal Dilution Dry weight of mycelium (mean + S.E) in mg in the

species ratio of extract indicated extract
) Aqueous Acetone Methanol
Undiluted 45 + 1.20a 45 + 1.80a 30 £ 1.43a

Paecilomyces 11 185 + 1.80b 245 + 1.80b 175 £ 2.44b

carneus
1:2 235 = 2.69c 250 =2 .14c 220 + 2.02c
15 240 £ 2.14c 295 + 1.20d 240 £ 2.54d
Control 280 + 2.14d 320 + 1.43e 305 + 2.79e
Undiluted 70 £ 1.43a 38 £ 1.55a 33+ 1.11a

P. punlonii 11 200 + 2.71b 103 + 1.94b 118 + 1.45b
1.2 220 = 2.02c 120 + 2.14c 155 + 1.58¢c
15 225 = 1.80c 118 + 1.55¢c 158 + 2.18c¢
Control 265 + 1.50d 240 £ 2.02d 270 + 2.02d
Undiluted 53+ 1.12a 23+ 1.12a 25 = 1.80a
11 155 + 2.69b 108 + 1.55b 145 + 1.80b

P varioli 12 230 + 2.54¢ 135 + 1.80c 138 + 2.56b
1.5 285 + 2.28d 150 + 2.14d 183 + 2.27e
Control 255 + 1,20e 275 + 1,80e 230 + 2.14d

By Multiple Range Test, means recorded for each species atthe same type ofextract and bearing
the same letters are not significantly different at P<0.05.
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RADIAT,GROWTH OF THRF,F. PAECILOMYCES SPP. ON MATZF MEAL AGAR AMENDED
WTTH APIIFOTIS. ACETONE. OR METHANOT,EXTRACT OF THE LEAVES OF K AFRICANA

The undiluted aqueous, acetone and methanol extracts ofthe leaves of A, africana significantly (P-
0.05) impaired the radial growth ofthe three Paecilomyces species on agar medium. However, the
effect was less severe on P. puntonii as radial growth on the agar medium amended with the undiluted
extracts approximated that o fthe control after 4-7 days (Figs. 22 &23; Appendices 39-43).

Radial growth ofP. carneus and P. varioti in the undiluted extracts significantly lagged behind that of
the control. The inhibitory effect, however, was gradually removed with increasing dilution

(1:1 1:5wv) ofthe extracts (Figs. 22 & 23). The inhibitory effect of methanol extract ofthe leaves of

K. africana seems to be the mostpotent as shown by the Multiple Range Test (£0.05) (Tables 31a-



Fig. 22

Agqueous Acetone Methanol

o o+

o8

Period ofincubation (days)

Undiluted 1:1 1:2 1:5 Control

Radial growth of Paecilomyces carneus {TOP), P.puntonii (MIDDLE) and
P.varioti (BOTTOM) at28-30°C on maize dextrose agar medium (ASEELEHI)
amended with aqueous, acetone or methanol extracts of the leaves of
Kigelia africana.
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Fig. 23

Aqueous Acetone Methanol

100 100

60

Period ofincubation (days)
Undiluted 1:1 1:2 1:5 Control

Radial growth of Paecilomyces carneus (TOP), P.puntonii (MIDDLE)
and P.varioti(BOTTOM) at 28-30°C on maize dextrose agar medium
(OBAATANPA) amended with agueous,acetone or methanol extracts
of the leaves of Kigeiia africana.



TAB LE Ha
Multiple range analysis showing the effect of aqueous, acetone and methanol extracts of the leaves of K
africana on the radial growth of P. carneus on maize meal agar medium (ABELEEHI).

Type ofextract Homogeneous
Count Mean Grouping

Aqueous 16 47.114 A

Acetone 16 46.450 B

Methanol 16 39.651 c

I’ABLK31b
Multiple range analysis showing the effect of aqueous, acetone and methanol extract of the leaves of A.
africana on the radial growth of P. pimtonii on the radial growth o f/’, punloniion maize meal agar medium
(ABELEEH]I).

Type of Extract Homogeneous
Count Mean Grouping

Aqueous 16 74.150 A

Acetone 16 67.375 B

Methanol 16 63.956 Cc

TABLE 3lc

Multiple range analysis showing the effect of aqueous, acetone and methanol extract of the leaves of K
africana on the radial growth of P. varioti on maize meal agar medium (ABELEEH]I).

Type of Extract Homogeneous
Count Mean Grouping

Aqueous 16 43.375 A

Acetone 16 41.475 B

Methanol 16 38.725 I

Means with (lie same letters are not significantly different.
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TABLE 3Ild

Multiple range analysis showing the effect of aqueous, acetone and methanol extracts of the leaves of K
africana on the radial growth of/3 carneus on maize meal agar medium (OBAATANPA).

Type of Extract Homogeneous
Count Mean Grouping

Aqueous 16 46.000 A

Acetone 16 47.825 B

Methanol 16 41.353 C

TABLE 3le
Multiple range analysis showing the effect of aqueous, acetone and methanol extracts of the leaves of A
africana on the radial growth o f/3puntonii on maize meal agar medium (OBAATANPA).

Type of Extract Homogeneous
Count Mean Grouping
Aqueous 16 75.625 A
Acetone 16 71.451 B
Methanol 16 70.900 B
TABLE 31f

Multiple range analysis showing the effect of aqueous, acetone and methanol extracts ofthe leaves of/C
africana on the radial growth of P. varioti. on maize meal agar medium (OBAATANPA).

Type of Extract Homogeneous
Count Mean Grouping

Aqueous 16 44.025 A

Acetone 16 43.525 A

Methanol 16 39.875 B

Means with same letters arc not significantly different.



VEGETATIVE GROWTH OF C. LUNATA. F. MONILIFORME AND P. DIGITATI/MIN MAIZE
MEAL BROTH AMENDED WTTH AQUEOUS. ACETONE OR MF.THANOT. EXTRACT OF

THE LEAVES OF K AFRICANA

Results obtained were similar to the effect recorded when Paecilomyces species were used as test
fungi. Undiluted extracts significantly (60.05) depressed vegetative growth o fthe test fungiin liquid
medium (Tables 32 & 33). However, this inhibitory effect was gradually removed with increasing
dilution(l:I - 1:5V\) ofthe extracts. Multiple Range Test showed that growth in mediaamended with
1:5Vvofthe extracts approximated that ofthe control in some instances (Tables 32 & 33). Thus both
the fruitand the leaves ofK. africana contain some active ingredients which could offsetthe growth of
the test fungi even at the low concentrations tested.

The pH ofthe acqueous, acetone and methanol extracts used were 4.5,4.3 and 4.3, respectively.



TABL E32

Vegetative growth of indicated fungal species in maize dextrose broth (ABELEEHI) amended with varying
dilutions of either aqueous, acetone or methanol extracts of the leaves of Kigclia africana (Dry weight of
mycelium was assessed after 8 days).

Fungal
species

Penicillium

di.gilal.uni

Curvularia

lunata

Fusarium

moniliforme

Dilution
ratio ofextract

(V

Undiluted
11
1:2
15

Control

Undiluted
11
1.2
15

Control

Undiluted
11
12
15

Control

Dry weight ofmycel ium (mean+S.E.) in mg in the

indicated extract

Aqueous

65 + 1.80a

180 + 2.02b
195 + 2.28¢c
310 = 2.54d

338 £ 1.12¢

68 + 2.07a

150 + 2.14b
215 + 1.80c
250 = 1.70d

245 + 1.80d

20 + 1,43a

100+ 1.70b
105 + 1.20b
115+ 1.SObc

133 + 2.50c

Acetone

33+ 1.12a

138 + 1.12b
195 + 2.44c
230 + 2.54d

240 + 2.02e

35+ 1.80a
110+ 1.43b
145 + 1.80c
153 + 1.79c

253 + 2.35d

20 + 143a
80 + 2.47b
85 + 1.20b
105 + 2.28c¢

100+ 1.43c

Methanol

28 £+ 1.55a

135 + 2.28b
230 + 2.54c¢
245 + 2.28d

280 + 2.47e

30 £ 1.70a
90 + 1.43b
125 + 2.28¢
130 £ 2.02¢

200 = 2.02d

15+ 1.20a
50 = 2.02b
70+ 1.43c
85 + 2.28d

125 + 2.28e

By Multiple Range Test, means recorded for each species at the same type ofextract and bearing
the same letters are not significantly different at P<0.05.



rABLES3

Vegetative growth ol indicated fungal species in maize dextrose broth (OBAATANPA) amended with varying
dilutions ol either aqueous, acetone or methanol extracts ofthe leaves of Kigelia africana (Dry weight ol
mycelium was assessed after 8 days).

Fungal Dilution Dry weight ofmycel ium (mean rt S.E) inmg inthe
Species ratio ofextract indicated extract
&)
Aqueous Acclone Methanol
Undiluted 60 + 1.43a 35+ 1,80a 30+ 1.43a
Penicillium 11 170 + 2.13b 158 dor 1.55b 110dr 1,43b
digilalum 12 200 £ 2.02c 175 dr 1.80c 135 + 1.80c
15 275 + 1.80d 205 dr 2.28d 185 dr 1.80d
Control 278 + 1.55d 235 +2.69e 260 + 2.02¢
Undiluted 65 + 1,80a 30 d- 1,70a 55 dr 1.80a
Curvularia 11 135 + 2.28b 90 o 2.54b 85 dr 1.80b
lunata 1.2 170 &= 1,42¢ 100 = 2.02¢c 85 + 2.28b
15 200 dr2.14d 110+ 2.14d 100 + 2.02¢
Control 225 rt 2.28e 255 rt2.28e 195 rt 2.69d
Undiluted 28 + 1.55a 18rt 1.12a 15 d 1,20a
Fusarium 11 90 dr 1.70b 65 rt 1.20b 55 + 1.20b
moniliforme
1.2 115+ 1.80c 80 rt |.43c 65 + 1.80c
15 125 + 2.69d 110 ar 1.43d 95 + 1.S0Od
Control 133 o 2.50d 115 o 1.SOd 110+2.40e

By Multiple Range Test, means recorded for each species at the same type ofextract and bearing

the same letters are not significantly different at P<0.05.



pp -RADIALGROWTH OF C. LUNATA F MQNILIEQRMKand P. DIGITATUM. ON MAIZE
MEAL AGAR AMENDED WTTH APT JROTIS ACETONE OR METHANOL EXTRACT OF

THE LEAVES OF K AFRICANA

Radial growth ofall the test fungi on agar media was significantly (E=0.05) depressed by the different
extracts ofthe leaves of K. africana used in amending the maize meal agar. The inhibitory effectwas severer
atthe highest concentrations (undiluted) but decreased with increased dilution ofthe extracts (Figs. 24 & 25;
Appendices 44 -49). There were marked differences in the response ofthe three test fungi to the inhibitory
principle in the plant extracts. Methanol and acetone extracts were generally more potentthan water extract
asillustrated by Plates 8 and 9. The potency ofthe inhibitory effect ofthe undiluted extracton radial growth

ofthe test fungi can be ranked as follows: P. digita.tum>F. moniliforme>C. lunata
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Fig. 24

Agqueous Acetone Methanol

[y

wne o%F-

Period ofincubation (days)
Undiluted 1:1 1:2 1:5 Control

Radial growth of Penicillium digitatum (TOP), Curvularia lunata (MIDDLE)
and Fusarium moniliforme (BOTTOM) at 28-30°C on maize dextrose

agar medium (ABEELEHIi) amended with aqueous,acetone or methanol
extracts of the leaves of Kigelia africana.
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Fig. 25

Aqueous Acetone Methanol

o~

gb ©

[EE

Period ofincubation (days)
Undiluted 1:1 1:2 1:5 Control

Radial growth of Penicillium digitatum (TOP), Curvularia lunata (MIDDLE)
and Fusarium moniliforme (BOTTOM) at 28-30°C on maize dextrose agar
medium (OBAATANPA) amended with aqueous, acetone or methanol
extracts of the leaves of Kigelia africana.
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Plate 8:

Radial growth of C. lunata on Maize meal agar amended with methanol extract of
leaves ofK. africana and incubated at 28-31 °C for 5 days (xYi).

Top: left, undiluted extract; right, control.

Bottom: left, 1:1vVv, middle, 1:2Vy; right, 1:5vy
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Plate 9:

Radial growth of C. lunata on Maize meal agar amended with aqueous extractof
the leaves ofK. africana and incubated at 28-31 °C for 5 days (x/i).

Top: left, undiluted extract; right, control

Bottom:left. I:1vv;middle, 1:2Vv; right, 1:5V
(Note the luxuriantmycelial growth in the undiluted extract).
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Q COMPARATIVE FIJNGTTOXTITTY OF AOCTTROTIS. ACETONE AND METHANOL
EXTRACTS OF LEAVES OF 7 XANTHOXII.OIDFS. AND FRUIT AND LEAVES OF K.

AFRICANA ON MYCF.T JAL GROWTH OF SIX TEST FI IJNGI

Repeat ofthe experiments reported in Chapters E-P by and large confirmed results obtained. Both test
plants (K africana and Z xanthoxyloides) showed measurable fungitoxic activity (measured by % mycelial
inhibition) on the growth of six test fungi, namely, Paecilomyces carneus, P. puntonii, P. varioti, Curvularia
lunata, Fusarium moniliforme and Penicillium lunata which were isolated from two newly developed
maize varieties, Abeleehi and Obaatanpa. The results can be summarised as follows:

1 Percentage mycelial inhibition was generally higher inthe undiluted extracts as compared to what
existed inthe 1:1vydilution Tables 34 & 35).

2. Inhibitory activity was significantly (R0.05) higher in methanol extractthan in aqueous or acetone
extract ofthe test plants (Tables 34 & 35).

3.  Extractofleaves ofK. africana was more potentthan test solutions obtained from its fruit and
leaves of Z. xanthoxyloides.

4. Among the Paecilomyces species tested, P. puntonii was the most resistant to the fungitoxic
principles in all the test plants allowing only 1.0- 7.4% inhibition ofmycelial growth. The remaining species,

P. carneus and P- varioti could be controlled by the various extracts used in amending the growth medium.
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TAIILE 34

Mycelial Inhibition (% MI) by aqueous, acetone and melhanol extracts ol indicated plant parts ol Zanthoxylum
xanthoxyloides and Kigelia africana on radial growth of three Paecilomyces spp. at 20 - 30°C. (Medium
used was Maize Dextrose Agar from "Abeleehi”).

Fungal Plant Dilution % Mycelial Inhibition (MI)
00 Aqueous Acetone Methanol
Undiluted 14.-1 27.8 32.7

'I..xanthoxyloides

(leaves) 11 10.7 4.3 9.0
. Undiluted 36.3 30.3 41.3
Paecilomyces )
carneus K.africana
(fruit) 11 16.7 3.1 18.1
. Undiluted 47.8 48.7 47.0
K. africana
(leaves) 1 13.0 8.8 24.7
. Undiluted 1.0 2.8 7.4
z xanthoxyloides
(leaves) 11 1.0 1.0 1.0
. ) Undiluted 3.9 4.0 9.0
P.puntonii K. africana
(fruit) 1:1 1.0 1.0 4.7
. Undiluted 7.8 29.5 6.9
K. africana
(leaves) 11 1.0 11.9 1.0
. Undiluted 40.9 30.6 35.4
z xanthoxyloides
(leaves) 11 10.7 3.5 9.6
i Undiluted 24.1 19,5 30.7
P.varioti K. africana
(fruit) L1 13.8 9.8 11.4
i Undiluted 38.6 47.3 48.4
K. africana
(leaves) 11 22.8 20.5 9.4

I-ligh M1(%) above 1.0 shows some measurable inhibition of growth ofthe fungus.
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TAHLES35

Myecelial inhibition (%MI) by aqueous, acetone and methanol extracts of indicated plants parts of
Z.xanlhoxylaides and K. africana on radial growth of Curvularia lunata, Fusarium moniliforme and
Penicillium digitatum at 28 - 30°C (Medium used was Maize Dextrose Agar from “Abeleehi”).

Fungal Plant Dilution % Mycelial Inhibition (MI)
species material ratio
(Mv) Aqueous Acetone Methanol
) Undiluted 15.6 44.1 43.3
Z.xanthoxyloides
(leaves) 11 3.6 7.4 15.4
. . >
Curvularia K. africana Undiluted 24.1 20.6 99,5
lunata (fruit)
11 7.2 5.6 15.2
] Undiluted 15.1 57.5 56.9
K. africana
(leaves) 11 10.4 12.3 40.3
_ Undiluted 39.7 34.8 41.4
Z. xanthoxvloides
(leaves) 11 18.2 13.8 18.0
) ] Undiluted 42.3 41.8 46.1
Fusarium K africana
monilforme (fruit) 11 9.9 9.5 29.4
) Undiluted 32.8 47.1 47.8
K. africana
(leaves) 11 15.3 37.5 33.9
_ Undiluted 39.8 35.6 34.4
Z. xanthoxyloides
(leaves) 11 12.0 4.7 18,3
Undiluted 33.6 37.6 34.9
Penicillium K africana
digitatum (fruit) 11 19.6 26.5 20.6
K. africana Undiluted 44.6 46.9 53.6
(leaves)
11 10.1 15.2 28.9

High M1(%) above 1.0 shows some measurable inhibition ofgrowth ofthe fungus.



R.  INFLUENCE OF API JEOtJS. ACEJONE AND METT-IANOT -EXTRACTS OF EITHER LEAVES
OF Z XANTHOXYLOIDFS. FRTITTOR TEAVF.S OF KIGFJ.1A AFRICANA ON

SPORULATION OF THE TF.ST FTENOT

Extracts from the leaves ofZ xanthoxyloides, and fruitand leaves ofK. africana variably affected
sporulation ofthe fungi.

Aqueous, acetone and methanol extract of the leaves of Z. xanthoxyloides completely inhibited
sporulation of P carneus at all levels ofdilutions (1:1,1:2 and 1:5v\), except the aqueous extract of 1:5Vy
dilution, where sporulation was depressed by 45.5% (Table 36). Sporulation ofthe rest ofthe test fungi was
commensurate with the concentration oftire extract applied such that further dilution beyond 1:1Vvpermitted
sporulation (Tables 36 & 37).

The highest concentrations of methanol and aqueous extracts from the fruit of K. africana completely
depressed sporulation by P. carneus (Tables 38 & 39), while acetone extract ofthe same concentration
depressed sporulation by 62.4%.

Extracts of the leaves of K. africana, also, completely depressed spore production in P carneus
(Tables40 & 41). Methanol extracts ofthe leaves ofK. africana could depressed sporulation in F. moniliforme
by 95.5% (undiluted) and 83.0% (in 1:1V.). Undiluted extract generally exerted some measurable depression
on spore production by almost all the test fungi (Tables 40 & 41).

Analysis ofvariance showed thatthe effectiveness ofboth plants extracts on sporulation by the test fungi
differ significantly (P 0.05) and can be ranked as following in descending order: leaves of Z
xanthoxyloides>lezves ofK. africana>fruit of K. africana for Curvularia lunata, Paecilomyces carneus
and P. puntonii.

The general effect on sporulation was however, different for P. digitatum and F. moniliforme. The effect

could be ranked as follows (in descending order):Fruit of K. africana>leaves of K. africana>leaves ofZ.

xanthoxyloides.
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TA IU, E36

Effect ofaqueous, acetone or methanol extracts ofthe leaves ofZanthoxylum xanthoxyloides on sporulation
ofthe indicated fungal species on maize dextrose agar medium (ABELEEHI) at 28 - 30°C.

Fungal Dilution No. of spores per ml (xIO3

species ratio of extract
(v Aqueous Acetone Methanol
Undiluted
11

Paecilomyces 12

carneus 15 55
Control 10.1 3.1 11.9
Undiluted 74 6.0 3.6
11 19.7 15.9 10.0

Paecilomyces 1.2 44.5 13.6 20.5

puntonii 15 31.9 11.9 20.0
Control 50.9 22.8 42.1
Undiluted 92.1 9.5 80.7
11 53.7 19.7 40.4

Penicillium 1.2 705 41.2 44.3

digitatum 15 745 58.3 65.9
Control 82.8 57.1 70.9
Undiluted 2.9 2.3 33
11 2.8 5.5 3.7

Curvularia 1.2 4.9 6.8 7.1

lunata 15 5.2 9.1 6.7
Control 6.7 5.2 7.5
Undiluted 36.0 27.5 37.8
11 75.1 50.3 58.9

Fusarium 1.2 63.6 67.3 86.1

moniliforme 15 80.1 64.0 90.5
Control 124.4 128.9 140.8

No sporulation



TABLE37

Effect ofaqueous, acetone or methanol extracts ofthe leaves of Zanthoxylum xanthoxyloides on sporulation
ol the indicated fungal species on maize dextrose agar medium (OBAATANPA) at 28 - 30°C.

Fungal Dilution No. of spores per ml (x 103
ratio of extract
() Aqueous Acetone Methanol
Undiluted
11
Paecilomyces 12
carneus 15
Control 81 4.3 6.8
Undiluted 7.9 6.5 8.7
11 16.5 121 135
Paecilomyces 12 32.0 121 12.3
puntonii 15 36.0 18.0 10.3
Control 37.2 o8 39.3
Undiluted 91.9 73 95.9
11 39.7 20.5 90.4
Penicillium 1.2 98.9 66.8 36.0
digitatum 15 87.2 67.5 52.5
Control 345 70.3 54.0
Undiluted 2.4 2.3 2.3
11 2.6 4.5 6.5
Curvularia 1.2 3.2 3.7 5.1
lunata 15 3.7 3.6 6.1
Control 2.6 5.1 51
Undiluted 36.0 28.5 53.1
11 65.2 40.1 88.1
Fusarium 1.2 69.6 55.5 54.5
moniliforme 15 70.9 52.9 70.9
Control 147.6 148.0 146.8

No sporulation
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TAB L E38

Effect oi acqueous, acetone oi' methanol extracts of the fruit o[Kigelia africana on sporulation ol the indicated
lungal species on maize dextrose agar medium (ABELEEH]) at 28 - 30°C.

Fungal Dilution No. of spores per ml (xIO3

species ratio of extract
V) Aqueous Acetone Methanol
Undiluted 3.5
11 21 2.4

Paecilomyces 1:2 4.9 41

carneus 15 8.4 51 3.9
Control 5.9 9.3 9.6
Undiluted 21 14.9 59
11 125 26.8 25.5

Paecilomyces 12 15.9 36.2 343

puntonii 15 145 43.3 36.7
Control 42.0 35.6 43.2
Undiluted 11.7 22.8 14.0
11 12.3 38.3 29.3

Penicillium 1:2 19.3 63.1 54.0

digilalum 15 17.1 70.4 66.8
Control 57.5 58.3 75.5
Undiluted 3.0 3.9 3.7
11 4.0 7.7 41

Citrvu/ciria 12 9.3 12.0 13.6

lunata 15 13.7 14.0 11.7
Control 10.4 10.0 17.2
Undiluted 7.9 243 9.5
11 25.6 32.8 53.5

Fusarium 12 32.1 39.7 495

moniliforme 15 40.0 60.0 75.9
Control 64.3 66.9 103.5

No sporulation
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TABLE 39

Effect ofaqueous, acetone or methanol extracts of the fruit o fKigelia africana on sporulation of the indicated
fungal species 011 maize dextrose agar medium (OBAATANPA) at 28 - 30°C.

Fungal Dilution No. of spores per ml (x 103

species ratio ofextract
(') Aqueous Acetone Methanol
Undiluted 5.3
11 17 83

Paecilomyces 12 2.5 7.3

carneus 15 2.4 9.3
Control 31 7.2 4.5
Undiluted 17.7 25
11 9.9 30.5 14.7

Paecilomyces 12 10.4 48.4 39.6

puntonii 15 23.7 49.7 43.9
Control 56.4 43.9 515
Undiluted 12.7 46.1 75
11 19.6 56.5 13.6

Pencillium 1.2 10.5 78.1 36.5

digitatum 15 21.7 87.2 47.5
Control 101.5 94.4 91.1
Undiluted 0.7 5.6 3.9
11 12 9.9 4.9

Curvularia 1.2 5.3 7.9 3.9

lunata 15 7.3 14.3 71
Control 4.8 8.0 9.9
Undiluted 104 20.9 75
11 22.1 40.3 35.9

Fusarium 12 53.6 66.4 44.9

moniliforme 15 42.0 72.9 61.1
Control 118.3 144.1 155.2

No sporulation
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TABL 40

Efiect ol aqueous, acelonc or methanol extracts ofthe leaves o I'Kigelia africana on sporulation ol Ihe

indicated lungal species on maize dextrose agar medium (AI5EI ,liLil Il)at 28 - 30°C.

Fungal Dilution No. ofspores per ml (x 109

species ratio of extract
V) Aqueous Acetone Methanol
Undiluted 2.4
11 3.7

Paecilomyces 12 2.4

carneus 15 5.6
Control 4.7 3.2 8.3
Undiluted 7.1 5.2 4.9
11 135 10.0 19.1

Paecilomyces 12 52.3 16.8 21.7

puntonii 15 53.5 13.6 25.8
Control 43.6 28.4 39.8
Undiluted 54.4 34.4 7.2
11 49.1 46.0 14.0

Penicillium 1.2 70.5 57.2 37.3

digitatum 15 52.7 52.8 28.9
Control 69.7 80.4 60.0
Undiluted 41 3.2 4.2
11 5.6 6.7 6.3

Curvularia 12 3.6 7.7 8.5

lunata 15 8.4 6.3 8.7
Control 5.7 8.3 11.2
Undiluted 20.4 23.6 9.0
11 37.3 52.4 235

Fusarium 1.2 83.7 54.0 46.3

moniliforme 15 75.1 52.8 48.3
Control 128.0 1184 144.7

No sporulation
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TANLEA4

Effect of'aqueous, acetone or methanol extracts of the leaves al'Kigelia africana on sporulation ol'the indicated
fungal species on maize dextrose agar medium (OBAATANPA) at 28 - 3()°C.

Fungal Dilution No. ofspores per ml (xI 0-)

species ratio of extract
eo Aqueous Acetone Methanol
Undiluted 5.7
11 5.6

Paecilomyces 1.2 4.8

carneus 15 3.2 4.9
Control 5.6 2.9
Undiluted 5.1 4.8 35
11 121 19.1 25.7

Paecilomyces 1.2 21.2 18.4 22.0

puntonii 15 52.7 19.7 22.3
Control 44.3 32.1 45.9
Undiluted 457 39.3 14.1
11 39.3 54.1 255

Penicillium 1.2 57.5 56.5 15.6

digitatum 15 58.4 61.7 321
Control 63.9 86.8 49.2
Undiluted 3.3 0.7
11 5.3 4.0 2.9

Curvularia 1:2 3.7 5.6 4.8

lunata 15 4.5 5.7 3.7
Control 55 8.0 7.8
Undiluted 17.6 135 6.3
11 46.5 43.9 23.6

Fusarium 1.2 90.0 43.1 51.9

moniliforme 15 84.5 47.7 43.9
Control 147.5 127.3 138.8

No sporulation
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V. DISCUSSION

Maize isan important seasonal crop in West Africa. When stored as dry grains it forms an enormous
reserve of food. However, stored maize is subject to attack by a variety of insects, fungi and other
biodeterioagents. Losses in storage due to insects and fungi is estimated at between 25-50% ofthe annual
harvest (Rawnsley, 1970; Adams, 1977).

Therole offungi in quality deterioration ofgrains iswell documented in developed countries (Bothast
etal., 1975; Christensen and Kaufmann, 1965,1969; Tuiteetal., 1967) and in some African Countries
(Broadbentetal., 1969; Oyeniran, 1973; Moubasher etal., 1972). Members ofthe genus Aspergillus
were the most predominant followed by Penicillium.

The initial population of fungi in the grains from Balduzzi Warehouse was 4.8 - 5.4 logDdug-lbut
decreased by 0.4 -1.3 log cycles after 2 months. The position from which the grains were sampled did not
influence the results (Table 2). Presumably, the similar moisture contents, the source and handling history of
the grains before storage could have contributedto the similarity in the results obtained from top, middle and
bottom ofthe stacks.

Aspergillusflavus was ubiquitous and the most predominant fungal species (24.2 - 38.1%) appearing
onwhole grains either by the Blotter method orthe decimal dilution technique followed by Mucor haemalis
(3.4-21.4%) (Table 4). The method ofisolation and media used may influence the species offungi
encountered. This partly explains why the use oftwo media and two methods ofisolation enabled one
isolate a wider range of fungal species. A.sulphureus, Fusarium roseum, Penicillium citrinum,
P.chrysogenum, P.glabrum, P.oxalicum, P. brevicompactum and Mucor haemalis are being recorded
for the first time on local maize variety and they extend the list of Danquah (1973), Odamtten and
Kampelmacher (1986). The preponderance ofAspergillus species over other generaencountered followed
by genus Penicillium confirms previous findings by many workers for maize in Ghana and elsewhere.

Twenty four different fungal species were isolated from the air within the Balduzzi Warehouse at
Kumasi at44 - 55% ERH and 29-32°C inspite of frequent fumigation. In many publications (Majumder et
al., 1955,1963; Raghunathan et al., 1969; Tsurunta and Ishirava, 1966; Narasimhan and Rangaswnay,

1968; Vander graftetal., 1973) effect of insecticide on some strains of fungi were strain dependent as well
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asonthetype ofinsecticide applied. Itiswell knownthat volatile substances interfere with respiratory mechanisms
ofspores (Hawker etal., 1952;). The cell wall composition and wall contents vary not only in species offungi
but also the stages of development such as hyphae and conidiophore etc.; mycelia are more susceptible than
spores. Odamtten (1986), showed that prophylactic spraying of Supreme Warehouse at Tema with Actellic
25Rand Phosphine Detia-x resulted in reduction of fungal colony counts and the elimination ofsome fungal
species, butthiswas followed by anincrease in fungal colony counts inthe subsequentsampling weeks. Additional
work isneeded to elucidate the possible effect o fthe fumigants/insecticides used in the Warehouse on the airspora.

Interestingly, twelve but ofthe 24 fungal species encountered inthe airspora also contaminated the maize
grainsin the Blotter test. They were A.flavus, A.niger, A.sulphureus, A.tamarii, P.citrinum, P.chrysogenum,
P.cyclopium, P.digitatum, P.glabrum, Cladosporium herbarum, Fusarium moniliforme and Mucor haemalis.
Thus, again Aspergillus and Penicillium species predominated over members ofother genera encountered.

The species offungi isolated from ‘Abeleehi’and ‘Obaatanpa’ varietyvaried and depended on the method”/ /V/s
ofisolation, storage humidity and type ofmicrobiological medium used in isolating the resident fungi. Thirty (30)
differentfungal species were isolated from Abeleehi as compared to twenty-eight (28) from Obaatanpa variety.
These species are all being recorded for the firsttime inthese two newly improved maize varieties in Ghana.
Again, Aspergillus species predominated over other genera encountered followed by Penicillium. Aspergillus
and Penicillium species are ofimportance in the warmer tropics because they contain many species capable of
growth and production ofpotent mycotoxins at low water activities (Smith and Moss, 1985).

Some fungal species ofpathological importance (Curvularia lunata, Fusarium moniliforme, Penicillium
spp, and Paecilomyces spp) (Neergaard, 1983) were encountered in both Abeleehi and Obaatanpa varieties
thatrequired further studies. A.flavus was isolated from both maize varieties stored at 55-95% in both open
Petri dishes and those kept in woven polypropylene sachet; total number of fungal colonies in grains using the
directplating method and the total fungal population obtained by the serial dilution technique was higher in maize
varieties stored exposed in Petri dishes than the same grains kept inwoven polypropylene sachets (Tables 13
and 14). Presumably, woven polypropylene restricts air and moisture flow to and from within the bags. Indeed,
New (1995) showed thatjute-sack fabric allows greater airflow than any ofthe woven polypropylene (8x8,8x7

and 8x6 mesh) under conditions simulating those in a stack ofbagged grain. Ifmovement ofairthrough bag walls
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is afactor in heat loss from bagged grain; then maize bagged injute would lose heatto the surroundings
faster than maize bagged in woven polypropylene.

Moisture sorption isotherms of Abeleehi aid Obaatanpa varieties followed a sigmoid curve; an initial
high rate ofwater absorption followed by a decrease at saturated pointafter which grains seem notto pick
up any more moisture (Odamtten and Langerak, 1980). The equilibrium period for grains stored at 65-
85% ERH was 8-12 days whereas moisture content ofgrains kept at 90-95% ERH continued rising (Figs
10 & 11). Analysis ofvariances to ascertain the influence of ERH, packaging material, incubation period
and maize variety on moisture sorption as well as the interaction o fthese factors showed that each ofthese
significantly (P<0.05) influenced moisture sorption and desorption ofthe two maize varieties. Consequently
grains stored in open Petri dishes significantly absorbed more moisture than same samples stored in woven
polypropylene sachets. This confirmsthe prognosis that woven polypropylene restricts moisture transfer
(New, 1995; Odamtten and Kampelmacher, 1986).

Naturally, one would expect larger number of individual fungal species to be isolated atthe higher
ERH’s (80-95%) than at the lower ERH’s (55-75%) as moisture content (m.c) ofgrain increased so will the
availability ofwater for fungal growth. Thusthe m.c. ofObaatanpavariety increased from an initial 10.0%
to 14-17.2%) after 36 days at 85-95% ERH. Inthe case of Abeleehi variety m.c. increased from an initial
11.0%to 13.9 -18.1 % atERH’s 85-95%. A moisture contentof 12.5% atERH < 75% is considered safe
for maize storage (Muckle and Stirling, 1971). The m.c. of Abeleehi and Obaatanpa varieties stored at
ERH. 55-75% had m.c. ranging from 10.2-12.5% and 9.2-12.5%, respectively, and were on the “safe”
side (Tables 10and 11) which explains why they were less susceptible to deterioration by the resident fungi.

A flavus, A.fumigatus and A.niger were ubiquitous and could be isolated at all ERH’sused (55-
95%) whereas xerophilic species like Aspergillus giganteus, Paecilomyces carneus, P.puntonii and
P.variotiwere isolated ata low ERH 0f55-75%. The survival offungi in grains has recently been studied
by Kesse (1995). The conidiaofAspergillus spp showed varied longevity. Longevity was influenced by
species, relative humidity atwhich spores were fonned by the humidity ofstorage and light conditions.

Fungi are largely responsible for decrease in germination capacity ofseeds during storage (Neergaard,

1983; Christensen and Lopez, 1963, Fields and King, 1962). Infected peas kept at 85% ERH and 30°C
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loss viability within six months when invaded by A.flavus, A. candidus and A.ruber in contrast with fungus-
free seeds with 95% germination (Field and King, 1962). Sound maize, wheat and sorghum retained
germination 0 f90-95% throughouteven at am.c. favourable for fungal growth whereas infected samples
lost viability within a few weeks or months (Christensen and Lopez, 1963).

Data from this thesis show that there was no statistical difference (P< 0.05) between the germination
of Abeleehi and Obaatanpa varieties incubated at ERH’s 55-85%. However germination capacity ofthe
grain was drastically reduced at 90-95% ERH (Fig.8). Dataon the percentage germination of grains kept
in woven polypropylene were similar to those exposed to the ambient ERH. The storage humidity also
significantly (P< 0.05) influenced the length ofthe emerging radicles (Fig.8) such thatat ERH 95% the
length ofthe emerging radicle was reduced by 39-61% depending on the maize variety (Fig.9). Odamtten
and Kampelmacher (1986) showed that both storage ERH and type ofpackaging material affected the
germination ofcowpea, groundnut, maize, milletand sorghum. The higherthe storage humidity, the lower
the length o ftire emerging radicles (Odamtten and Kampelmacher, 1986). This confirms the present findings.

Water absorption by Obaatanpa variety was significantly (P< 0.05) higherthan Abeleehi variety
placed under the same conditions (Figs. 10-13). This explains why Obaatanpa variety showed a
comparatively better water absorption level than Abeleehi (Fig. 1a). Similarly, local normal white maize
absorbed better than stackbum  local white maize (Fig. 16). There was no statistical difference between
the water absorption capacity ofthe normal yellow and stackbum'. yellow maize.

The degree of seed water absorption and swelling as well as the 1000 - seed weight are important
physical characteristics that are used by the food processor to evaluate grain acceptability. Forexample, in
the cocoa industry, up to 1000 beans count per kg. sample is considered ‘main crop’which has low shell
and high fat content; 1100 up to 1200 beans per kg is regarded as ‘light crop’and has high shell and low fat
content. Cocoabean processors prefer the former category with higher fat content (Cocoa, Chocolate and
Confectionery Alliance, 1968; Wood, 1973).

The 1000-seed weight ofmaize (Table 16) is a reflection ofthe density or ability to accumulate dry
matter. Obaatanpa has ahigher density (173.2 + 2.0g) than Abeleehi (268.9 + 4.2g); stackbumed yellow

maize (331.7% 5.49); white stackbumed maize (237.8 + 1,99) has a lower density than non-stackburnc
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white (275.3 £ 2.1g) (Table 16). The decrease in swelling ofstackburnt white and yellow maize is a
disadvantage as the ability ofmaize to swell when soaked is one ofthe desirable characteristics preferred by
the food processor (Sefa-Dedeh, 1993). After soaking, swollen kernels give the impression ofincrease in
amount o fmaterial. High density grainsrequire fewer kernels to achieve a certain volume than low density
grains. This partly explains the decrease in swelling ofstackburnt .yellow and white grains with lower
1000-seed weight.

Steeping ofmaize grains prior to milling is essential as itimproves the milling properties ofthe maize
and offers better consistency ofthe dough. Steeping also initiatesthe activities oflactic acid bacteriawhich
actas a buffer system that keeps the steepwater around pH 4.0. Undesirable microorganisms atthis pH 4.0
are inhibited (Watson, Hirata and Williams, 1955). The pH’softhe steepwater ofstackburnt. and non-
stackbumed yellow maize were 4.17 and 4.22 respectively; that ofnon-stackbumt white maize was
4.18 (Appendix 5). The pH ofsteepwater of Abeleehi, Obaatanpa and stackburnt white maize were
4.53,5.02 and 5.26 respectively.

The pH profile ofwet and dry milled maize (normal and stackburnt.)undergoing spontaneous
fermentation was generally similar at least during the first 24-48h (Figs 6 and 7) attended by a drop in pH
from 5.0-6.5 to pH 4.2 - 4.6. However with time the wet-milled maize increased in pH from 4.4t0 5.1 in
72h. Wet-milling by soaking grains as practised by the indigenous kenkey manufacturers is an essential step
indough preparation as its omission results in a kenkey productwith inferior textural quality. Indeed, Nche
etal. (199f) showed that dry-milled maize flours had pasting and set-back viscosities that were inferior to
those o fthe traditionally prepared doughs from steeped maize grains. Pre-gelatinised aflata from unfermented
dry-milled maize flour resulted in crumbly and friable kenkey product (Nche etal., 1994).

Over the years, several interesting and significant reviews have appeared on bio-pesticides and
biofungicides (Van Latum and Gerrits, 1991). The number of literature references concerned with the
subject exceed 5,000. Several thousand species of higher plants and an unknown number of fungi and
lower plants have been screened (Van Latum and Gerrits, 1991).

The major pests and pathogens taking heavy toll on agricultural crops in the field and in storage are

insects and fungi. The idea ofcontrolling them by the use ofchemicals is not new. However, many ofthe
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original chemicals developed generally become injiirious to the environment with non-specific activity
(Cremlyo”978). There isnow a greater awareness ofthe dangers ofenvironmental pollution arising from
thewidespread application ofchemicals; pesticides and fungicides (Carson, 196J) and candidate chemicals
have to pass increasingly stringenttests on the toxicity and residue formation before they can be marketed
as pesticides/fungicides in many countries. This has provided impetusinresearch on new biopesticides
naturally derived from plantorigin. Such compounds are safer and more selective intheiraction and do
not affectnon-target organisms. Theneedto evaluate the biological activities o fextracts and phytochemical
constituents (active ingredients) is not only important for the development ofnew therapeutic agentbut
also the new chemicals isolated from the plants with some biological activity become a springboard for
chemists exploring plants for lead compounds to manufacture synthetic analogues from these naturally
occurring compounds.

Aspartofan on-going research in this laboratory, over 30 local plants belonging to 20 families
have beentested fortheir fungistatic and antibacterial activities (Ahiabu, 1985; Myles, 1986; Boateng,
1986; Sanuna, 1990; Apetorgbor, 1991; Odamtten, 1992; Owusu-Boiatey, 1992). In Chapters E-R of
this thesis, aqueous, acetone and methanol extracts of Zanthoxylum xanthoxyloides and Kigelia
africana were tested for their fungistatic effect on fungi isolated from Abeleehi and Obaatanpamaize
varieties namely Paecilomyes carneus, P.puntonii, P.varioti, Curvularia lunata, Fusarium
moniliforme and Penicillium digitatum.

Aqueous, acetone andmethanol extracts ofthe leaves of Z.xanthoxyloides variably depressed
vegetative growth ofall test fungi in liquid medium and radial growth on agar amended with varying
concentrations ofthe extracts. Depression ofgrowth was severer atthe higher concentrations (Undiluted
-1:1v/v) and the inhibitory principle was gradually removed with increasing dilution o fthe extract (Figs.
14-25; Tables 21-33). Methanol extractofthe leaves ofZ.xanthoxyloides was the most effective on
the three Paecilomyces species followed by acetone and water extracts in decreasing order. There
were some exceptions, however, as there was no statistical difference (P<0.05) between the efficacy of
the acetone and aqueous extract ofthe leaves of Z.xanthoxyloides on the vegetative growth of C.

lunata, F.moniliforme and P.digitatum. Odebiyi and Soforowa (1979) have isolated benzoic acid
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derivatives, alkaloids including furoquinoline, L-benzyltetrahydroisoquinolines, orthocoupled, aporphines,
amides, bi-cyclic coumarins, furanocoumarins and pyranocoumarins, liquans and cinnamic acid derivatives.
Tortoetal. (1969) and Ayitey-Smith (1989) added skinmianine, chelerythrine, dihydrochelerythrine, artarine
(9-ethoxychelarythrine) to the list ofactive ingredients from Z.xanthoxyloides. These compounds may
have contributed to the fungistatic effect ofthe leafextracts o fZ.xanthoxyloides on the test fungi. However,
the yield o fthe active ingredients may depend on the extracting solventused. This partly explains why the
efficacy ofthe extracts in depressing vegetative growth varied depending on the solventused in extracting the
active ingredients. Otherworkers, example, Sabir etal. (1987) found that ethanol extracts ofthe leaves,
stems and seeds ofArdisia solanacea was the most potent against most ofthe Gram positive and Gram
negative bacteria they used when compared to the hexane, chloroform and methanol extracts ofthe same
plantparts. Chloroform extract ofMyrsine africana was more potent on test pathogenic bacteriathan the
ethanolic extracts (Tahiretal. 1988). Aspergillus niger and Candida albicans were effectively controlled
by chloroform extracts of 34 plants tested by Almagboul et al. (1988) but notthe aqueous and methanolic
extracts ofthe same plants. Results in this thesis extends the listoffungi reported by Apetorgbor (1991) and
Owusu-Boaitey (1992) whose vegetative and reproductive phases oftheir life cycles are adversely affected
by extracts of Z.xanthoxyloides.

K.africana is used extensively in traditional medicinal practice (Sharmaetal. 1993; Houghton et. al
1993;lrvine, 1961; Anonymous, 1959,1986). Flavonoids have been isolated from the leaves and fruits
(El-Sayyad, 1982; Govindachari, 1971) sterols, coumarins and napthaquinones, naphthaquinoids from roots
(Inoueetal. 1981; Joshi etal. 1982), iridoids, speciosidesl(EI-Naggaretal. 1980), verminoside Il and
minecoside Il (Sticher etal., 1979) from root bark.

Results from chapter E-P showed that leafextracts of K.africana was the most potent against the
vegetative growth ofPaecilomyces carneus, P.varioti, C.lunata, F.moniliforme and Penicillium digitatum
(Figs. 22-25, Tables 34 & 35) compared to extracts from its own fruit and tire leaves ofZ.xanthoxyloides.
Effect on vegetative growth of P.puntonii was less severe allowing only 1.0 - 7.4% inhibition ofmycelial
growth (Figs. 14-25; Tables 17-33). Presumably some ofthe active ingredients inthe leaves and fruits of

K.africana mentioned above might have contributed to the fungistatic effect observed ‘invitro’.
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In the concluding Chapter ofthis thesis the effect ofthe extracts ofthe leaves ofZ.xanthoxyloides
and the leaves and fruits of K. africana were tested for their effects on the sporulation of P.carneus,
P.puntonii, C.lunata\ F.moniliforme andP.digitatum. The highest concentration ofthe extracts significantly
(P<0.05) and variably suppressed sporulation o fthe test fungi. This inhibitory effectwas gradually removed
with increasing dilution (Tables 36-41). The severity ofthe inhibition ofsporulation can be ranked as
follows for C.lunata, P.carneus andP.puntonii in descending order:

Leaves ofZ.xanthoxyloides >leaves ofK.africana > fruit of K. africana.

In the case of P.digitatum and F.moniliforme the trend was different as indicated in descending
order: FruitofK.africana > leaves ofK.africana > leaves of Z.xanthoxyloides.

There was another interesting variation. Leave extracts (aqueous, acetone and methanol) completely
inhibited sporulation ofP.carneus at all levels of dilution tested (undiluted, 1:1,1:2,1:5v/v) except the
aqueous extractat 1:5v/v dilution where sporulation was depressed by 45.5% (Table 36).

Thus, the efficacy ofthe plantextracts in preventing/depressing both vegetative growth and sporulation
depends on (a) the solvents used in the extraction ofthe active ingredients (b) the plantpart used and (c) the
concentration ofthe extract applied.

A fortuitous condition is created in which the active ingredient not only depress vegetative growth of
the fungi athigh concentrations butalso drastically reduce or prevent sporulation and could serve as effective
biocontrol agents. However, only 50g samples have been used inthe screening tests reported in this thesis.
Ifindeed the weight ofthe test sample is increased to 1kg or more, itis anticipated thatthe yield o fthe active
ingredients could be improved proportionately. In future studies, the sample weight could be increased and
abroader spectrum ofpolar and non-polar solvents used to see ifthe yield and efficacy ofthe anticipated
active ingredients could be increased. There were differences in the ability ofthe fruit and leafextracts of
K africana in depressing both vegetative and sporulation ofthe test fungi. Future studies could be extended
to include the root bark, stem bark and flowers ofK africana - a promising plant for biocontrol ofplant
pathogenic fungi resident in maize.

The practical conclusion from these findings is that the newly developed maize varieties' Abeleehi’
and ‘Obaatanpa’harbour potential pathogenic fungi belonging to different genera. P.carneus, P.pantonii,

P.varioti, C.lunata, F.moniliforme and Penicillium digitatum were selected for further studies. The
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two plants used Zxanthoxyloides and K.africana are biocontrol agents containing active constituents that
showed variable phytoxicity againstthe selected test fungi.

The use ofplants with toxic or repellant action against pests and pathogens isa common protection
practice in traditional agricultural system in developing countries. Traditional practices ofadmixture of
grainswith natural plantproducts isused primarily with the view ofcurtailing insect infestation. However,
these practices are not very widespread and their efficacy have not been exhaustively investigated. No
attempt has been made to use natural plant products as admixtures of grains to prevent fungal proliferation
during storage.

There are two possible ways in which Z.xanthoxyloides and/or K. africana (fruit/leaves) can be
used in biocontrol ofplant pathogenic fungi. The plant part with toxic repellant can be used in powdered
form as admixture ofgrains in storage, seed dressing with chemical fungicides before storage or sowing has
been along-standing practice in plantpathology (Nene, 1971). This method can find application here using
the pulverised plant parts of K. africana or Z.xanthoxyloides. Secondly, active ingredients ofplants when
isolated and formulated into a natural fungicides can be used as prophylactic aerial spray or soil drench in
instances where the crop inthe field is infected by the test fungi listed above. However, plantbiotoxins are
natural toxins that need to be scrutinized carefully because possible harm may result from over exposure to
some ofsuch substancesjust as itis with certain synthetic chemicals. They cannottherefore be applied
indiscriminately. With the help ofresearch under controlled circumstances, criteriaand guidelines can be
developed under which biofungicides whose efficacy have been proven in this thesis can be promoted
further and at some time their application be rendered environmentally friendly. Ifthis is eventually achieved,
this thesis would serve as a springboard and the basis for future application offindings for better storage,

growth and higher yield ofmaize grains inthis country.
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3.(a)

(b)

@

(b)

(©

(d)

VI. SUMMARY
Twenty four different species offungal airsporawere isolated from the Ghana Food Distribution
Corporation warehouse at Balduzzi, Kumasi. Aspergillusflavus was the most predominant
Asperigillus species isolated throughout the two months’ storage and constituting 41.7- 44.0% of
the total species recorded. Mucor haemalis constituted 4.0-20.5% ofthe total mycoflora.
Aspergillus species (A. clavatus, A.flavus, A.fumigatus, A. niger, A. ochraceus, A. parasitins,
A. sulphureus and A. tamarii) were more predominant followed by Penicillum species (P
chrysogenum P. citrinum, P. cyclopium, P. digitatum and P. expansum).
The initial population of fungi recorded in the grains was 4.8-5.4 Log|C0cfu/g and this decreased by
0.4-1,310g cycles after 2 months.
There was no statistical difference between data collected from the top, middle and bottom ofthe
stackbags in the Warehouse.
The species diversity in tire grains obtained by the decimal serial dilution technique varied from what
existed in the direct plating method. In spite ofthis variation, A.flavus was the most predomimant
species (24.2-38.1%) isolated, followed by M. haemalis (3.4-21.4%).
The advantage of using a wider range ofmedia for the isolation of fungi was that it enabled one to
isolate a wider range of fungal genera and species.
The species offungi thatwere encountered in Abeleehi and Obaatanpa maize varieties depended on
the method ofisolation, storage equilibrium relative humidity and the type ofisolation medium used.
The packaging material also influence the profile offungi encountered.
Using direct plating method, A.flavus was found to be ubiquitous in both Abeleehi and Obaatanpa
varieties stored at ERH’s 65-95%.
Fusarium moniliforme was isolated at all ERH’s 65-95% and Penicillium sp. 1was not encountered
in Obaatanpa grain stored at ERH’s 55-95%.
Xerophilic species like/4, giganteus, occurred at low ERH’s 0 f55-65% in Abeleehi while Paecilomyces
puntoniiand P. carneus were isolated at 55-65% ERH in both Abeelehi and Obaatanpa varieties.

Penicillium digitatum was not isolated from Abeleehi at all ERH’s tested (55-95%) but was

encountered at 90% ERH in Obaatanpa variety.



(®) Population (Total no/plate) of fungi was higher in maize grains stored ‘exposed’ in Petri dishes than
same samples kept in woven polypropylene sachets.

7. All the maize varieties showed the characteristic sigmoid water absorption pattern ofmacromolecules.
Thenewly improved maize variety, Obaatanpa exhibited comparatively better water absorption level
than Abeleehi. Similarly, the local nonnal white maize absorbed better than the stackbumed local
white maize.

8. Generally, seed dimension ofthe maize varieties variably increased with soaking time.

9@ After24hofsoaking, there was no statistical difference (P=£).05) between the seed length of Abeleehi
and Obaatanpa.

(b) Seedlength ofnonnal white maize was 2-3% more than that of stackbumed white maize; swelling of
normal yellow maize initially lagged behind that of stackbumed samples butthis was reversed after
24h resulting in 1-2% increase in seed length over that ofthe stackbumed yellow maize.

(© Similartrends were observed for seed width and seed thickness.

10(a) The pH profile ofthe steep water ofyellow maize grains (stackbumed and non-stackbumed) were
very closethroughoutthe steeping time of30h.

(b) pH ofsteepwater ofnon-stackbumed local white maize was more acidic (pH 4.2-4.3) than
stackbumed grains ofthe same variety (pH 5.1-5.2).

(© ThepH steepwater of Abeleehi dropped from 5.9-4.6 after 10-30Oh soaking as compared to pH 5.0-
5.2 for Obaatanpaduring the same period.

1. ThepH profile ofwetand dry-milled maize (stackbumed and no-stackbumed) undergoing
spontaneous fermentation was smimilar at least during the first 24-48h attended by adrop in pH from
5.0-6.5 to pH 4.2-4.6

12 Grains of Obaatanpa variety had a higher average 1000-seed weight (273,2g) than Abeleehi
(268.9g), while stackbumed yellow and white maize had lower average 1000-seed weight compared
to their correspon ding non-stackburned grains.

13.  Themoisture contentofnormal grains (12.0-13.5%) did not differ significantly from the stackbumed
samples (13-13.5%) ofthe same grains.

14.  There was no statistical difference (Analysis ofvariance P-,0.05) between the germination of Abeleehi
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grains incubated at ERH’s 55-85%. However, seed germination was drastically reduced at 90 and
95% ERH.

15. Percentage gennination ofgrains stored inwoven polypropylene sachets were similar to same
varieties exposed in Petri dishes to Hie simulated ambient conditions.

16. Storage ERH’sinfluencethe development ofradicles. The higherthe incubation humidity, the shorter
the length ofthe emerging radicle such thatat 95% ERH radicle length was reduced by 39-61 %
depending on the maize variety.

17.  There was asignificant difference (students t-test PsO.05) between the higherradicle length recorded
in grains ofboth Abeleehi and Obaatanpa stored in woven polypropylene sachets than same grains
kept exposed in Petri dishes underthe same condition.

18(a) The packaging material and the incubation period influenced the moisture sorption and desorption of
Abeleehi and Obaatanpa.

(b) Grains stored at 65-85% ERH equilibrated in 8-12 days.

(©) Moisture content of Abeleehi and Obaatanpa grains kept at 90-95% ERH continued rising; the
moisture contentofgrains incubated at 55% ERH decreased within the same period.

(d) Analysisofvariance to ascertain the influence of ERH, packaging material (P), incubation period (I)
and maize variety (V) on moisture sorption as well as the interaction ofthese factors showed thatP, |
andV significantly (1=0.05) influenced moisture sorption ofthe two maize varieties (Abeleehi and
Obaatanpa).

() Grainskeptin open Petri dishes significantly (60.05) absorbed and desorbed moisture to a greater
extentthan some varieties stored inwoven polypropylene sachets.

19.  Moisture sorption by Obaatanpa variety was significantly (P-0.05) higherthan Abeleehi variety
placed underthe same condition.

20(a) Antifungal potential oftwo local Ghanaian plants, namely, Kigelia africana and Zanthoxylum
xanthoxyloides were tested against Paecilomyces carneus, P. puntonii, P varioti, Curvularia
lunata, Fusarium moniliforme and Penicillium digitatum.

(b) Aqueous, acetone and methanolic extracts ofthe leaves ofZ. xanthoxyloides depressed vegetative
growth by dry matter accumulation of Paecilomyces carneus, P. puntonii and P. varioti.
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25.

TheefBcacyoftheiidbioiyeffectofftie aqueous,acHtDneandm eftiariolbexbactBoftteDeaveofZ
xanthoxyloides on the test fungi can be ranked as follows (in decreasing order):

P. digitatum>F. moniliforme>C. lunata

26(a) Aqueous, acetone and methanolic extracts ofthe fruitofK africanavariably depressed vegetative

(0)

©

growth ofP. carneus, P. puntonii and P. varioti.

Depression of growth (77.0-88.0%) ofall test fungi was observed atthe highest concentration
(undiluted) used. The inhibitory effectwas, however, gradually removed with increasing dilution of
the extracts.

The inhibitory effect ofthe methanolic extract ofthe fruit ofK. africanawas the severestas compared

to the aqueous or the acetone extracts ofthe same plant.

27(a) Radial growth on maize meal agar ofP. carneus, P. puntonii and P. varioti was exponential during the

(0)

28.

29.

early stages of incubation on agar medium amended with 1:1-1:5vvdilution ofextract offruitofK.
africana.

P.puntonii grew faster evenin the medium ofhighestconcentration ofthe plantextractand covered the
entire plate in 4-5 days.

The methanol extract ofthe plant (fruit ofK. africana) significantly (1°0.05) inhibited the radial growth
ofP. carneus, P. puntonii and P. varioti than the aqueous and acetone extract ofthe same plant part.
Inhibitory effect ofthe fruit ofK. africana on the test fungi can be ranked as follows (in decreasing
order):

P. varioti<P. carneus<P.puntonii.

30(a) Vegetative growth in liquid medium of C. lunata, F. moniliforme and P. digitatum in maize meal broth

(b)

3L

32.

amended with undiluted extracts ofthe fruit of K. africana was depressed by 69.0 - 90.0% depending
onthe fungus.

The highest depression in vegetative growth was observed in C. lunata.

Undiluted aqueous, acetone and methanol extracts ofthe leaves ofK. africana significantly depressed
growth in liquid medium and on agar ofthe three Paecilomyces species. Methanol extractwas most
potent and the effect was less severe on P. puntonii.

Both fruitand leaves ofK. africana contain active ingredients which could depress vegetative growth
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ofC. lunata, F. moniliforme and P. digitatum in liquid medium and on agar,

33.  Generally, efficacy ofall the extracts in depressing growth ofthe test fungi can be ranked as follows:
methanol>acetone>aqueous.

3. Extracts from K. africana and Z. xanthoxyloides showed measurable fungitoxic activity on the
growth ofthe six test fungi, namely, P. carneus, P. puntonii, P. varioti, C. lunata, F. moniliforme
and P. digitatum.

3. Amongthe fungal species tested, P. puntonii was the mostresistant to the fungitoxic principles in all
thetestplants allowing only 1.0-7.4% inhibition ofmycelial growth.

36(a) Extracts from all test plants completely inhibited sporulation ofP. carneus atthe highest concentrations.

36(b) The effectiveness oftest plants extracts on sporulation by all the test fungi differed significantly (60.05)
and can be ranked as follows in descending order: leaves of Z xanthoxyloides>leaves>K.

africana>fmitofK. africana.
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APPENDIX 1

Percentage increase in water uptake by the indicated varieties at
30°C (Data presented in Fig.I)

Soalfing % WATER ABSORBTION OF MAIZE VARIETIES

T(H'!) e ABI OBA WStach WnStachb :—;(_Stacb YnStach
1 12,4 13 ,1 15,1 17 ,6 20 ,0 19.-5
2 18 ,9 20 .0 23,1 23 .4 26 ,4 26 ,7
4 25 .8 27 .8 29 ,4 30 .3 32 .7 33,3
6 31.3 34,9 33.4 34,6 36 ,4 35,8
8 34,8 38 .4 35,9 37 .6 38 .8 39.0
10 36 .0 41,6 .36.6 39,3 40 ,8 41 .3
15 39 ,6 44 ,6 38 ,4 41 ,8 43,3 43 .3
20 41, 3 47 .3 39 .2 42 .5 44 .6 44 .8
24 42 .3 49 ,2 40 ,1 43 ,7 46 .2 46 .6
30 42, 9 49 ,7 40 ,5 45.5 48 .0 48 ,3

ABIl; Abeleehi

OBA: Obaatanpa
WStach: Local White Maize (Stackbumed )
WnStacbh: Local White Maize(Non-Stackburned)
YStachb: Yellow Maize (Stackbumed)
YnStacb: Yellow Maize (Non-Stackburned)
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APPENDIX 2

Change in seed length of the indicated maize Vvarieties
soaking at 30°C (Data presented in Fig,2)

Soaking % INCREASE IN SEED LENGTH

Time

(Hr) ABI OBA WStachb WnSt acb YStach
1 6 .4 4.1 0,2 0,2 2.2
2 1.0 5.0 0,4 0.6 5.4
4 4.3 5.6 1,5 2.2 6,8
6 10 ,8 8.0 1,9 2,9 6,0
8 12.9 10 .2 2.3 4 3 6 .0
10 8.9 12 -7 2.7 8 .6 12.1
15 15 ,1 14,9 7.5 10,8 9,6
20 15,4 15 ,7 11,0 12 ,7 10 .5
24 15 .7 15 .9 12 .3 13 .4 14 ,0
30 16 .2 16,8 12 .7 14 ,1 14,4

AB1: Abeleehi
OBA: Obaatanpa
WStacb; Local White Maize (Stackbumed )
WnStacb: Local White. Maize (Non-St.ackburned)
YStacb: Yellow Maize (Stackbumed)
YnStacb: Yellow Maize (Non-Stackburned)
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APPENDIX 3

Change in seed width of maize varieties soaked at 30°C for the
indicated periods (Data presented in Fig.3)

Soaking % INCREASE IN SEED WIDTH
(Hr)  ABI OBA WStach WwnStachb YStach YnStachb

1 2,1 5,3 1,3 0,4 0,5 0.9

2 0.8 5.9 2.3 6.7 1,4 2.0

4 4.3 7.6 0,6 7.8 3,5 4.1

6 7,0 10 ,7 1,6 8.5 3.0 5.9

8 9,8 10.9 2,7 9.0 4.5 8.0

10 10,5 12 .7 5,5 8,7 5,1 8.4

15 13 .2 14, 1 8.0 9,6 8.5 9.7

20 12.4 14 ,3 8,7 10 .9 8.8 10 .3

24 15 ,0 14,4 9,1 11 ,2 9,6 11.7

30 15 ,1 14 ,5 9,4 11 ,4 11 .1 13 ,2

ABIl: Abeleehi
OBA: Obaatanpa
WStacb: Local White Maize (Stackbumed )
WnStacb: Local white Maize(Non-Stackburned)
YStacb: Yellow Maize (Stackbumed)
YnStacb: Yellow Maize (Non-Stackburned)



APPENDIX 4

Change 1in seed thickness of maize varieties soaked at 30 C for
the indicated periods (Data presented in Fig.4)

Soaking % INCREASE IN SEED THICKNESS
T(:ir:;% ABI OBA wStach WnStachb YStach YnStacb
1 2.0 3.9 1,1 1.6 1,6 1.1
2 8.8 4,1 2.9 3.8 4.0 3.0
4 10 ,1 11.9 5.4 6.1 7.3 6.4
6 7.3 10 ,7 7.0 2,1 8.2 7.3
8 13 .4 8.4 8.8 7.5 13 .1 8.4
10 13 .6 15.0 8,3 13,8 10 .3 14 .4
15 15 .9 15.8 10 .8 15,8 14. 5 16 .0
20 16 .7 16 ,3 12,2 16 .5 14.1 15 .5
24 17.1 16 .7 13,5 17 .5 14.8 15 .8
30 16 .9 17 .0 13,3 18,0 15,2 16 ,2

ABI1: Abeleehi

OBA: Obaatanpa
WStacb; Local White Maize(Stackbumed)
WnStacb: Local White Maize (Non-Stackburned)
YStacb: Yellow Maize (Stackbumed)
YnStacb: Yellow Maize (Non-Stackburned)
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APPENDIX 5

Change in pH of steep water during soaking of whole maize kernel
at 30°C for the indicated periods (Data presented in Fig, 5)

Soiaking pH OF DIFFERENT STEEP WATER OF

E'I“T;a ABI OBA WStach WnSt acb YStacb YnStachb
0 5 .61 5,61 .5.61 5.61 5.61 5,61

10 5.96 5,02 5.10 4. 30 4 .46 4. 24

15 4 .65 5,08 5 .00 4,17 4,31 4,19

20 4. 53 5.02 5,26 4.18 4.22 4,17

24 4 .56 5.18 5.18 4.25 4,27 4,18

30 4.61 5.20 5.20 4,27 4 .29 4.20

ABIl1: Abeleehi

OBA: Obaatanpa
WStacb: Local White Maize (Stackbumed)
WnStacb: Local White Maize(Non-Stackburned]
YStacb: Yellow Maize (Stackbumed)
YnStacb: Yellow Maize (Non-Stackburned)
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APPENDIX 6

Change in pH of wet and dry-milled maize during fermentation at
30°C.(Data presented in Figs. 6 and 7)

Maize pH at the indicated fermentation periods(hr)
0 24 48 72
ABI 6 .58 4 76 4.71 4 ,68
OBA 6,84 4.81 4. 72 4 .71
WStachb 5.77 4 .75 4, 67 4,91
WET-MILLED
WnStachb 5.86 4, 63 4,68 4,73
YStach 4 .98 4,36 5 .00 5.13
YnStachb 5.09 4,38 5.01 5 .55
ABI 6 .61 4 .09 4 .12 4,46
OBA 6 .80 4 .32 4 .30 5.92
WStachb 5,88 4,19 4 .26 5.11
DRY-MILLED
WnStachb 6,74 4 .28 4.21 4.77
YStach 5,84 4 .20 4 .13 4 .39
YnStach 5,95 4, 33 4,14 4,23
ABI Abeleehi

OBA Obaatanpa
WStacb Local White Maize (Stackbumed)
WnStacb Local White Maize(Non-Stackburned)
YStacb Yellow Maize (Stackbumed)
YnStacb Yellow Maize (Non-Stackburned)



Seed germination capacity
polypropylene, satchets at

9

CONTROL

g 8 & 4ol

Seed germinat ion

ABI
(Exposed)

R 8 8

[ep]

ABI
(W,p)

K B 8 8 8 8 8

APPENDIX 7

B Hon b ror B aaye a1 2 Blc e oo
(% after 5 days Radicle length (mm) after D days
(ExOpBoAsed) (\?/E,;’:) (Eﬁ?osed) (\//Avé:)) (Eai/zsed) (\CI)VB./;)
100 100 97. 17 9r+1,7 9515 9%:15
A 100 76+ 1,6 9117 8216 89:1,6
B A 82:16 80:15 79:16 87:1.7
B B 7116 72:17 7316 8414
% % 76- 1.6 78+t19 7315 8714
A % 51+ 1.7 65:20 6915 7214
2 2 51,2 304  49:13 57:15

or woven



APPENDIX 8

Cha%fi in weight of maize grains (ABELEEHI) kept at varying eqwilibrixtm relative humidities (%)
at "C

INCUBATION  PACKAGING WEIGHT OF ﬂ.lIAIZE SAMPLES(g) (MEAN+S.E)
TIME
(days) 55 (18 163 8 07 055

0 Exposed  50,13:0.30 50.05:0.24 50.05-024 50.05.0.16 5008.0.17 50.05-0.24
W, p 50.05:024 50.08:.0.17 5008:017 5005:020 50.03:017 5005024

4 Exposed  49.97:0.14 50,43.060 50.55.027 51.15.030 5149:026 51,9031
wp  49.98.031 5010.024 5040.021 5085020 5115025 5158035

s Exposed 49 92023 5057057 5067:032 5150.032 5213024 5300.0.34
W.p 49.93.022 50 10.020 50,5028 5123.023 51.70-016 52 60-0,17

r Exposed 49.86+0,17 50,60.056 5070.031 5158030 5221.017 5350.0,38
W, n 49,8036 5011+022 5063:.033 5132026 5185024 5310.0,22

2 Exposed 49.84:014 5068:062 5070.0i 515030 5223026 53530.3%
W.p 49.82:037 5013017 5061-034 5 .3:026 51,8025 53 10.025

RS Exposed 4983015 5068:062 5071032 5162032 5225030 5355034
w,n 4982035 50 150»17 5063:034 5134026 518:0,26 531510716

Exposed; Maize samples exposed in Petri dishes
Wip : Maize samples bagged in woven polypropylene .sachets.



APPENDIX 9

Chances in weight or inaixe .rains (COAATANPA) kept «l varying equilibrium relative hwraiditiei. (S)
at 20+2'C

INCUBATION  PACKAGING WEIGHT OF MAIZE SAMPLES(g) (MEAN+S.E)
( Z Ia'\;l/ES ) D 5% 65% % 8 Dne 95
0 Exposed  50,05:017 50.08.026 50.05.0.14 50.00.000 5006:0,16 50.08:0,15

Win 50,00.000 5008025 50.05.0.15 5008.020 50.03:013 5005019

4 Exposed  50.03.017 5030:025 5070.014 5125016 5153015 5205021
W.p 49.98.020 5035016 50.68:005 5115016 5143.019 5183030

8 Exposed  50,03:029 50.37.0,15 505s7:0¢14 5160.026 5227:0.19 5333026
W,p 49.98.015 5046:0,14 5083031 5168013 5200.022 5323022

2 Exposed 50,00:025 5044:.0,12 5087:012 5170.020 5240.017 5390-025
w, P 49, 97,017 5053.018 5093013 51730, 1 5217024 5377021

24 Exposed  49.99.015 5044.015 508+0 12 5171.018 5241-019 54.08:0.20
W,p 49.9.017 5058.014 509%.012 51, 74009 5219022 5400.0.22

RS Exposed 49,99:012 5043.014 50.36:009 5172016 5239016 5420.0.30
W.p 49, %.0,16 50,5/-009 50 9%4.014 5174013 5219.022 5410.021

Exposed; Maize samples exposed in Petri dishes
w,n ; Maize samples bagged in woven polypropylene ,£4chets,
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Moisture content of ABELEEHI
relative humidities (%) at 28-31°C for 36 days.

in Fig,10)

INCUBATION
TIME
(days)

0

12

24

36

APPENDIX 1Q

PACKAGING
US ETD
55%
Exposed 11,0
W.p 11.0
Exposed 10.8
W .p 10.7
Exposed 10.5
W.p 10.5
Exposed 10.3
W.p 10.4
Exposed 10.1
W.p 10.4
Exposed 10.2
W.p 10.3

variety kept at varying equilibrium

(Data presented

MOISTURE CONTENT (%)

11,2

11,0

11.5

11.0

11,9

11,1

12,0

11,2

11,9

11,2

75%
11.0
11.0

12,0

11.5

12.3

11.7

12,5

11,8

12.4

11.8

12.5

11.9

12,6

13,5

1.3.0

13.8

13.2

13.8

13.2

13.9

13.1

90%
11.0
11.0

14.0

13,5

14,5

14.0

15.4

14.6

15,2

14.4

15.5

14.5

95%
11.0
11.0

15,0

13.5

17,0

15.5

17,8

16,8

18,0

16.9

18.2

16.2



APPENDIX 11

Moisture content of OBAATANPA variety kept at varying equilibrium
relative humidities (%) at 28-31°C for 36 days, (Data presented
in Fig.1l1)

INCUBATION PACKAGING MOISTURE CONTENT (%)
TIME USED
(days) 55% 65% 75% 85% 90% 95%
0 Exposed 10 ,0 10 ,0 10 ,0 10 ,0 10. 0 10 ,0
W.p 10 ,0 10 ,0 10 ,0 10 .0 10 .0 10 ,0
4 Exposed 9,8 10 .5 11 ,0 12, 1 12. 4 14 ,0
W ,p 9,8 10 .8 11.,0 12.0 12, 2 13,5
8 Exposed 9,5 10 .8 11 .9 13 ,5 14, .0 15 ,5
W, p 9,7 11 .0 11 .9 13 ,4 13 ,6 15 ,5
12 Exposed 9.3 11 .0 12 ,0 14,,0 14 ,6 16 ,3
W.p 9.5 11 5 12 .3 13 ,5 13,9 15 ,8
24 Exposed 9.3 11.0 11 .7 13 .8 14.,7 17 .2
W.p 9.5 11 .8 12 .4 13,.3 14, .7 16 ,9
36 Exposed 9.2 1 .1 11,9 14 ,0 14 ,9 17 ,1

W.p 9.4 11 .8 12 .5 13 .4 14..0 16 .8
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APPENDIX 12

Percentage weight increase of maize grains (ABELEEHI) Kkept at the
indicated equilibrium relative humidities (%) at 28-31°C for
days. (Data presented in Fig. 12)

INCUBATION PACKAGING CHANGE IN WEIGHT (%)
TIME USED
(days) 55% 65% 75% 85% 90% 95%
0 Exposed 0 0 0 0 0 0
W ,p 0 0 0 0 0 0
4 Exposed -0 ,30 0.75 1.00 2,20 2,80 3,85
W.p -0.16 0.05 0,65 1,60 2 .24 3,05
8 Exposed 0. 42 1.03 1.23 2,90 4,04 5,89
W.p -0,24 0,05 1.05 2,36 3,34 5 .09
12 Exposed -0 ,53 1.10 1,30 .3.10 4.31 6,89
W.p -0,45 0 .07 1.11 2,53 3 .67 6 .09
24 Exposed -0.57 1,19 1.29 3.03 4 .30 6.95
W.p -0 ,46 0.10 1,07 2 .52 3 .67 6,1-3
36 Exposed -0 ,59 1.18 1, 31 3,14 4. 33 6.99

W.p -0 .47 0.15 1,10 2,54 3.66 6.20



APPENDIX 13

Percentage weight increase of maize grains (OBAATANPA) kept at
the indicated equilibrium relative humidities () at 28-31°C for
36 days. (Data presented in Fig,13)

INCUBATION PACKAGING CHANGE IN WEIGHT (%)
TIME USED

(days) 55% 65% 75% 85% 90% 95%
0 Exposed 0 0 0 0 0 0
W.p 0 0 0 0 0 0

4 Exposed -0.04 0,45 1. 30 2-50 2,95 3.94
W.p -0 ,05 0, 54 1.25 2,15 2,78 3.55

8 Exposed -0.05 0 .58 1, 63 3,20 4 .43 6 .51
W.p -0.05 0.78 1.70 3.20 3,94 6,40

12 Exposed -0,10 0,72 1, 63 3,40 4,70 7,64
W, p -0 .07 0,90 1.76 3,31 4 .23 7,43

24 Exposed -0,12 0.72 1. 62 3,42 4,71 8. 00
W.p -0 ,08 1,01 1.79 3,33 4,32 7 .89

36 Exposed -0,12 0,71 1,62 3.44 4 .68 8 .23

W.p -0 ,08 0,98 1.78 3,33 4,32 8,09
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APPENDIX 14
Radial growth ol Paecilomyces carneus at 28 - 30°C on maize dextrose agar (ABELEEHI) amended with
varying dilutions ofeither aqueous, acetone or methanol extracts ol leaves ol Zanthoxylum

xanthoxyloides.

(Data provided in Fig. 14)

Typeof Dilution Mean diameter of culture (Mean £ S.E) in mm after (days)
Extract ofExtracl
[ > o
2 3 4 5 6 7

Undiluted 19.8 + 0.7 325 +1.1 46.3 +1.1 58.0+0.9a 70.0+0.9 79.5 1.1

11 25.3 1.1 438+ 13 615+ 11 79.0+ 0.8b 90.0 0.0
Aqueous 1:2 28,8+ 1.2 483+ 10 69.0+ 1.2 87.0% 0.9c 90.0+ 0.0
1.5 31.3+# 1.0 495+ 11 715+ 11 89.5+0.8d 90.0+0.0

Control 29.3 £0.8 50.0+ 0.9 685+ 13 88.5+0.8d 90.0+x0.0

+

Undiluted 20.5% 11 30.5+ 11 42.8 £0.7 54.0 £+ 1.3a 66.8 + 0.9 75.0 £0.9

1 28.0 +0.9 47.8 + 1.0 63.8 £1.1 80.0 £ 0.0b 90.0 = 0.0
Acetone 1:2 32.0 £0.9 52.0 £ 1.0 705+ 13 88.8 £+ 1.2c 90.0 + 0.0
1.5 34.0 £ 1.2 55.8 £ 0.7 74.8 1.1 89.0 £ 0.9d 90.0 £ 0.0

Control 29.0+ 1.0 458+ 1.0 64.5 1.1 84.8 + I.le 90.0 £ 0.0

Undiluted 21.0+ 0.8 30.3 + 1.0 40.0+0.9 51.0+ 1.2a 60.0+0.9 71.8 0.9

1:1 29.0 £ 0.9 39.5+0.8 568+ 1.0 69.0+ 0.9b 89.5+ 0.8 90.0+0.0
Methanol 1:2 30.0 £0.9 42.3 0.7 59.0+0.9 71.5+* 0.8¢c 90.0 £0.0
1.5 30.3 £0.7 43.8 +0.7 615+ 0.8 743+ 0.7d 90.0£0.0
Control 308+ 1.0 448+ 10 633+ 1.0 758+ [.Od 90.0+0.0

Readings discontinued

By Multiple Range'lest, means at the same extract type bearing the same letters are not significantly
different at I’<().05.
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APPENDIX 15

Radial growth of Paecilomyces puntonii at 28 - 30°C on maize clcxlrosc agar (ABE LEEHI) amended
wilh varying dilutions ofcilher aqueous, acetone or methanol extracts ol leaves ol Zanthoxyhmi
xanthoxyloides.

(Data provided in I;ig. 14.)

Type of Dilution Mean diameter of cul lure (Mean = S.E) in mm after (days)

Extract R}Zﬁxtract
Y E—
2 o 4 5 6 7

Undiluted 27.3 £ 11 495+ 08a 763+ 1.0 90.0%0.0
11 35.8+ 10 81.3+ 1.3b 90.0 £0.0
Adqueous 12 388+ 12 843 + 1.0c 90.0+ 0.0
15 40.0 £ 0.9 86.5+ 0.8d 90.0+0.0
Control 418 = 1.7 88.3 + 14e 90.0 £0.0

Undiluted 30.3 + 1.0 440+ 09a 698+0.7 875+08 90.0+0.0
11 455 £1.1 823+ 13b 90.0+ 0.0
Acetone 1:2 48.5+ 11 83.0+ 1.4b 90.0 £0.0
15 505+ 11 87.8 £ 1.0c 90.0 £0.0
Control 53.0+ 0.9 90.0 + O0d

13 833+ 1.0 90.0+0.9

I+

Undiluted 21.7 +0.8 438 £ 1.3a 61.9

11 32308 775+ 0.8b 90.0 £0.0

Methanol  1:2 338+ 14 83.8 + 1,2e 90.0 + 0.0
15 35.0+x 13 85.3 + 1.2c 90.0 £0.0

Control 40.8 £+ 14 89.5+ 1.0d 90.0 + 0.0

Readings discontinued

By Multiple Range Test, means at the same extract type hearing the same letters are not
.significantly different at P<0.05.
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APPENDIX 16

Radial growth of Paecilomyces varioti at 28 - 30°C on maize dextrose agar (ABELEEHI) amended with
varying dilutions of either agueous, acetone or methanol extracts ol leaves ol Zanthoxylum
xanthoxyloides.

(Data provided in Fig. 14)

Typeof Dilution Mean diameter of culture (Mean + S.E) in mm after (days)
Extract Pvfl l%xtract

2 b 4 5 6 7

Undiluted 23.8 £0.7 325+ 11 43.0+ 15 513+ 1.0a 665+1.1 763+ 13

11 293+ 10 438+ 12 615+ 11 775+ 11b 893+ 1.0 90.0+0.0
Aqueous 12 313+ 0.7 46.0£0.0 655+ 11 79.8+ 0.7c 90.0+0.0
15 32.00.9 46.5+ 11 67.0+0.9 84.0+ Lid 90.0+0.0
Control 31.0 £ 0.9 51.0+ 09 680+ 11 86.8+ Lie 90.0%0.0

Undiluted 19.4 +0.8 313+ 10 388=x09 493+08a 615+11 719+ 12

11 323+ 15 410+ 14 508+ 15 685=% 13b 81.0+ 12 893z 10

Acetone 12 320+ 13 398+ 11 518+ 11 693+ 12b 833+ 11 90.0+0.0
15 323+ 14 415+ 11 575+ 13 725+ 16¢c 873+ 15 90.0+0.0

Control 333 % 14 415+ 14 565+ 15 71.0+x L8 87.0%x 14 90.0+0.0

Undiluted 22.0 £0.9 315+ 10 443+ 10 520+009a 615+ 11 75.0+0.9
11 28.0 £0.9 433+ 10 615+08 728 +0.7b 82.0+0.9 90.00.0
Methanol 1.2 313+ 10 450+ 09 64807 748+ 10c 853 +0.7 90.0+0.0
15 32.5+0.8 47.0+0.9 665+08 775+ 13d 885+ 13 90.0+0.0
Control 34.0 +0.9 495+ 11 695 +08 805+ Lie 90.0+0.9

I+

Readings discontinued.

By Multiple Range Test, means at the same extract type bearing the same letters arc not simiilieantlv
different at P<0.0.5.
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APPENDIX 17

Radial grovvih o\'Paecilmvyces carneus al 28 - 30°(* on maize dextrose agar (OB AA 1ANPA) amended
wilh varying dilutions ol'oithcr agueous, acetone or methanol extracts of leaves ol Zanthoxylum
xanthoxyloides.

(Data provided in Fig. I15)

Type of Dilution Mean diameter of culture (Mean = S.E) in mm after (days)
Extract ofExtract

\J -

Undiluted 23.0+09 355+ 10 50.0+0.9 613+ 1.1a 733 1.0 828 =+0.7

11 285+0.8 46.0+0.9 658 +0.7 835+ 0.8b 90.0x 0.0
Aqueous 12 293 +£0.7 468+ 10 66.5+0.8 86.0+09c 90.0=0.0
15 295+08 475+08 66.0+09 893+ 1.0d 90.0+ 0.0

Control 299+0.9 464+ 10 658+ 11 84.8: 1.Oe 90.0+0.0

Undiluted 17.8 £ 1.0 278+ 11 395+ 11 523+ 13a 638+ 13 75209
11 29.8 £ 0.7 495+ 11 68.0: 14 818+ 13b 90.0+0.0
Acetone 12 35.3 £0.7 55.7+0.9 74.8+0.7 90.0 £ 0.0c
15 353 £ 0.7 56.2 £0.7 753 + 13 90.0 + 0.0c
Control 32,5 0.7 532+ 11 730% 13 =35+ 0.8c 90.0+0.0

Undiluted 22.5 +0.8 33.0+0.9 453 +0.7 555+ 0.8a 63.8+ 1.0 803+ 12

11 275 1.1 393+ 12 57511 67.0: 09b 815: 14 90.0: 0.0

Methanol ~ 1:2 30.0 £0.0 438 £ 0.7 618 +0.7 738+ 0.7c 86.8+ 1.0 90.0: 0.0
1:5 30.5+ 0.8 445 + 0.8 615 +0.8a755+08d 89.3+ 1.0 90.0 0.0

Control 29.0 £0.0 428 0.7 60.0+ 0.0 720+ 0.0c 885 90.0 = 0.0

+
=
o

Readings discontinued.

By Multiple Range Test, means at the same extract type hearing the same letters are not
signi licantly different at P<0.05.



APPENDIX 18

Radial growth of Paecilomyces punlonii at 28 - 30°C’ QL1 maize dextrose agar (OBAATANPA) amended
with varying dilutions ofeither aqueous, acetone or methanol extracts of leaves a\"/aiit/ioxyluni

xanlhoxylaides.

(Data provided in Fig. 15)

Type of Dilution Mean diameter of culture (Mean = S.E) in mm after (days)

Extract ofExtract
o

Undiluted 275+ 11 463+ 15a 73.0+ 15 90.0+0.0
11 395+ 18 84.8+0.7b 90.0 £0.0
Adqueous 1.2 40.0 £ 15 80.0+ 0.0c 90,0 £0.0
15 415+ 14 87.8 % 1.0d 90.0+ 0.0
Control  49.5+0.8 855+ 0.8e 90.0 0.0

Undiluted 278+ 1.0 445+ 15a 623 + 16

11 473+ 16 87.0+0.9b 90.0+ 0.0
Acetone 1:2 503+ 19 90.0 £ 0.0c
15 553 + 1.9 90.0 £ 0.0c
Control  49.8 = 1.2 90.0 £ 0.0c

Undiluted 22.3 +1.1 46.8+ 11a 59.0+0.7 793+ 10 885+ 0.8 90.0%0.0
11 46.0+x 1.4 79.8+ 1.3b 90.0 £0.0
Methanol 12 505+ 11 84.8 % 1.7c 90.0 £0.0
15 48.3 0.9 805+ 1.Od 90.0 = 0.0
Control 575+ 11 90.0+ OCe

Readings disconlinued.

By Multiple Range lest, means al the same extract type hearing the same letters are not
significantly different al P 0.05.
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APPENDIX 19

Radial growth of Paecilomyces varioti at 28 - 30°C on maize dextrose agar (013AA FANPA) amended
with varying dilutions ofeither aqueous, acetone or methanol extracts of leaves oi'Zanthoxylum
xanthoxyloides.

(Dataprovided in Fig. 15)

Type of Dilution Mean diameter of culture (Mean = S.E) in mm after (days)
Extract of Extract

(v

Undiluted 225+ 11 343+ 10a 465+1.1 555+ 11 705+ 11 80.8+% 11
11 313+ 01 485+08b 648+ 10 803+0.7 90.0+0.0
Aqueous  1:2 313 +£07 485+ 11b 66.8+0.7 83.0x0.9 90.0+0.0
15 318+ 0.7 488=x0.7b 67.0+0.9 853+ 10 90.0+0.0
Control 31.0+ 09 488+ 13b 705+ 13 895+08 90.0+0.0

Undiluted 19.0+0.0 30.8+0.9a 393+ 10 505+0.8 625+0.8 73.0x0.9

11 260+ 1.7 423+ 18b 555+ 19 720+2.0 825+ 16 895=% 10

Acetone 1:2 253 %+1.1 425+ 11b 558+ 14 748+ 10 850+ 12 90.0+0.0
15 273+ 19 430+ 180 578+ 13 77.0+ 14 878+ 13 90.0+0.0

Control 28.3 £ 0.7 44.0+0.0bc59.3+ 14 788+ 10 893+ 10 90.0+0.0

Undiluted 24.0+0.0 343 *0.0a 478*0.7 555%07 65511 795=+1.1
11 293+ 10 440=x 12b 610+ 12 720% 15 845+ 10 90.0+00
Methanol 1.2 315+08 453+ 10b 630+ 11 750+ 11 893+ 10 90.0%0.0
15 333 +0.7 473+0.7c 675+ 11 778+09 895+08 90.0+0.0
Control 303 £0.7 45.0x 11b 66.0+0.9 775 +1.1 90.0+0.0

Readings discontinued

By Multiple Range Test, means at the same extract type bearing the same letters are not
significantly differentat P0.05.

162



APPENDIX 20

Radial growth ofPenicillium digitatum at 28 - 30°C on maize dextrose agar (ABELEEHI) amended with
varying dilutions of either aqueous, acetone or methanol extracts of leaves ofZanlhoxylum

xanthoxyloides.

(Data provided in Fig. 16)

Typeof Dilution Mean diameter of culture (Mean = S.E) in mm after (days)
Extract R/fIE\xtract ~
2 ) 4 5 6 7
Undiluted 11.0% 0.9 170+0.9 24.0+0.9 30.0+09a 365+ 14 415+ 11
11 135+ 0.8 263+ 10 373+ 11 438+ 13b 520+ 10 625+ 11
Aqueous 12 15.0+ 11 29.0+0.9 385+0.8 458+ 1.0c 553+ 10 635+ 13
1.5 16.5+0.8 305+ 10 39.0+0.9 478+ 1.0d 575+0.8 66.0+ 11
Control 15.8+1.0 275+0.8 408+ 10 498+ 1.0e 61.0x0.9 685+ 11
Undiluted 13.5+0.9 196+ 11 258 +0.8 34.0+0.9a 405 +0.7 489+1.1
11 173+ 13 295+ 10 395+0.8 503+ 1.1b 608+ 1.0 72.0+ 11
Acetone 1:2 18.0+ 0.9 305+0.8 418+ 1.0 513+ 1.0c 62.0+0.9 745 0.8
15 18.0£ 0.9 338+ 10 448+ 07 558+ l.1d 66.8+0.7 773+ 10
Control 16.0 £ 0.9 30,0+ 0.0 408+ 10 528+ 12 645+ 10 758+ 10
Undiluted 123+ 10 18.0+£0.9 243+ 10 30.5+0.7a 36.0+0.9n 43.0+ 0.9
11 13.8 £0.7 243 +07 295+ 11 380+ 12b 475+ 11 59.3+0.9
Methanol  1:2 173+ 1.0 26.5+0.8 325%0.8 415+ 11c 548+ 1.0 64.0+0.9
15 170+ 0.8 258+0.7 350%x09 440+09d 568+ 1.0 66.8+ 10
Control 178+ 1.0 270+ 09 365+1.1 465+ 0.7¢ 60.0+09 695+ 1.0

By Multiple Range Test, means at the same extract type bearing the same letters are not significantly
different at P<0.05.
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APPENDIX!!

Radial growth of Cvrvularia lunata at 28 - 30°C on maize dextrose agar (ABELEEHI) amended with
varying dilutions of either aqueous, acetone or methanol extracts of leaves of Zanthoxylum

xanthoxyloides.

(Data provided in Fig. 16)

Type of Dilution Mean diameter ofculture (Mean £ S.E) in mm after (days)
Extract ofEAxtracI
2 4 5 B 6
Undiluted 22.0+ 15 433+ 10 603+ 12 76.0+ I.la 90.0 0.0
11 30.3 £ 0.7 498 + 1.3 683+ 10 86.8+ 1.5b
Aqueous 1.2 313+ 12 53.8+ 10 73.8+ 11 90.0 + 0.0c
15 335+ 11 573+ 10 79.3+ 1.0 90.0 % 0.0c
Control 340+ 12 548+ 15 765+ 11 90.0 + 0.0c
Undiluted 149+ 13 253+ 12 375+1.1 503+ 12a 618+ 14 743 + 13
11 31.3+ 0.7 53.0£0.0 70.8+1.1 833+ 1.3b 893 % 10 90.0 + 0.0
Acetone 12 33.0 £0.9 558+ 10 74.0+ 11 885+ 13c 90.0+0.0
15 348+ 10 56.3+ 0.7 73.8+ 12 89.0+ 1.1c 90.0 + 0.0
Control 36.0 + 11 595+ 11 775 1.1 90.0 £ 0.0c
Undiluted 193 + 1.0 278+ 10 383+ 13 46.8+ 1.0a 54.8 1.1 69.0 12
11 245 +0.8 365+08 545+0.8 69.8+0.7b 88.0+0.9 90.0 0.0
Methanol ~ 1:2 25.5 +0.8 375+0.8 563 +07 728+ 1.0c 90.0 + 0.0
15 28.0+ 0.9 395+ 11 62.0+0.9 780+ 1,4d 90.0 0.0
Control 29.5 0.8 440+ 0.9 650+0.9 825+ Lie 90.0+0.0

Readings discontinued.

By Multiple Range Test, means at the same extract type bearing the same letters are not
significantly different al P<0.05.
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APPENDIX 22

Radial growth of Fusarium moniliforme at 28 - 30°C on maize dextrose agar (ABELEEHI) amended
with varying dilutions of either agueous, acetone or methanol extracts of leaves ofZanthoxylum

xanthoxyloides.

(Data provided in Fig. 16)

Type of Dilution Mean diameter of culture (Mean = S.E) in mm after (days)

Extract of Extract
ful \

Undiluted 175+ 11

11 233+ 10

Aqueous  1:2 30.0 + 11
15 28.8 £ 1.0

Control 33.0+ 0.9

Undiluted 178+ 1.0

11 22.0£0.9

Acetone 12 245 0.8
15 285 1.1

Control 285+ 11

Undiluted 148+ 1.0

11 188 + 1.0

Methanol  1:2 21.8+ 10
15 253+ 10

Control 335+ 11

26.3 + 0.7
34.0+ 0.9
37.0 £0.9
36.3 + 0.8
423 + 10

26.5 +0.8
32.0 £0.9
348+ 10
38.0 £0.9
40.5 +0.8

23.0 £0.9
288 + 10
318+ 10
35.0+0.9
40.8 £ 0.9

35.5+0.8 448 + 1.0a

48.3 +

12 60.8 = 1.4b

533 1.1 658+ 1.0c

518 +

11 66.3 = 0.7c

56.5 +1.1 743 = 1.Cd

36.3 £
47.8
49.8 +

12 46.0 + 0.9a
10 60.8 + 1,0b
10 65.5+0.8c

53.0£0.9 67.8 £0.9d

55.5 +

33.3
443 +
47.0 £

I+

10 70.5 + 0.7e

12 413 + 14a
10 57.8 = 1.0b
11 618 = Lie

50.0 £ 0.9 64.8 = I.Od

545 +

14 705 Lie

56.0 £0.9
71.0+ 0.9
828 + 11
83.3 £0.7
89.3+ 1.0

56.3 £ 0.7
80.5 = 0.7
845 + 10
88.5 £0.7
89.8 £ 0.7

475 1.1
67.0 £ 14
70.5 £ 0.7
753 1.1
835+ 11

67.0+ 12
87.0 £0.9
90.0 £ 0.0
90.0 £ 0.0
90.0 £ 0.0

68.8 + 1.0
90.0 £ 0.0
90.0 £ 0.0
90.0 £ 0.0
90.0 £ 0.0

53.0 £0.9
783 £ 10
82.5+0.8
86.5 + 0.8
90.0 £ 0.0

By Multiple Range Test, means at the same extract type bearing the same letters are not
significantly different at P<0.05.

165



Radial growth of Penicillium digitalum at 28 - 30°C on maize dextrose agar (OBAATANPA) amended

APPENDIX 23

with varying dilutions of either aqueous, acetone or methanol extracts of leaves of Zanlhoxylum

xanthoxyloides.

(Data provided in Fig. 17)

Type of Dilution Mean diameter ofculture (Mean = S.E) in mm after (days)
Exti‘act ofExtraet
(V)
’ 4 5 6 7
Undiluted 11.8+ 1.0 190+ 11 26.0+0.9 333+ 13a 378+ 11 425+ 11
11 15.0 + 11 240+0.9 358+ 10 44.0+0.9b 558 0.7 643+ 13
Aqueous 12 155+ 1.0 26000 373 +1.0 480+ 12c 575% 10 663 =% 11
15 17.0 £0.9 275+ 11 38.0+0.9 493+ 1.0d 588 £0.7 685 0.8
Control 158 + 1.0 255+ 11 385+1.4 498+ |.Id 59.0+0.9 693+ 10
Undiluted 128+ 0.7 195+0.8 263+ 10 343 +0.7a 420+0.9 513+0.7
11 16.3 + 1.0 268+ 0.7 335+ 10 448+ 12b 548+ 14 645+ 15
Acetone 1:2 16.3 £ 1.3 27.3+ 0.7 355+0.8 468+ 10c 555+ 14 648+ 15
15 15.8 +0.7 265 +0.8 340+ 11 473+ 12d 58009 67.0+ 14
Control 17.8 £0.7 285+08 373+ 10 498 +0.7¢ 603+ 10 693 +1.1
Undiluted 113+ 1.0 173+ 0.7 23.8+0.7 295+0.8a 355+0.8 418+ 11
11 143 +0.7 228+ 10 318+ 11 415+ 13b 525+08 633+ 10
Methanol  1:2 16.0+ 11 243+07 348+ 10 440+09c 573+ 10 67.0% 11
15 170+ 0.9 260+ 09 373 +0.7 463+ 12d 578+09 68.0+0.9
Control 153 +0.7 253 +07 36.0% 11 46.3+0.7d 59.8+0.7 69.8+ 1.3

By Multiple Range Test, means at the same extract type bearing the same letters are not significantly
different at P<0.05.
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APPENDIX 24

Radial growth of Curvularia lunata al 28 - 30°C on maize dextrose agar (OBAAL1 ANPA) amended with
varying dilutions of either aqueous, acetone or methanol extracts of leaves of Zanthoxylum
Xanthoxyloides.

(Data provided in Fig. 17)
Typeof Dilution Mean diameter of culture (Mean + S.E) in mm after (days)

Extract ofExtraet
co >

Undiluted 24.0£0.0 405 +0.8 585+0.8 75.0+0.9a 883 0.7

11 32.0+ 0.9 515+ 08 685+ 10 845+0.8b 90.0+0.0

Aqueous 1.2 33.5+08 513+ 10 694+09 895+ 11lc 90.0%0.0
15 32.8 £ 13 535+ 10 735+ 13 90.0+0.0c
Control 32.0 £0.9 540+ 11 758+ 0.7 90.0+0.0c

Undiluted 14.0% 12 25,0+ 13 383 % 15 540+ 14a 695 15 85.0 +1.1
11 243 + 13 433+ 10 575+ 10 728 + 1.0b 83.0+1.20 90.0 + 0.0
Acetone 1:2 245+ 14 425+ 14 56.0+ 14 728 + 1.4b 840+ 14 90.0 £ 0.0
15 253+ 1.8 453+ 16 625+21 78.0* 14c 885 1.1 90.0 £ 0.0
Control 29.3 % 15 48.0+ 16 66.5+1.1 838+ 1.0d 90.0+ 0.0

I+

Undiluted 20.0+ 11 288+ 1.0 408 0.7 485+ 0.8a 57.0+0.9 725 +0.38

11 245+ 08 385+ 10 575*1.1 728+ 12b 893+ 10 90.0 £0.0
Methanol ~ 1:2 253 £ 0.7 385+ 11 59307 743 +0.7b 90.0 £0.0
15 26.8 £ 1.0 425+ 14 65.0+0.9 79.0+ 0.9c 90.0 £ 0.0
Control 28.3 £ 0.7 428+ 11 653+ 14 79.8+ 1.6¢c 90.0 0.0

Readings discontinued.

By Multiple Range Test, means at the same extract type hearing the same letters are not
significantly different at P<0.05

167



APPF.NDIX 25

Radial growth of Fusarium moniliforme at 28 - 30°C on maize dextrose agar (OBAA i ANPA) amended
with varying dilutions of either aqueous, acetone or methanol extracts of leaves ofZanthoxylum
xanthoxyloides.

(Data provided in Fig. 17)

Type of Dilution Mean diameter of culture (Mean = S.E) in mm after (days)
Extract })fExtract
v

Undiluted 19.0 £ 0.0 273 +07 395+08 475+ 1.1a 595+ 11 725+038

11 20.0 £ 0.0 325+0.8 495+0.8 59.0+ 1.1b 743 0.7 90.0.+0.0

Aqueous 1:2 24.8 £ 0.7 35.8+0.8 523 +0.7 625+ 0.8¢c 80.0+0.9 90.0+0.0
15 25.8 £+0.7 383+07 538+0.7 648+0.7d 843 +0.7 90.0%0.0

Control 29.5 +0.8 40.0+ 00 573 +0.7 69.8+ 1.0e 875+1.1 90.0+%0.0

Undiluted 155+ 0.8 235+0.8 315+08 388=+08a 453 +0.7 540i 11

11 23.0% 1.2 31.3+09 46.0+09 575+ 11b 733+ 10 88.0+0.9

Acetone 1:2 258 £ 10 350+ 09 535+08 653+09c 843 +0.7 90.0=+00
15 295 0.8 405+ 11 580+0.9 718+ 13d 86.0+ 1.2 90.0% 0.0

Control 308 £ 11 400+ 09 588+ 11 733+ 10d 888+ 1.2 90.0+0.0

Undiluted 145+ 11 225+1.1 305%1.1 39.0+ 1.1a 485+0.8 59.8=%1.1

11 223+ 10 313+ 12 455%08 778+ 12b 778+ 12 893+ 10

Methanol 12 25.0 £0.9 345+1.1 49.0+0.9 678+ 12c 795+08 90.0=0.0
15 30.0 + 13 375+11 515+ 14 675+ 11c 805 1.1 90.0%0.0

Control 328+ 11 395+1.1 523+ 14 715+ 1.1d 833+ 13 90.0%0.0

By Multiple Range Test, means at the same extract type bearing the same letters are not significantly
different at P<0.05.
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APPENDIX 26

Radial growth of Paecilomyces carneus at 28 - 30°C on maize dextrose agar (ABELEEHI) amended with
varying dilutions ofeither aqueous, acetone or methanol extracts of fruit of Kigelia africana.

(Data provided in Fig. 18)

Typeof Dilution Mean diameter of culture (Mean = S.E) in mm after(days)

Extract ofExtract
()

Undiluted 21.5+ 0.8

11 28.3+ 0.7
Aqueous  1:2 30.0 £0.9
15 340+ 14

Control 375 1.1

Undiluted 26.3+ 1.0

11 340+ 11
Acetone 1.2 38.8+ 10
1.5 39.0+ 11

Control 345+ 0.8

Undiluted 21.3 + 1.0

11 29.8 + 1.0
Methanol 1.2 325 +1.1
15 340+ 1.0

Control 38.0 £0.9

Readings discontinued

31.5 0.8
42.0 £ 0.0
453 1.1
485 + 11
57.0+ 14

38.8 £0.7
528 + 13
583 + 13
585+ 1.0
55.0 £0.9

323 +0.7
455+ 10
48.3 £ 1.0
51.0 £0.9
56.3 + 1.0

425+ 11
59.3 £ 0.7
63.0 £0.9
67.3 + 13
70.8 £ 1.0

I+

455 +0.38
64.8 + 10
738 + 15
745 + 13
67.8 £ 1.0

40.0 £ 0.9
56.0 £0.9
615+ 11
65.3 £ 75.0
718 £ 12

535 * 1.1a
70.0 £ 1.4b
73.5 + 1.1c
785+ 1.3d
84.0 + 1.4e

56.0 £ 11a
778 £ 1.1b
84.0 1: 0.9c
855 + I.Id
80.3 + l4e

48.0+ 1.0a
67.0 = 1.0b
71.8 £ 1.0c
75.0 = |.1d
81.8 + 1,0e

655+ 11
823 + 13
86.5 =+ 1.3
90.0 £0.0
90.0 £ 0.0

I+

69.0 £ 0.9
88.8 = 11
90.0 £ 0.0
90.0 £0.0
90.0 £0.0

575+ 11
775+ 11
823 + 0.0
87.4 £0.9
90.0 £0.0

773+ 10
90.0 +0.0
90.0 £0.0

79.3 £1.1
90.0 £ 0.0

66.5 +0.8
88.0+ 0.9
90.0 + 0.0
90.0 £0.0

By Multiple Range Test, means at the same extract type bearing the same letters are not

significantly different at P<0.05.
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APPENDIX 27

Radial growth of' Paecilomycespuntonii at 28 - 30°C on maize dextrose agar (ABELEEHI) amended
with varying dilutions ofeither aqueous, acetone or methanol extracts of fruit o( Kigelia africana.

(Data provided in Fig. 18)

Type of Dilution Mean diameter of culture (Mean + S.E) in mm after (days)
Extract ?f l%xtract

i

Y

2 3 4 5 6 7

Undiluted 343 + 13 59.8 + 1.1a 86.7+ 1.0 90.0£0.0

11 50.3 + 1.0 84.0 £ 0.9b 90.0 £0.0
Aqueous  1:2 52.8+ 1.0 86.3 = 1.0c 90.0 0.0
15 573+ 10 89.3 £ 1.Od 90.0 £0.0

Control 49.0 + 15 85.5 + 0.8¢c 90.0 £0.0

Undiluted 385 0.8 62.0 £ 1.2a 885 +0.8 90.0 £0.0

11 47.3 0.7 825+ 1.1b 90.0 £ 0.0
Acetone 12 48.5 + 0.8 85.8 + 1.0c 90.0 £0.0
15 500+ 12 89.5 £ 1.Od 90.0 £0.0

Control 52.8 + 13 90.0 + O.Qd

Undiluted 31.3 + 1.0 53,5+ 0.8a 81.0+0.9 90.0 + 0.0
11 415+ 11 745 + 1.0b 90.0 £0.0
Methanol 1.2 44.8 + 0.7 76.8 £ 1.0c 90.0 £ 0.0
15 46.3 £ 0.8 815+ 11d 90.0 £ 0.0
Control 505 1.1 89.3 + 1.0c 90.0 0.0

Readings discontinued

By Multiple Range Test, means at the same extract type hearing the same letters are not
significantly different at P<0.05.
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Radial growth of Paecilomyces varioliat 28 - 30°C on maize dextrose agar (ABELEEHI) amended with

APPENDIX 28

varying dilutions of either aqueous, acetone or methanol extracts of fruit o f Kigelia africana.

(Data provided in Fig. 18)

Mean diameter of culture (Mean + S.E) in mm after (days)

Typeof Dilution
Extract of Eixtract
2

Undiluted 27.3% 1.2
11 31.0+ 12
Adqueous 12 33.3+ 10
1.5 383+ 10
Control 35.0 £0.9
Undiluted 30.3 +0.7
11 34.0+ 0.9
Acetone 1:2 36.3 = 0.7
15 38.0+ 0.0
Control 388+ 11
Undiluted 25.0 £ 0.0
11 293 1.1
Methanol  1:2 31.0+ 1.0
15 345+ 11
Control 36.0+ 14

Readings discontinued

38.5+0.8
475 +0.8
505+ 11
545+ 11
52.0+ 0.9

41.0+ 0.9
48.0 £ 0.9
505+ 1.0
515+ 10
538 + 14

36.0 £ 0.0
405 1.1
433 + 10
46.0 £ 0.9
48.8 +1.1

538 + 11
63.8 x1.1
66.5 + 15
725 1.1
703 + 1.0

57.0+ 0.9
62.5 + 0.8
63.0 £0.9
64.8 + 10
69.3 + 0.7

483 + 10
61.5 + 11
63.3 1.1
648+ 1.0
67.3 £1.1

I+

66.0 + 0.9a
75.0 % 1.2b
86.0 + 1.5
88.8 £ 0.7d
87.0 + 0.9e

68.3 £ 1l.1a
76.5 £ 1.0b
78.0 £ 1.3c
80.8 + 1.3d
84,8 = 0.7¢

57.5 + 0.8a
735 % 1.3b
75.8 £ Lie
78.8 £ Lid
83.0 = 0.0c

77.5 + LI
88.0 £ 0.9
90.0 £ 0.0
90.0 £ 0.0
90.0 £ 0.0

78.0 £ 15
88.0 £0.9
89.3 £0.9
90.0 +0.0
90.0 £0.0

67.0 £ 1.2
83.0+ 1.0
86.8 + 1.0
90.0 +0.0
90.0 = 0.0

I+

885+ 14
90.0 £0.0

883+ 14
90.0 £0.0
90.0 £0.0

77.0 £ 10
90.0 £ 0.0
90.0 £ 0.0

By Multiple Range Test, means al the same extract type bearing the same letters are not
significantly differentat P<0.05.
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APPENDIX 29

Radial growth of Paecilomyces carneus at 28 - 30°C on maize dextrose agar (OBAA'Il ANPA) amended
with varying dilutions of cither aqueous, acetone or methanol extracts of fruit ofKigelia africana.

(Data provided in Fig. 19)

Type of Dilution Mean diameter of culture (Mean + S.E) in mm after (days)
Extract of Extract
NV
2 5 4 5 6 7
Undiluted 23.0+ 11 36.0+0.9 47.5+1.1 605+ 1.0a 72.3 +1.1 815+ 0.8
11 35.0 £0.0 498 + 1.2 67.5+0.8 78.5% 1.1b 90.0 £ 0.0
Aqueous 1:2 355+ 0.8 51.8 £ 0.7 67.5 +0.8 82.0 £ 0.9c 90.0 + 0.0
1.5 37.3 £1.1 543 + 1.6 70.5 +#1.1 85.0 £ ().8d 90.0 i1 0.0
Control 35.3 £ 1.0 515+ 11 66.3 £ 0.7 79.5 i0.9b 90.0 0.0
Undiluted 28.3 + 1.2 420+ 12 513+ 13 60.8+ 11a 72.0+1.1 83.3. + 1.3
1 35.5 #0.8 53.3 £+0.7 68.8 £0.7 79.8 + 0.7b 90.0 0.0
Acetone 1.2 37.3 £ 1.0 540+ 09 69.8+ 1.0 80.5+ 1.1b 90.0 £0.0
1:5 37.8 £+ 1.0 56.8+ 1.2 71.8+ 1.0 82.8+ 1.0c 90.0 £0.0
Control 39.0+ 0.9 58.3+ 1.0 74.0+ 1.2 84.0 £ 0.9d 90.0 £0.0
Undiluted 17.3 0.7 255 +1.1 355+ 11 433+ 1.0a 525+ 11 595+ 11
11 26.5 +0.8 42.3 £+ 0.8 53.5+1.1 625+ 1.1b 73.5 1.1 84.5 1.1
Methanol 1:2 29.5 + 11 445+ 11 57.0+0.9 67.8+ 1.0c 79.5 1.1 90.0 0.0
1.5 31.8+ 1.2 475+ 11 623 + 10 71.8+ Il.1d 84.3 + 1.0 90.0 0.0

Control 335+ 11 53.5+ 1.0 70.0+0.9 80.8+ Il.le 90.0 £0.0

Readings discontinued

By Multiple Range Test, means at the same extract type bearing the same letters are not
significantly different at P<0.05.
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APPENDIX 30

Radial growth of Paecilomycespwuonii at 28 - 30°C on maize dextrose agar (OB AA IANPA) amended
with varying dilutions ofeither aqueous, acctonc or methanol extracts ol Iruit ol kigelia afiicana.

(Data provided in Fig. 19)

Typeol Dilution Mean diameter ofculturc (Mean + S.I:") in mm after (days)
Extract of Extract
w 2 3 4 5 6 7
Undiluted 37.0 £0.9 618+ 1.4a 89.3+ 1.0 90.0% 0.0
11 533+ 1.0 87.3 £ 1.0b 90.0 £ 0.0
Agqueous  1:2 56.5 + 19 89.0 £ 0.9c 90.0 £ 0.0
15 56.3 + 1.0 90.0 + 0.0c
Control 52.3 £ 1.0 90.0 = 0.0c
Undiluted 41.0 £0.9 64.8 £+ 1.0a 86.8 £ 1.0 90.0 + 0.0
11 47.0 £1.1 80.3 £ 0.7b 90.0 £ 0.0
Acetone 1.2 50.0 + 0.0 87.0 £ 0.0c 90.0 £ 0.0
15 50.S+ 10 87.8 £ 1.0c 90.0 £0.0
Control 51.3 + 0.7 89.3 + 1,0c 90.0 £0.0
Undiluted 28.3+ 1.0 485+ 1.1a 765+ 11 88.5+£0.8 90.0£0.0
11 385 1.1 715+ 11b 90.0 £0.0
Methanol  1:2 42.0£ 0.9 77.0+ l.Ic 90.0 £0.0
15 43.3 £ 0.7 80.5+ 1.4d 90.0 £ 0.0
Control 48.3 £ 1.0 86.0 £ 1.Oe 90.0 £ 0.0

Readings discontinued

By Multiple Range Test, means at the same extract type bearing the same letters are not
significantly differentat P<0.05.



APPENDIX 21

Radial growth o f Paecilomyces varioti at 28 - 30°C on niai'/.c dextrose agar (OB AA IAN PA) amended
with varying di hitions of cither aqueous, acetone or methanol extracts ol Imil ol kigelia africana.

(Data provided in Fig. 19)

Mean diameter of culture (Mean = S.E) in mm after (days)

Type of Dilution
Extract ?vfllixtract
vV )
Undiluted 25.3 £0.7
11 358+ 12
Aqueous 12 373+ 10
15 36.8 £0.7
Control 37.0 £ 1.3
Undiluted 28.3 = 1.0
11 34.0+ 0.9
Acetone 12 37.0+ 0.9
15 36.8 + 1.0
Control 37.8% 12
Undiluted 21.5*0.8
11 258+ 10
Methanol 1.2 283+ 10
15 30.3 £0.7
Control 343 x 11

Readings discontinued

]

36.0 £0.9
50.8 + 1.0
53.5 +0.8
540+ 11
530+ 11

385+ 11
45.0 £ 0.9
46.8 = 1.0
48.0 £ 0.9
515+ 11

28.3 + 1.0
383+ 10
41.0+ 0.9
440 +0.9
498 + 10

498 + 11
68,3 + 14
70.3 £ 0.7
710+ 11
69.8 + 1.2

55.0 £0.9
58.0 £0.9
60.5 £ 0.8
62.0 £ 0.9
655 +1.1

36.8 £ 1.0
53.0 £0.9
56.0 £0.9
583 + 10
62.0 £ 0.9

62.3 + 0.7a
80.0 = 1.3b
84.0 = 0.9c
89.0 + 0.9d
86.3 £ 1.0e

66.5 =+ 1.1a
73.0 £ 0.9b
75.8 £ 0.7c
77.3 = 1.0d
80.0 £ 0.9¢

47.0 + 14a
64.8 £ 1.0b
67.8 £ 1.0e
715 % |.Id
77.0 £ 0.9e

740+ 15
90.0 £0.0
90.0 £ 0.0
90.0 £0.0
90.0 £0.0

873+ 12
90.0 £0.0
90.0 £0.0
90.0 + 0.0
90.0 £0.0

555+ 11
795 1.1
83.0+ 14
875 *1.1
90.0 £ 0.0

845+ 10

90.0 £0.0

66.3 £1.1
90.0 £ 0.0
90.0 £ 0.0
90.0 £ 0.0
90.0 £ 0.0

By Multiple Range Test, means at the same extract type bearing the same letters are not
significantly different al P<0.05.
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APPENDIX 32

Radial growth ol Penicillium digitatum at 28 - 30°C on maize dextrose agar (ABEI.EEI Il) amended with
varying dilutions ol either aqueous, acctone or methanol extracts of fruit of Kigelia africana.

(Data provided in Fig.20)

Typeot Dilution Mean diameter of culture (Mean = S.E) in mm alter (days)
Extract of Extract
Vi
2 3 4 5 6 7

Undiluted 16.8 £ 0.7 225+0.8 305+ 14 378+ 1.0a 443 +0.7 535+ 11

11 185+ 1.0 29.0+0.0 38.0+ 0.0 458+ 0.7b 558+ 10 675+ 11

Aqueous 12 193+ 10 31.0+ 11 405+ 15 505+ I.lc 595+ 11 710+ 14
15 21.8 + 1.0 325+08 445=+1.1 545+ 0.8d 66.8+ 1.0 755 = 11

Control 23.0+£ 0.9 348+ 07 48.0+0.9 57.0+x 0.9e 69.0+0.9 775+ 11

Undiluted 15.0+ 0.0 20.8+08 273 +0.7 365+0.8a 423 + 14 475 +1.1

11 173 +0.7 26.8 + 1.0 36.0+0.9 43.0+ 0.9b 50.8 +0.8 63.0 £ 0.9

Acetone 12 183+ 0.7 30.8+ 1.0 40.0+0.9 523+ 13c 655+ 11 753+ 1.0
15 198+ 10 318+ 10 453+ 15 57.0+ 11d 70.0+ 0.9 80.8+ 1.0

Control  21.8+ 1.0 33.8+ 10 470+ 14 585+0.8e 725+ 11 828+ 13

Undiluted 135 +0.8 203+ 10 265+ 11 348 + 1.0a 40.5 +1.1 483+ 1.0

11 170+ 0.9 245 +1.1 33.0+ 10 425+ 14b 56.3 +0.7 64.0 %+ 1.0

1.2 175+ 0.9 275+08 38.0+09 493 + I.Ic 613+ 12 69.3 + 1.0

Methanol 1.5 19.0 £ 0.9 305+08 423+ 13 515 % llc! 635 1.1 728+ 10
Control 220 12 320+ 10 450+ 10 535+ Lie 66.5+1.1 77.8 £1.1

I+

By Multiple Range Test, means al the same extract lype hearing the same letters are not significantly
different al P<0.05.



APPF,N1)1X.~S3

Radial growth of Curvularia lunala at 28 - 30°C on maize dextrose agar (ABELEEHI) amended with
varying dilutions ofeither aqueous, acetone or methanol extracts of fruit of Kigelia africana.

(Data provided in Fig.20)

Type of Dilution Mean diameter of culture (Mean £ S.E) in mm after (days)
Extract ofExtract

Ay — -

Undiluted 23.5+ 11 390+ 09 535+ 11 683+ 1.0a 83.8+ 11 90.0+ 0.0
11 333 % 10 513+ 1.0 73.8+ 10 835+ 0.8b 90.0+ 0.0
Aqueous 12 36.3 £0.7 55.5+1.1 755 +0.8 86.3+ 1.0c 90.0 +0.0
15 36.5+0.8 583+ 0.7 77.8+ 1.0 90.0+ OQd
Control 35.0 £0.9 57.3 £ 07 77.0+£0.0 90.0 + O.Od

Undiluted 27.5+0.8 42.8+0.7 553+ 0.7 715+ 13a 87.0+ 1.2 90.0+0.0
11 36.0 £ 0.0 50.0+£ 0.0 713+0.7 850+ 0.0b 90.0+ 0.0
Acetone 1:2 358+ 12 520+ 14 713+ 11 86.5+ 0.8b 90.0 £0.0
15 36.8 + 10 540+ 09 743+ 10 88.8+0.7c 90.0 £ 0.0
Control  37.5+0.8 60.8 £+ 1.0 77.8 £ 1.3 90.0 + 0.0c

Undiluted 21.8 + 1.0 35.0+0.9 485+1.1 600+ 14a 725+1.1 85009
11 295 +0.8 473+ 10 638+ 10 763 +0.7b 89.0+09 90.0+ 0.0
Methanol  1:2 313+ 10 495 +1.1 695+ 10 82.0+ 1.4c 90.0 0.0
15 33.0+ 12 540+ 1.0 725+1.1 845=* I.1d 90.0 £0.0
Control 350+ 11 570+ 09 745+ 11 90.0 = 0.0c

Readings discontinued.

By Multiple Range Test, means at the same extract type bearing the same letters are not
significantly different al P<0.05.
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APPENDIX 34

Radial growth ofFusarium moniliforme at 28 - 30°C on maize dextrose agar (ABELEEHI) amended
with varying dilutions ofeither aqueous, acetone or methanol extracts of fruit ofKigelia africana.

(Data provided in Fig.20)

Type of Dilution Mean diameter of culture (Mean = S.E) in mm after (days)
Extract ?vffExtract

2 4 5 6 7

Undiluted 19.3 +0.7 29.3+0.7 37.3+ 10 483 +0.9a 56.3 0.7 68.0+0.9

11 298 + 10 440+ 12 598+ 10 755+ 1.1b 825+ 1.0 90.0£0.0
Adqueous 1:2 32.0 £0.9 46.5+0.8 62.8+ 1.0 81.0% 0.9c 90.0 £0.0
15 325+ 10 465+ 10 625+ 1.0 80.0+0.9d 90.0 = 0.0
Control 343 + 1.0 -48.0+0.9 653+ 12 83.8 + [.Oe 90.0 £0.0

Undiluted 24.3 + 1.0 330+ 14 410+ 09 503+ 1.0a 633+ 1.0 73.0+0.9
11 33.0+ 12 453+ 0.7 615+ 13 783 +£0.7b 90.0 £0.0
Acetone 12 33.8 £ 0.7 46.3 + 1.0 635+ 11 795+ 0.8c 90.0 +0.0
15 35.0 £0.0 49.0+ 0.0 65.5+ 0.8 85.0+0.9d 90.0 £0.0
Control  37.0 £ 0.9 51.0+.09 67.8+ 10 86.5+ 0.8e 90.0 £0.0

Undiluted 19.3 + 1.0 275+ 08 333+ 13 403 i- 1.2a 47.3 #1.1 538 = 10

11 243 £ 1.0 33.0+ 11 388+ 10 528+ 10b 675+08 745+ 11

Methanol  1:2 283+ 10 36.0+0.9 48.0+ 0.9 60.0+ 14c 745+ 11 88.0+ 1.0
15 308+ 1.0 39.5+0.8 jCj fi 11 66.5+ 1.1d 823 £ 1.3 90.0 £ 0.0

Control  33.0+ 0.9 435+ 11 603+ 10 748+ 12c 89.0+ 09 90.0+0.0

I+

Readings discontinued

Multiple Range Test, means at the same extract type bearing the same letters are not
signi ficantly different at P<0.05.
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APPENDIX 35

Radial growth of Penicillium digitatum at 28 - 30°C on maize dextrose agar (OBAATANPA) amended
with varying dilutions ofeither aqueous, acetone or methanol extracts of fruit of Kigeliciafricana.

(Data provided in Fig.21)

Type of Dilution Mean diameter of culture (Mean £ S.E) in mm after (days)
Extract /(2El_xtract
i

' 2 3 4 5 6 7

Undiluted 158+ 1.0 21.8+0.7 283 +0.7 355+ 0.8a 420+ 14 503 £1.0

11 193+ 13 312+ 0.7 39.8+ 13 48.0+0.9b 585+ 11 68.0% 14

Aqueous 1:2 193+ 14 315+ 11 41.0+ 10 523+ 13c 625+ 11 73.0%0.9
15 20.0 £ 0.0 31.8+ 11 43.0+0.9 565+ I.1d 67.0+ 14 783+ 1.0

Control  20.0 £ 0.0 323+ 10 445+ 10 545+ 0.7¢e 66.8+ 10 758+ 11

Undiluted 145+ 0.8 223+ 10 315+ 11 39.0+09a 458+ 10 53.0x0.9
Acetone 11 173+ 0.7 295+1.1 403 +0.7 533+ 15b 655+ 11 743+ 10
12 19.8 +0.7 318+ 10 43.0+0.9 565+ 0.8c 69.0+0.9 78.0+ 09
15 220+ 0.9 338+ 10 45.0+0.9 58.0+0.9d 71.0+09 805+ 1.0

Control  23.8 £0.7 350+09 468+ 10 60.0+09 720=* 14 823 + 10

Undiluted 9.3 +0.7 148+ 10 215+ 11 283+ 1.0a 355+08 43.0x0.9

11 123 +0.8 220+x0.9 30.0+09 385+ 11b 463+ 11 548+ 11

Methanol 12 165+ 1.0 248+ 10 338+ 10 418+ 15c 495+ 11 608 = 13
15 183 + 1.0 268+ 10 358+ 10 438+ 12d 525+ 11 648+ 11

Control 21.0+ 0.9 29.8 £0.7 38.0+0.9 473+ 1.0e 573+ 10 675+ 11

By Multiple Range Test, means at the same extract type bearing the same letters are not significantly
different at P<0.05.
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Radial growth of Curvularia lunata at 28 - 30°C on maize dextrose agar (OBAATANPA) amended with

APPENDIX 36

varying dilutions ofeither aqueous, acetone or methanol extracts of fruit ofKigelia africana.

(Data provided in Fig.21)

Mean diameter of culture (Mean = S.E) in mm after (days)

Type of Dilution
Extract ol'Extract
("wi
2
Undiluted 22.5 +0.8
11 355+ 0.8
Aqueous  1:2 40.0 £0.0
15 415+ 19
Control 415+ 13
Undiluted 25.3 £0.7
11 30.8+ 1.0
Acetone 1:2 333+ 11
15 35.0£0.9
Control 358 + 1.0
Undiluted 185=z* 11
11 240+ 09
Methanol  1:2 26.5 + 0.8
15 285+ 0.8
Control 308+ 10

Readings discontinued

I

36.0+ 14
548 £ 13
548 + 1.0
63.8 + 13
60.0 £ 0.9

395+ 038
49.0 £ 0.9
54.0 £0.9
57.0+ 0.9
58.0+ 0.9

255 0.1
37.3 £0.7
405 *1.1
443 1.1
46.3 + 11

505+ 15
76.8 + 1.0
78.0 £0.9
83.3+2.0
80.3 £ 1.0

53.0 £0.9
68.5 1.1
75.0 £0.9
76.3 + 1.0
778 £ 0.7

34.0 £ 0.9
545 +1.1
503 +1.1
64.3 + 1.0
66.5 + 0.8

66.3 £ 1.2a
89.3 + 1.0b
90.0 + 0.0b
90.0 £ 0.0b
90.0 + 0.0b

68.3 + 1.0a
825+ 1.1b
86.3 + 0.7c
90.0 £ O.Qd
90.0 £ O.Qd
415 % l.la
725+ 1.1b
76.5+ l.1lc
795 % I.1d
823 £ l.le

815+ 13
90.0 £0.0

68.3 £ 14
90.0 +0.0
90.0 £0.0

495 + 11
825 1.1
873+ 10
90.0 £0.0
90.0 £ 0.0

90.0 £0.0

90.0 £0.0

56.3 + 10
90.0 £0.0
90.0 £ 0.0

By Multiple Range Test, means at the same extract type bearing the same letters arc not
significantly different at P<().05.
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APPENDIX 37

Radial growth of Fusarium moniliforme at 28 - 30°C on maize dextrose agar (OBAATANPA) amended
with varying dilutions ofeither aqueous, acetone or methanol extracts of fruit of Kigelia africana.

(Data provided in Fig.21)

Typeof Dilution Mean diameter ofculture (Mean £ S.E) in mm after (days)
Extract ofExtraet

€0)

Undiluted 21.0+ 14 308+ 11 365+ 11 458+ 14a 553+ 12 653 0.7

11 325+ 10 480+ 09 655+ 11 793+ 1.1b 858+ 13 90.0+0.0
Aqueous 12 303+ 12 458 +1.0 .67.0 £0.9 825+ 0.8c 90.0+0.0
15 345+ 11 51.0+ 11 69.2+ 11 850+ 0.9d 90.0+ 0.0
Control  35.3 £0.7 51.8+ 11 70.0x0.9 873 + 1.O0e 90.0 £0.0

Undiluted 27.3+ 10 375+1.1 448+ 11 545+ 1l1a 673 +0.7 76.0=% 12
11 34.0 £0.9 485+ 08 66.0+09 835+0.7b 90.0 0.0
Acetone 12 37.0+£ 0.9 513 + 10 678 0.7 86.3+0.7c 90.0 £0.0
15 37.8+ 10 518+ 11 685+ 10 87.8+ 1.0d 90.0 £0.0
Control  33.8 %+ 1.0 493+ 0.7 653+ 10 845+ Lie 90.0£0.0

I+
=
o

Undiluted 16.3+ 1.0 243 +£0.7 305 +1.1 378 +0.8a 423 495+ 11
11 21.0 £0.9 293+ 13 358+ 10 49.0+x0.8b 65311 72009
Methanol  1:2 253+ 10 33.0+£09 45.0+0.9 58.0 I.lc 715+ 11 845+ 11
15 27.8 £ 10 378+ 12 508+ 12 638+ 1.2d 80.0+ 1.6 90.0+ 0.0
Control  36.0 £0.9 465+ 11 633+ 10 77.8 £ 1.2e 90.0 £0.0

Readings discontinued

By Multiple Range Test, means at the same extract type bearing the same letters are not
signi ficantly different at P<0.05.
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APPENDIX 38

Radial growth of Paecilomyces carneus at 28 - 30°C on maize dextrose agar (ABELEEHI) amended with
varying dilutions o(‘either agueous, acetone or methanol extracts of leaves ofKigelia africana.

(Data provided in Fig.22)

Type of Dilution Mean diameter of culture (Mean + S.E) in mm after (days)
Exti'act ofExtract

Undiluted 23.8 + 1.0 325+0.8 40.0+0.9 470+ 12a 548+ 1.0 65.0+0.9
11 303+ 10 428 + 12 643 0.7 783+ 1.0b 88.8+ 1.0 90.0+ 0.0
Aqueous 12 333 1.1 548+ 10 735+ 11 8754+ 1.1c 90.0£0.0
15 37.0 £0.9 583+ 10 76.3 0.7 90.0 £ O.Od
Control 29.0£ 0.9 503+ 11 68.8 + 1.3 .90.0 + O.0d

Undiluted 185+ 11 285+ 11 350+09 453+ 12a 525+ 12 617+ 12
11 300+ 12 49.0+0.9 615+ 11 5+ 11b 90.0 £0.0
Acetone 1:2 323+ 0.7 525+ 09 650+09 858+ 1.0c 90.0 0.0
15 358+ 11 55.8 £0.9 69.5+0.8 90.0 + O.0d
Control 335+ 12 533+ 10 675+08 883+ 1.0d 90.0 0.0

I+

Undiluted 175+ 0.8 245+0.8 324+0.7 438+ 10a 538+0.7 623 +0.7

11 27.0 £0.9 393+07 51.0+00 623 +'13b 745+0.8 88.0+0.9
Methanol 1.2 295+ 0.8 455+0.8 613+ 11 793+ 1.0c 90.0 £0.0
15 333+ 10 493 + 0.7 61.0+ 11 80.0+ 10c 90.0 £ 0.0
Control 34.0 £ 0.0 485+ 08 63.5+08 82.7% 1.2d 90.0+0.0

Readings discontinued

By Multiple Range Test, means at the same extract type bearing the same letters are not
significantly different at P<0.05.

181



APPENDIX 39

Radial growth of Paecilomyces puntonii at 28 - 30°C on maize dextrose agar (ABELEEHI) amended
with varying dilutions ofeither aqueous, acetone or methanol extracts of leaves of Kigelia africana.

(Data provided in Fig.22)

Type of Dilution Mean diameter of culture (Mean £ S.E) in mm
Extract of Extract after (days)
M 7 _
2 4 5 6 ' 7
Undiluted 28.2+ 11 47.3 + 1.2a 67.3 + 1.0 89.3+ 1.0 90.0+ 0.0
11 38.5 +0.8 78.5 + 0.8b 90.0 £0.0
Aqueous 1:2 43.8 +0.7 82.5+ 1.0c 90.0 £0.0
1:5 46.3 £ 1.0 88.3 + 1.1d 90.0 +0.0
Control 47.8 = 1.0 88.8 + 0.7d 90.0 £0.0
Undiluted 17.3 = 1.0 30.8+ 1.0a 47.3 + 1.2 634+ 14 775 1.3 89.3 £1.0
11 40.0 + 0.9 68.0 £ 1.0b 88.0+ 1.4 90.0 £0.0
Acetone 1:2 39.3 + 1.0 74.0 + 0.9c 90.0 £0.0
1:5 45.3 £ 1.9 83.0 £ 1,8d 90.0 £0.0
Control 45.8%+ 14 815+ I.Id 90.0 £ 0.0
Undiluted 25.8 £+0.7 43.0+ 0.9a 61.8+ 1.0 83.8+ 1.0 90.0 0.0
L1 41.0+ 0.9 65.5 £ 0.7b 89.3 + 1.0 90.0 £0.0
Methanol 1:2 458 £0.7 71.0 £ 0.9e 90.0 £0.0
1.5 52.8 + 1.0 90.0 £ 0.0d
Control 50.3 + 1.0 89.3 £ 1.Od 90.0 0.0

Readings discontinued

By the Multiple Range Test, means at the same extract type bearing the same letters are not
significantly different at P<0.05.
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APPENDIX 40

Radial growth ofPaecilomyces varioli at 28 - 30°C on maize dextrose agar (ABELEEHI) amended with
varying dilutions of either aqueous, acetone or methanol extracts of leaves ofKige/ia africana.

(Data provided in Fig.22)

Type of Hdilution Mean diameter ofculture (Mean £ S.E) in mm after (days)
Extract ofExtract
CO
2 3’ 4 5 6 7

Undiluted 215+ 11 350+ 09 433 +1.1 525+ 1la 640+ 14 77.0+ 13

11 27.0+£ 09 41.0+09 555+1.1 66.0+09b 795 +0.8 90.0+0.0
Aqueous 12 323+ 10 485 +1.1 643+ 12 783+ 10c 90.0+0.0
15 333+ 10 490+ 09 663+ 10 810+ 1,4d 90.0 £0.0
Control 35.0£ 0.9 50.8+ 11 67.8+ 12 855+ l.le 90.0£0.0

Undiluted 19.5+0.8 278+ 1.0 36.0+0.9 46.3 £0.7a 555+ 0.8 66.5 = 0.8

11 28.8 £ 0.7 415+ 08 548 +0.7 69.8+0.7b 835+0.8 90.0 £ 0.0
Acetone 12 33.0£0.0 473+ 0.7 635+0.7 84.0+0.9c 90.0+£0.0
15 355+ 0.8 493+ 10 658+ 10 87.8+ 1.Od 90.0 £0.0
Control  36.3 + 0.7 505+ 08 668+ 1.0 878+ 1.2d 90.0 £0.0

Undiluted 14.0% 15 233+ 16 323+ 16 420+ 15 525+ 15 60.5 + 1.9

11 27.3 £0.7 413+ 07 59.0+09 73.8=+0.7b 86.0% 12 90.0 £ 0.0

Methanol  1:2 283+ 10 445+ 08 61.8+0.7 785 % 1.0c 89.0 £0.9 90.0 £ 0.0
15 30.3 £ 0.7 45.8 +0.7 63.8 £ 0.7 80.5 + 0.8cd 90.0 £ 0.0
Control 32.0 0.9 46.5 1.1 653 0.7 815 =% I.I1d 90.0+%0.0

Readings discontinued.

By the Multiple Range Test, means at the same extract type hearing the same letters are not
significantly different al P<0.05.
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APPENDIX 41

Radial growth ol'Paecilimyces carneus at 28 - 30°C on maize dextrose agar (OBAATANPA) amended
with varying dilutions o['either aqueous, acetone or methanol extracts of leaves o['Kigelia africana.

(Data provided in Fig.23)

Type of Dilution Mean diameter of culture (Mean = S.E) in mm after (days)
Extract %ﬁxtracl

Undiluted 21.3 + 1.2 30.3+0.7 375+0.8 463+ 10a 56.0+09 645+ 10
11 283+ 10 437+ 12 613+ 12 763 +09b 853+ 10 90.0+0.0
Aqueous 1:2 32.8 £ 0.7 525+ 11 725+08 89.3+ 10c 90.0+0.0
15 36.0 £0.9 575+ 11 75.0%+ 11 90.0 = 0.0c
Control 36.3 £+ 1.0 585 +0.7 77.0+ 0.9 90.0 + 0.0c

Undiluted 20.5+ 0.8 30,0+ 09 373+ 12 485 +0.8a 56.8+08 655=+1.1
11 335+£08 528+ 10 655+ 1.0 86.3+0.7b
Acetone 1:2 35.0 £ 0.0 54.0 £ 0.9 68.3 +£0.7 90.0 £ 0.0c
15 355+ 0.8 545 + 0.7 68.0+ 0.0 90.0 £ 0.0c
Control 36.5 +£0.8 558+ 10 70.3 +1.1 90.0 = 0.0c

Undiluted 19.3 £0.7 273 +0.7 365+08 465 *+08a 56.8+0.8 65.8 + 0.8
11 29.3 £ 0.7 423 £07 55808 725 =+0.8b 90.0+ 0.0
Methanol 1.2 335+08 478 £ 0.7 643 £0.7 838 + 1.0c 90.0 x0.0
15 335+08 48.0+ 0.0 643 £0.7 83.8 £0.8c 90.0+0.0
Control 37.8 £ 1.0 53.0+ 14 69.0+09 895 +0.8d 90.0+ 0.0

Readings discontinued.

By the Multiple Range Test, means at the same extract type bearing the same letters are not
significantly different at P<0.05.
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APPENDIX 42

Radial growth ofPaecilomyces puntonii at 28 - 30°C on maize dextrose agar (OBAA 1ANPA) amended
with varying dilutions o( either aqueous, acetone or methanol extracts ol leaves ol kigelia africana.

(Data provided in Fig.23)
Type of Dilution Mean diameter ofculture (Mean = S.E,) in mm alter (days)

Extract of Extract
(V)

Undiluted 26.8 £ 11 50.8 + 0.9a 76.2 £ 1.2 90.0. £ 0.0

11 425 + 1.2 81.5 + 1.1b 90.0 £'0.0

Aqueous 1:2 43.2 + 1.2 82.5 + 1.6b 90.0 + 0.0
1:5 46.2 £ 1.1 87.7 £ 1.5¢ 90.0 £0.0

Control 44.8 + 1.3 89.3 £ 0.9c 90.0 0.0

Undiluted 184+ 11 31.0+ 0.9a 46.8 + 00 625+ 12 752+ 11 87.3 0.9

1 40.5 £ 0.8 82.0 + 1.4b 90.0 + 0.0
Acetone 1:2 41.5 + 1.3 85.0 £ l.Ic  90.0 £0.0
1.5 46.3 = 1.0 87.8 £ 1.Od 90.0 £0.0
Control 47.8 + 0.7 90.0 + 0.0d
Undiluted 27.5 0.8 45.3 £ 0.7a 64.0 £0.9 80.3 £ 0.7 90.0 £ 0.0
11 42.8 £ 11 68.3 £ 1.1b 90.0 £0.0
Methanol 1:2 45.0 £0.9 80.0 + 1.3c 90.0 £0.0
1.5 543 + 1.4 90.0 + 0.0d
Control 53.5 +0.8 90.0 + 0.0d

Readings discontinued

By the Multiple Range Test, means al the same extract type bearing same letters are nol
significantly different at P<0.05.
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APPENDIX 43

Radial growth of Paecilomyces varioti at 28 - 30°C on maize dextrose agar (OBAATANPA) amended
with varying dilutions ofeither aqueous, acetone or methanol extracts of leaves ofkigelia africana.

Typed Dilution
Extract ofExtract
"V
2
Undiluted 24.2 + 11
1:1 29.3 £ 0.9
Aqueous 1:2 29.2 £ 0.9
15 305+ 11
Control 30.8 £ 0.9
Undiluted 21.5+0.8
11 31.8 £0.7
Acetone 1:2 36.0 £0.0
15 36.3 £ 0.7
Control  36.0 £ 0.0
Undiluted 131 + 13
11 255+ 08
Methanol 1.2 273 £ 0.7
15 295+ 08
Control 308 £ 1.0

Readings discontinued.

(Data provided in Fig.23)

Mean diameter of culture (Mean £ S.E) in mm after (days)

?

37507 518+09 655 +0.8a

453 £0.9
458 £ 0.9
475 *1.1
46.7 £ 1.2

295+ 0.8
448 + 0.8
495 + 0.8
50.3 + 0.7
51.0+ 0.0

224 + 14
43.0 £0.7
453 £ 10
48.8 £0.7
495+ 10

62.3 + 0.7
62.3 +0.9
64.0 + 10
63.2 £ 12

39.3+0.8
58.0 £0.0
65.0 £0.0
66.5 + 1.0
67.8 + 1.0

312+ 13
59.0 £ 0.0
61.8 + 1.0
64.8 £ 0.7
65.0 +0.9

78.8 £ 1.0b
788 £ 1.1b
81.3 + 1.5c
795 + 1.3c

49.0 £ 0.0a
73.3 £ 0.7b
82.8 + 1.2c
85.3 £ 0.7d
87.8 + 1.3e

403 £ 1.1a
74.0 = 1.1b
76.5 £ 1.3c
81.3 £ 0.7d
83.0 £ 0.9e

78.8 £0.7
90.0 £ 0.0
90.0 £ 0.0
90.0 £ 0.0
90.0 £ 0.0

58.0 £0.9
86.5 +0.8
90.0 £0.0
90.0 £0.0
90.0 £0.0

496 + 10
86.0 + 0.9
88.8 = 1.0
90.0 £ 0.0
90.0 £ 0.0

I+

I+

+

90.0 £ 0.0

68.3 + 1.0
90.0 £ 0.0

574+ 14
90.0 + 0.0
90.0 £ 0.0

By the Multiple Range Icsl, means at the same extract type hearing the same letters are not
significantly different al P<().()5.



APPENDIX 44

Radial growth ol Penicillium digitatum at 28 - 30°C on mai/.e dextrose agar (ABI;l .EEHI) amended with
varying dilutions ofeither aqueous, acetone or methanol extracts of loaves of Kigelia africana.

(Data provided in I;ig.24)

Type of Dilution Mean diameter ofculture (Meant S.E) in mm after (days)
Extract of Extract
fy(/\ -
2 J 4 5 6 7

Undiluted 138 + 11 193+ 10 240+ 12 290+009a 353+ 12 420+ 15

11 183 + 1.0 29.0+ 10 373 +1.1 47.0+009b 585+ 11 665 =0.8

Aqueous 1.2 195+ 11 28.8+0.7 397+ 11 505+ 14c 603 0.7 69.8+ 1.0
15 178+ 1.0 280+ 0.0 395%08 49.3 % |.Obc 60.0+0.9 693 = 10

Control 20.3+ 10 303+ 11 410+ 15 523+ 12c 63.0+£1.3 726 1.1

I+

Undiluted 115 +0.8 170+ 09 218+ 10 26.8+0.7a 33.0+0.9 38807

11 123 £ 0.7 21.8+ 12 308+ 13 428 + 13b 53.0+ 12 623+ 10

Acetone 1:2 155+ 13 250+ 09 353+ 15 46.8 + 14c 578+ 12 675+ 15
15 165+ 0.8 278+ 10 39807 515%1.1d 618 0.7 728+ 10

Control 155+ 05 26.0+ 10 383 +0.7 505i-0Sd 61.0+0.9 73.0+09

w
w
o

+

Undiluted 7.0 £0.9 113+ 10 178+ 10 225 +0.8a 29.0+0.9 + 10

11 133+ 0.7 215+ 11 27.0+0.9 345+ 08b 438=%0.7 533=%10

Methanol 1.2 158+ 1.0 243+ 10 348 0.7 440+ l.lc 52.0£08 628+ 10
15 193 £0.7 30.0+0.9 39.8+0.7 50.3+0.7d 59.0+0.9 68.0+0.9

Control 18.8 + 0.7 285+0.8 385+0.8 485+ 10d 585%0.8 708=* 10

By Multiple Test means at the same type of extract bearing the same letters are not significantly
different at P<0.05.

187



APPENDIX 45

Radial growth ol'Curvu/aria luna/a al 28 - 30°C on maize dextrose agar (ABhl.khl Il) amended with
varying dilutions of either aqueous, acetone or methanol extracts of leaves ol Kigelia africana.

(Data provided in Fig.24)

Type of Dilution Mean diameter of culture (Mean = S.E) in mm after (days)
Extract R/ﬁxtract
w

2 n 4 5 6 7

Undiluted 26.3+ 1.0 435+ 10 608+ 1.2 733+ 1.0a 863+ 1.0 90.0+0.0
11 33.0+ 15 483+ 10 643+ 12 773 + 1.3b 90.0 £0.0
Aqueous 1:2 355+ 11 525+ 0.8 68.0+09 793+ 1.2bc 90.0 0.0
15 355 +0.8 543 + 0.7 69.8+ 13 80.3+ 1.0c 90.0 £0.0
Control  37.0 £0.9 55.0+ 11 728 +0.7 86.3 +£0.7d 90.0+0.0

Undiluted 133+ 1.2 21.0+ 14 293+ 14 373+ 16a 448+ 16 520+ 16

11 26.0+ 1.2 418+ 12 593+ 12 77.0% 14b 885+1.1 90.0+0.0
Acetone 12 26.8 + 0.7 423+ 18 618+ 15 793+ 11lbe 90.0 + 0.0
15 27.8 £ 0.8 410+ 17 63.0+ 12 803+ 1.3c 90.0+0.0
Control  34.0 = 0.0 525+ 08 723+ 12 87.8+ 1.3d 90.0 0.0

Undiluted 14.8 +0.7 203+ 0.7 28.0+0.7 36.3+0.7a 428+ 07 5101 09
11 21.0+ 0.9 293+ 10 39.0+0.9 503 + 10b 625+0.8 705 +0.38
Methanol  1:2 248 +0.7 403+ 0.7 573+07 715+08c 86.8+ 10 90.0+0.0
15 26.5 +0.8 43.0+09 60.0+ 11 755+0.8d 895+0.8 90.0i 0.0
Control 29.8 + 1.0 463+ 10 67.0%+09 843 + 1.Oe 90.0+0.0

+ +

I+

By Multiple Range Test, means at the same type of extract bearing the same letters are not
significantly different at P<0.05.



APPENDIX 46

Radial growth of Fusarium moniliforme at 28 - 30°C on maize dextrose agar (ABELEEHI) amended
with varying dilutions of either agueous, acetone or methanol extracts of leaves of Kigelia africana.

(Data provided in Fig.24)

Type of Dilution Mean diameter of culture (Mean = S.E) in mm after (days)

Extract of Extract
VA
NV

Undiluted 183 % 1.0

11 235+ 10

Aqueous  1:2 27.0£0.9
15 26.0+ 11

Control 29.8 £0.7

Undiluted 17.0+0.9

11 215+ 0.8

Acetone 12 25.3 0.9
15 27.8 £ 0.9

Control 323+ 10

Undiluted 15.0 £ 0.9

11 20.8+ 1.0

Methanol  1:2 253 0.7
15 28.3 £0.7

Control 30.5 £0.8

Readings discontinued

26.8 + 1.0
338+ 1.0
383 + 1.0
36.5 + 0.8
40.5 +0.8

248 + 0.7
28.5 +0.8
385+ 11
40.4 +0.7
435+ 10

228+ 10
30.5+0.38
355+ 038
37.8 £ 0.7
425+ 0.8

355+ 11
423 £ 13
483 + 1.0
455 £ 0.8
545+ 0.8

323+ 10
38.0 £0.9
55.0 £0.9
58.5 + 0.8
625+ 1.0

30.3 £ 1.0
39.5 1.1
48.0 £ 0.9
515+ 11
59.0 £ 0.9

46.0 + 0.9a
58.0 £ 0.9b
67.0 = 0.9cd
65.0 = 0.9c
68.5 + 1.1d

40.5 + 1.0a
47.8 + 0.9b
66.3 + 0.8¢c
73.0 £ 0.9d
76.5 = 1,0e

38.5 + 1.0a
48.8 £ 1.3b
61.5 + 1.0c
68.3 £ 0.7d
73.8 £ 1.2e

55.3 £0.7
743 + 1.0
845+ 11
810+ 12
88.5 1.1

50.0 £0.9
58.8 + 1.0
815+ 14
88.3 + 1.0
90.0 £0.0

48.0 £0.9
63.0 + 0.9
778+ 10
833+ 10
89.3+ 10

68.0 + 0.9
86.0 + 0.9
90.0 + 0.0
90.0 £ 0.0
90.0 +0.0

59.8 = 0.7
67.0 £ 0.0
90.0 + 0.0
90.0 £ 0.0

58.3 £ 10
715 Il
90.0 £ 0.0
90.0 +0.0
90.0 £ 0.0

I+

By Multiple Range Test, means at the same type of extract bearing the same letters are not

significantly differentat P<0.05.
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APPENDIX 47

Radial growth of Penicillium digitatum at 28 - 30°C on maize dextrose agar (OBAATANPA) amended
with varying'dilutions of either aqueous, acetone or methanol extracts of leaves ofkigelia africana.

(Data provided in Fig.25)

Mean diameter of culture (Mean £ S.E) in mm after (days)

Type of Dilution
Extract of Extract
vv ' )
Undiluted 10.8+ 1.0
11 158 + 1.0
Aqueous 1:2 152+ 10
15 16.0 £ 0.0
Control 15.3 £0.7
Undiluted 10.3+0.9
11 125+ 0.8
Acetone 1:2 158 + 1.0
15 175 +0.8
Control 155 +0.8
Undiluted 9.0+ 11
11 115+ 0.8
Methanol  1:2 148 +0.7
15 16.0+ 0.9
Control 16.0+ 11

175+ 15
26.3 +1.1
26.7 + 14
27.0+ 1.0
27.7+ 0.7

121 £ 11
26.8 + 1.0
288 + 10
29.8 £ 1.0
28.8 £ 0.7

113+ 12
18.3 + 0.8
22.0 £0.9
248 £ 0.7
240 = 11

262+ 13 328 = 1.2a

358+ 10
36.7 £ 11
38.0+ 13
393 +£0.7

18.2+ 12
36.3 £ 1.0
39.0 £0.9
398+ 10
37.8 £ OJ

168 + 1.0
24.0 £ 0.9
288 + 1.0
348 £ 0.7
338+ 1.0

45.7 = 1.4b
46.5 = 1.4b
49.0 £ 1.3c
49.3 £ 0.9c

21.8 £ 0.8a
46.0 = 0.9b
493 + 1.2c
50.8 £ 0.7c
49.5 + 0.8¢c

21.0 + 1.1a
30.0 = 1,0b
36.8 + 1.0c
445 = 1.0d
435+ 1.3d

393+ 10
553 + 13
56.8 + 15
503+ 14
60.0 + 0.8

+ I+

I+

26.2+ 10
538+ 0.7
56.8 +1.1
60.8 +0.9
58.0 £ 1.2

255 1.1
36.3 + 1.0
443 £ 0.7
55.8 £+ 0.7
52.0+ 0.9

46.7 £ 1.0
64.0 + 0.9
67.0+ 11
69.2 £ 1.2
69.0 £0.9

30.3 £ 0.0
63.8 + 1.0
65.8 + 1.0
67.5 + 0.8
67.8 = 1.0

1.0
12

30.8
42.8
513 £ 1.0
66.0 £ 0.9
60.8 = 1.0

+ + +

I+

By Multiple Range Test, means al the same type ofextract bearing the same letters are not
significantly differentat P0.05.
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APPENDIX 48

Radial growth of Curvularia lunata at 28 - 30°C on maize dextrose agar (OBATAANPA) amended with
varying dilutions ofeither aqueous, acetone or methanol extracts of leaves ofkigelia africana.

(Data provided in Fig.25)

Type of Dilution Mean diameter of culture (Mean + S.E) in mm after (days)
Extract ol'Extract
2 3 4 5 6 7

Undiluted 23.8 = 11 405 +0.7 522+ 14 623+09a 74009 85.0+ 1.2
11 28,5+ 0.9 453 +09 592+ 12 698+ 16b 80.0+ 1.7 90.0z0.0
Aqueous  1:2 31.5+0.7 49.7+ 0.7 65209 763+ 12c 857+ 11 90.0 + 0.0
15 325+ 0.7 515+ 11 678+ 16 773+ 1.0c 90.0+ 0.0
Control 323 0.7 513+ 0.7 69.2+09 833 =x0.7d 90.0=+0.0

Undiluted 128+ 14 20,7+ 12 285+0.8 36.2+ 1la 440=%09 51.2+ 10

11 258 + 13 411 +£09 563 +1.1 713+ 12b 86.2+0.8 90.0 £ 0.0

Acetone 1:2 27.1 £ 0.9 42.0+0.8 568+ 10 72.0% 1.1b 86.7 £0.8 90.0 + 0.0
15 27.8 £0.8 43.7+0.9 59.7+ 10 759+ 14c 90.0+ 0.0
Control 303+ 10 496 +0.9 64.6 +1.1 80.2+ 1,3d 90.0+0.0

Undiluted 135+ 0.8 190+ 09 258+ 10 34.0+09" 40.8+ 10 48.8 + 1.0

11 195+ 038 293+ 10 423 % 13 568+ 1.1T 673+ 10 76.5 £1.1

Methanol 12 26.8 £ 1.0 39.3+0.7 555+08 735+ 11lc 87.0+0.9 90.0 £0.0
15 253+ 10 41.0+ 12 578 *1.1 773 % 1.3c 90.0 0.0
Control 30.3 + 1.3 468 £ 12 66.0+09 828+ 1.0d 90.0 £0.0

Readings discontinuted

By Multiple Range Test means at the same type ofexlracl bearing the same letters are not
significantly different al P<0.05.
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APPENDIX 49

Radial growth of Fusarium moniliforme at 28 - 30°C on maize dextrose agar (OBAATANPA) amende
with varying dilutions o(‘either aqueous, acetone or methanol extracts o('leaves ofkigelia africana.

(Data provided in Fig. 25)

Type of Dilution Mean diameter of culture (Mean £ S.E) in mm after (days)
Extract ofExtraet
(V 2 J 4 5 6 7

Undiluted 195+ 1.0 268+ 10 352+0.9 443 +09a 53.0+0.9 638+ 10
11 26.3+0.9 35.8+0.7 48.0+0.9 615+ 1.0b 783+ 10 90.0£0.0
Aqueous 1.2 28.0 +0.9 373+ 01 525+ 11 69.0+ 09 838=+0.7 90.0x0.0
15 295 0.8 405 +08 57.0+0.9 718+ 1.2d 87.0+x0.9 90.0=%0.0
Control 33.0 £0.9 433+ 10 63.0+0.8 753+ [.0e 90.0+0.0

Undiluted 14.8+0.7 215+08 29.0+0.0 385=+0.7a 47.3+07 56.2+09
11 21.8 £ 10 320+ 11 403 0.7 518+ 13b 66.0+x09 785 +0.8
Acetone 12 25.3 £0.7 37.5+£08 518+ 11 675+ 13c 828+ 14 90.0+0.0
15 26.5+0.8 395+ 07 53307 693+ I.le 84511 90.0i0.0
Control  28.3 0.7 413 +07 563+07 725=+0.8d 90.0+0.0

Undiluted 135+ 0.8 195+08 27.0+09 353 +0.7a 433+ 10 53.0 £ 0.8
11 20.0 £ 0.0 275+08 36.0+0.9 470+ 1.1b 56.0+ 12 65.8 £1.1
Methanol  1:2 235+ 08 33.0+£09 43.0%0.9 525+ 11c 63.0+ 1.2 743 £ 10
15 255 £ 0.7 385+ 10 498+ 13 665+ 15d 78S+ 11 90.0 £ 0.0
Control 27.0+ 0.9 403 + 10 578+ 14 735+ 13e 90.0+0.0

Readings discontinued.

By Multiple Range Test, means al the same type ol'exiracl bearing the same letters are not
significantly different at P<0.05.
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