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STELLINGEN (THEOREMS)

1. Moulds contaminating stored cereal grains and grain products belong pre-
dominantly to the genera Aspargillus and Penicilliwm. Aspergillus spp. and
Penictlliuwm Spp. impart potent mycotoxins into stored produce.

The contaminating mycoflora exhibits four patterns of infection and although
some cannot be isolated after 4-5 months storage (e.g. Pentetllcum digitatum,
P. expanswm, Fusarium moniliforme, Paectlomyces varioti); they would have al-

ready released the toxin into the food,

2, The conventional aerial prophylactic spraying of stored grains and cereals
with fumigants and insecticides temporarily reduces aerial spores of fungi. On
each occasion of spraying, the aerosol is inhaled by the workers; the chemical
burden on grains becomes additive as more spraying is carried out at a later
date.

3. Insecticides do not kill fungi. The contaminating moulds reappear after a
lapse of a few days in large numbers.

4. High tropical environmental conditions for most part of the year (>85% R.H.
and 28+3 DC) are conducive for rapid proliferation of fungi on stored cereal
grains and grain products as the moisture contents (m.c.) increases above the
stipulated safe m.c. for storage. Insect activity (producing metabolic water)
combines with high ambient R,H. to induce mould growth. In addition, insects
ingest and carry mould spores on their bodies and droppings and spores may
spread to distances as far as an insect can go within a storage sack.

5. A combination of moist heat (60 ¢ for 30 min.) and irradiation (4.0 KGy)
can decontaminate maize of fungi. This result could be extended to other

cereal grains and grain products.

6. Unlike dry heat, moist heat has high penetrating power, increasing target
size and causing rapid coagulation of protein.

The general mutational effect of irradiation is to cause damage to the genetic
and biological mechanisms, creating impairment of finction.
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ABSTRACT

Traditional storage of maize in tropical countries such as Ghana results
in the rapid development of numerous fungi, including potential mycotoxin pro-
ducers such as Aspergiilus flavus (aflatoxins), 4. ochraceus (ochratoxins, pe-
nicillic acid), Fusarium moniliforme (moniliformin), Paecilomyces varicti and
Penietllium expansum (patulin). Treatment of maize with a combination of meist
heat (30 min. at 60 °C and relative humidity >85%) and gamma irradiation (4.0
kGy) proved to be effective in inactivating the resident population of fungal
spores. This result was confirmed by in viftro studies with spores of dspergil-
lus Flayus NRRL 5906. In a comparative study of packaging materials it was
found that food commodities stored in woven polypropylene bags for six months
at 85% R.H. had mould and yeast counts which were 2-3 log cycles lower than
those of products kept in jute bags. Also, the viability of the seeds was bet-
ter preserved in polypropylene sacks.

It is recommended that the combination treatment be carried out on good.
quality grains, and that woven polypropylene sacks are used in bagging prior
to irradiation, for maximum extensiocn of shelf-life.
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INTRODUCTION

Maize (Zea mays L.) has been under cultivation for several thousands of
years in the Americas, but it was Columbus who introduced it in the early
1500's into West Africa where its uses have increased.

Maize, an example of cereal grain is a very important staple food crop in
Africa and is as a rule stored for long pericds, as buffer stock, for both
human consumption and lately as ingredient for poultry and livestock feed.
Maize production in Ghana is primarily for human consumption and a large pro-
portion of the population (>70%) depend on maize as the principal source of
food. Indeed, as many as twenty different kinds of food can be prepared from
maize (Eyeson and Ankrah, 1973).

The crop is cultivated throughout the country with varying degrees of
success, depending on the edaphic and climatic factors. In Ghana, the areas of
maize cultivation include the whole of Southern Ghana, Ashanti, Brong Ahafo,
the Northern Region and parts of the Upper Region. The most suitable soils
vhich enhance maize production and their distribution are the Kumasi, Asuansi,
Kroso, Swedru, Nsaba, Bekwai and Kokofu series found in the forest areas of
Ashanti, Central, Eastem, Western and Brong Ahafo Regions. In the transitional
zone, Bedeisi and Sutuwa series in the Bromg Ahafo, Central, Ashanti .and
Eastern Regions are also very suitable for maize cultivation. The most suitable
scils in the Savannah Vegetation Zome are the Damongo, Ejura, and Valempele
series found in the Upper and Northern Regions and parts of Ashanti. Suitable
s0ils of Coastal Savannah thicket are the Oyarifa, Toje, Abouku and Bajiase
series among several others., In the Velta, Eastern and Central Regions, the
Afeyi, Kpandu and Asokwa series form the suitable soils for maize cultivation.

Intensive commercial production of maize in Ghana is however found in four
main centres: (a) the Somanya District of Eastern Region; (b) the Midland Maize
belt of Ashanti and Brong Ahafo Region; (c) the Ho-Kpandu district of Volta
Region, and (d) the Swedru-Adjumake District of the Central Region.

Elsewhere substantial amoumts may be produced but these are used mainly
for home consumption on a subsistence economy and do not feature in commercial
estimates.

Being a seasonal crop, especially in West Africa, maize is stored as dry
grains and forms an enormous reserve of food, However, substantial amount in
storage are subject to attack by a variety of insects, fungi and other bio-



deterioagents. Losses in storage due to insects and fungl is estimated at
between 30-50% of annual harvest (Rawnsley, 1970; Adams, 1977). In the recent
1983 estimates by the Ministry of Agriculture in Ghana, they put losses owing
to insect and fungi activity at 60 million in local currency. Production and
Import figures for maize (1970-80) is presented in Table 1.

The role of fungi in quality deterioration of grains is well documented in
developed countries (Bothast et al., 1975; Christensen and Kaufmarm, 1965, 1969;
Lagrandeur and Poisson, 1968; Semenuik, 1954; Tuite, 1978; Tuite et al., 1967,
etc.) but there is paucity of information regarding these fungi on maize grains
in West Africa and the role such fungi play.

Broadbent et al. (1969) provided an extensive list of fungi associated
with maize isolated in Nigeria. Later, Oyeniran (1973a,b) added eleven different
fungi belonging to the genera dspergillus and Pemteiiliiuwn to the list. Other
workers in Egypt (Moubasher et al., 1972) isolated and identified thirty-four
species of fungi belonging to thirteen genera on stored maize. Members of the
genus Aspergillus were the most predominant followed by PenieillZum. Danquah
{1973) isolated twenty-two seedborne fungi on maize in Ghana including only one
dspergilius sp. and one PemictiiZum sp. and he showed the pathogenicity of some
of them to maize seedlings. He did not, per se, report of any toxigenic species
of potential human hazard.

Fungi infect grains in the field before harvesting or during harvesting
through pure mechanical damage or in storage by aerial spores in the storage
5ilos or bins.

Losses induced by fungi and insect activity

The major type of losses caused by fungi growing in stored grains are
(i) decrease in viability (ii) discolouration of part (usually the germ or
embryo) or all kernel or seed (iii) heating or mustiness (iv) various biochem-
ical changes (v) loss in weight (vi) production of toxins that if consumed may
be injurious to man and domesticated animals. These are exhaustively discussed
by Christensen en Kaufmann (1969).

The role of storage fungi as a source of insect food and their effect on
the breeding of some stored products insects e.g. Sitophilus orysae has been
reported (Agrawal et al., 1957; Mista et al., 19671; Sikirowski, 1964; Widstrom,
1979). Results indicate that larvae, pupae and adults of various stored products
insects carry toxigenic and non-toxigenic species of fungi, internally (Table 2).
The major economic loss caused by grain-infesting insect is not always the
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actual material they consure, but also the amount contaminated by them and their
excreta which make food unfit for human consumption. Suffice to say that the
cumulative effect of insect feeding, breeding, transmission of toxigenic and
saprophytic fuingi and associated changes in the microecological conditions in
the bulk grain, hasten the microbial deteriorative process.

Table 1. Production and imported supplement of maize in Ghana for the period

1970-1980,

Year Production figure Import supp}ement
(thousand metric tonnes) (thousand metric tomnes)

1970 483,0 2 529.0 P

1971 465.4 338.0

1972 402.4 2.0

1973 427.0 242.2

1974 486.0 26.0

1975 343.0 44,0

1976 295.0 105.7

1977 299.0

1978 386.0

1879 370.0

1980 424.0

Source: a) Ministry of Agriculture, CGhana, Planning and
Research Division, Accre;
b} Central Bureau of Statistic, Accra.

The activity of infesting insects make metabolic water aveilable which
goes to cause marked increases in the moisture content (m.c.) of grains. For
each of the common species of fungi infecting grains, there is a minimm m.c.
in grains below which the fungus canmot grow. These minimum m.c. have been
determined for most common storage fungl growing on starchy grains {Christensen
and Kaufmanm, 1969). Davey and Elcoate (1965) put the safe m.c. for storage of
maize at about 13.0% whilst Lutey and Christensen (1963) previously suggested
that viable field and starage fimgi may be generally reduced or eliminated from
grain lot at m.c. 12-74% and a temperature of 20-30 0C, without serious deteri-
coration of grains. It is the interseed Equilibrium Relative Humidity (E.R.H.)
expressed as a fraction that determines fumgal activity (Christensen, 1974,
1978; Koehler, 1938; Semenuik, 1954). This fraction or water activity a, is the
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Table 2. Fungal species isolated from storage insects.

Ingsect species screened

Toxigenic species

Other species

Sitophilus aryzae, Lion.

Tribolium castansum
Hebrst.

Trogoderma granarium
Everts

Callosobruchus chinensis
Linn.

Oryzaephilus surinamensis
Linn.

Stegobiwm panzceun Linn.

Rhizopertha dominica
Fab.

Araecerus fasctculatus
de Geer

Corcyra cephalontoa
Staint.

Ephestia cautella Walker

4.
A.
4.

flavus, A. candidus,
occhraceus,

Ffumigatus

. flavus, A. candidus,

78 landicum
Flavus, A. candidus,

tslandicum

flavus, A. candidus

Fflavus, A, ochraceus

candidus

. ecandidus,

ochraceus

Flavus, 4. candidus

Fflavus, A. candidus

Flavus, 4. candidus

A. sydowi, A. ruber,

4. niger, A. chesvaliert,
P. rugulcsum,
Amblyosporium sp.,
Cladosporium sp.

A. versicolor, A. nigern
4. ruber, 4. chevalierti,

A. ruber, 4. niger,

A. glaucus gr.,

A. sydowi, A. versico-
lor, P. restrictum

A. ruber, A. sudowt,
A. glaucus gr.

4. restrictus,

A. terreus, A. glaucus
gr., P. decumbens,
{ladosporium sp.

A. glawcus gr.

4. niger, A. glaucus gr.

4. ntger, 4. glaucus gr.

A. sydowi, 4. ruber,

4. niger, A. veatrictus,
A. versicoler,

P. spinulosum,

P. gorylophilum,

Nigrospora sp.

4. niger, 4. glaucus gr.
A. terreus, A. ruber,
A. versticolor.




ratic of the water vapour pressure of substrate to the water vapour of pure
water at same temperature and pressure {Scott, 1957). Water activity has now
taken the place of moisture as the most useful expression of the avallability
of water for growth of microorganisms (Scott, 1957). The a, of food product is
low (i.e. low m.c.) when the solute molecules bind water molecules. Then, the
water molecules are less free to escape from the surface cf the food product
into the vapour phase, and the vapour pressure is low. When boun&, water mole-
cules are not available for fungal growth. Fungal growth is therefore related
to the . Indeed, it is believed that storage fungi do not readily g-mw below
an E.R.H. of 75% {aw 0.75) (Christensen, 1978).

Unfortunately, the environmental conditions in the tropics with high average
humidity >80% R.H. and high temperatures (2843 ®C) favour all kinds of deterio-
rative processes of .stored grains.

Odamtten and Langerak (1980) showed that the equilibration period of two
varieties of maize (Ghanaian local variety and Dutch yellow maize) held under
R.H. 60-80% was 12 days after which ‘there was no further increase in m.c. The
m.c. of grains kept at 85-95% R.H. continued rising above the stipulated safe
m.c. for storage of grains (11-13%). Gain in weight owing to water sorption is
at the expense of the gquality of grains, whose shelflife is shortened by the
growth of fumgi on such grains. The equilibrium moisture content (EMC) of grains
is influenced by genotype (Hubbard et al., 1957}, previous drying temperature
(Tuite and Foster, 1963), storage temperature {Pixton and Warburton, 1971},
hysteresis (Hubbard et al., 1957) or whether grain is groumd or unground (Tuite
and Foster, 1963). However, Odamtten and Langerak (1980) found that moisture
sorption isotherms (at varying humidities) obtained for Ghanaian local maize
variety were akin to that obtained with Dutch variety maize except that the
Dutch variety was less hygroscopic, absorbing comparatively lower water vapour
moisture at high storage humidities and containing 14.0% m.c. at 80% R.H. (aw
0.8) as compared to 15-17% m.c. for the Ghanaian variety under the same humidity
(80% R.H.) condition. They concluded that control and storage conditions which
would be ideal for storage of Ghanaian local maize would also be suitable for
the Dutch variety and vice versa.

Mycotoxin contamination of foodstuffs

Foogstuff are contaminated with mycotoxins in different ways. Toxigenic
moulds may grow and produce mycotoxins in agricultural produce in the field as
well as during transport and storage when conditions are favourable i.e. at high
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a, > 0.70. Berman (1958) and Higginson (1963) showed that the areas showing
high incidence of primary cancer of the liver include the sub-Szhara region of
Africa (where Ghana is located) and Scutheast Asia. Interestingly, these are
all areas of continuous high humidity and high to moderate temperatures in
general. These climatic conditions favour mould growth on such stored staple
foods as rice, maize, rye and groundnuts. The mycotoxin problem in these areas
is becoming serious; dspergrlius flavus and most other toxigenic moulds are ex-
tremely common and have been found to grow on a variety of foodstuffs under a
wide range of conditions.

Extensive field investigations conceming contamination of human foodstuffs
with mycotoxins have been conducted in many African, and Asian countries inclu-
ding South Africa and Swaziland (1966-1969) as reported by Gilman {1971); Uganda
(1965-1967) reported by Crawford (1971) and Alpert et al. (1971); Thailand
{1967-1970) reported by Shank (1971); Mozambique (1969) reported by Purchase
and Gonsalves (1971); Philippines (1967-1969) reported by Campbell and Salamate
(1971); Kenya. (Peers and Lindsell, 1973); Ghana (Lokkc, 1978). New Guinea, Kecrea
and Japan. Results of the field investigations on isolation of toxic fumngi from
toodstuffs showed that most of the fungal species belong to the two major genera
of storage fungi, dspergiilus and Penictli{um. These foodstuffs included rice
grains (unhulled, rough and polished rice) other cereal grains (wheat, barley)
maize, soybean, red beans and other legumes, cassava flour, fermented foods such
as miso {soybean paste}, shoya (soya sauce) dried fish and pickled vegetables
(mukamiso). Aspergilli and Penicilli are mostly confined to stored products be-
cause of their adaptation to dry conditicns. Fusaria thrive in wetter conditionms.

Interestingly, no significant difference was observed in the kinds and dis-
tribution of fimgi among the investigated areas of the world (Purchase, 1971),
though there are several characteristic patterns of mycoflora distribution in
each local area and in each type of foodstuff. Some work has been done in Ghana
with regard to the fimgi that infect foodstuffs. Lokko (1978) provides the first
information on aflatoxin in cassava flour. There are also sporadic reperts of
death of poultry and humen beings as a result of ingesting maize, cassava flour,
animal feed etc. contamined by fungi and Food Research Institute has record of
aflatoxin presence in maize (unpublished data). This is because the recommended
practices for prevention of mycotoxin: formation in food, feed and their pro-
ducts by the FAD is not strictly adhered to by some farmers and secondly our
ambient environment naturally promotes fungal deterioration. Drying of the pro-
duce is an effective means to prevent further growth. However, if mycotoxins




have been formed, the process of contamination can be stopped but not reversed
by drying. Because of their stability, mycotoxins may pass industrial processing
of the produce without large reduction and enter into consumer products (Harwig
et al., 1974; Marth and Doyle, 1979; Van Egmond et al., 1977). Aflatoxins them-
selves, or derivatives of them have been detected in the urine, fasces, and
milk of animals, and even in human urine (Campbell and Salamat, 1971). Smith et
al. (1976) showed that incidence severity of aflatoxicosis is great when there
is poor on-farm storage of maize and that afiotoxin formation continues during
and after milling process.

Aflatoxins formed by 4. flavuws and 4. paresitieus are the most studied
mycotoxins because of their well known carcinogenic and etiological effect of
human and animal malignancies (Rodrick and Stoloff, 1977). Aflatoxins showed
carcinogenic target effect on organs other than the liver, such as the stomach,
kidney, trachea and intestines {Butler and Bamnes, 1966; Dickens et al., 1966).

Zuber and Lillehoj (1979} recently reviewed the status of the aflatoxin
problem in maize and stated that conditions of stress such .as drought have been
shown to enhance aflotoxin contamination problem. If this is “true, then the
West African region stand a great risk of quality deterioration of their little
stock of maize at this material moment of acute drought conditions. Prior to
1971, aflatoxin contamination in maize was associated with stored grain
{Christensen and Kaufmann, 1968}, Afterwards, it was demonstrated in pre-harvest
maize (Anderson et al., 1975). Since most of the maize grains or their flour
are frequently used in food or feed, it became necessary to develop methods to
prevent toxin formatiom.

Application of conventional technology for preservation

S&n drying is a cheap form of natural energy used in reducing the m.c. of
maize-on~the-cob and hulled maize to safe (12-14% m.c.) i.e. an a, of 0.70-0.75
for storage. In Chana, the traditional platforms, and mats used for sun drying
of shelled maize are variable from ome locality to the other. In some instances
(also in the Nigeria, Kénya and Zambia) grains are left to mature and dry on
the cob in the field. The maize grains are collected from the field when they
are éompletely dry for threshing. Another common practice is to cut the stalks
at the base and arrange them in bundles or layer in the field and on barns at
home, & process referred to as stooking. They are then allowed to dry in the
sun. The maize cobs may also be tied together by using the husks and can then
be hung on bundles from staves in a traditional fire-place of a kitchen ( to



promote smoke infiltration into the bundles supposedly to kill insect and fimgi)
or from a tree as in the case of Zambia (Chalwe, 1980). Admittedly, mould
growth is still possible because of the increased grain temperature and the
attendant insect activity making available metabolic water for fumgal growth.
Moulds such as dspergiilus flavus can invariably be detected {Converse et al.,
1978b}.

High temperature drying is the method of choice in conditioning maize for
storage and marketing. Grain dried at high temperature is decreased in hygros-
copicity and as a result is in equilibrium with a higher R.H. than low tempera-
ture dry grains (Tuite, 1979): Dryers, particularly the cross flow and batch
driers, operating at too high a temperature and high drying rate give brittle
kernels caused by the formation of stress crack in the endosperm (Peplinski et
al., 1975; Thompson and Foster, 1963). As a result, broken maize foreign matter
is increased and this constitutes a storage hazard because they are hygroscopic
and the surface is exposed: acting as a food bait for fungal spores. Such broken
grains contain 6-7 times as many spores as their unbroken kernels (Tuite, 1975).

Storage si'tuation in Ghana

Hermetic storage of high moisture maize practiced in developed countries
was the innovative venture of Vayssiére (1948) in France. The grain undergoes
fermentation, oxygen is depleted and carbon dioxide is increased by the respira-
tion of grain yeast and bacteria (Burmeister at al., 1966; Isaacs et al., 1959).
Areas with warmer climates and much rainfall in the tropics, like Ghana are more
subject to insect and mould contamination of stored grains. Variable traditional
storage bins used in different sectors of Ghana have been collated and reviewed
by Nyanteng {1972). In addition to these traditional structures, concrete, ply-
wood, aluminium and butyl silos are mostly used and some bulk grains are stored
in jute sacks in open cement warehouses. The lccation of concrete and butyl
silos storage facilities in Chana for cereal grains and animal feed have been
reviewed in a recent report (Anon, 1979). The storage facilities in the country
was considered inadequate because functional concrete silos could store a 69,000
metric tonnes capacity of cereal grains whilst butyl silo could contain 130,544
metric tonnes of cereal grains. Meanwhile, the total amountofimported cereals
and pulses needed to be stored by 1976 was 635,819 metric tonnes. Such a situa-
tion has favoured the handiing of over 60% of the grain surpluses or supplies by
farmers (majority being tradition farmers) outside those specialized storage fa-
cilities. Insect and fungal deterioration of grains under such conditions become
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the ruie rather than an exception. Studies have indicated that hermetic or air-
tight structures are better than non-air tight structures for grain storage
{Hyde and Okley, 1960). ‘But in silos and storage bins wunder tropical conditions,
even with 10% initial moisture content, thermogenesis, discolouration of grains
and fungal growth develop within weeks of storage. Turning of the maize grains
to promote greater wmiformity in moisture distribution, blowing dry air through
the grain mass, and other mechanical handling are required that are difficult
and expensive. Imported bulk grains are bagged in jute bags and then sent to
open cement warehouses with appropriate roofing. But the grains are sooner or
later exposed to the high ambient temperatures (>28 °C) and humidity (>80% R.H.)
and they in no time attain a, which promote both insect and fimgal growth. To
prevent deterioration in storage warehouse agents and private farmers carry out
regular prophylactic spraying with recommended insecticides apd fumigants.

Chemical control

The use of chemical sterilants for the control of post-harvest diseases of
insects and fungi is well known. For large scale fumigation, methyl bromide or
mixtures of ethylene dibromide and methyl bromide (1:3 at 32 g/mz’) has proved
to be effective against insects and fungi when applied under tropical conditions.
In non-airtight warehouses, fumigation sheets made of balloon film, Poly Vinyl
Chioride (PVC) coated aluminized fabric or high density polyethylene laminated
with nylon, are sufficient to retain these fumigants during exposure periods.
Phosphine generating fumigant products of Detia(R) X are also widely used in
Ghana. In order to control any infestation present either in the warehouse or
in the stacks of jute sacks, prophylactic spraying with Actellic 25 (1c1,
England) is recommended.

The use of methyl bromide, picrin, ethylene dibromide : methyl bromide (1:1)
besides ammonia and sulphur dioxide for control of grain fungi have been re-
ported (Majumder et al., 1955; Ragunathan et al., 1969; Tsuranta and Ishirava,
1966). As with insects, the susceptibility of resistance of fumgi to a fumigant
can be attributed to three main factors: the stage of the fungal life cycle, its
location in the grain and envirommental fumigation method. For example, Yanai et
al, {1964) showed that mycelia .of Penieillium felandicum was more susceptible
to ethylene oxide than the spore. Studies with several Aspergillus spp. showed
that spores are more susceptible than conidiophores to methyl bromide. In Aeper—
gtllue ochraceus, Sclerotia required 32 mg/l, double the amount required to
control conidia. On the other hand, Fhizcetonia sclani producing sclerotia could
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not be controlled with pentachloronitrobenzene (PNCB} (Sharia and Sinclair,
1965). Although ethylene dibromide and chloropicrin killed spores of dspergil-
Iue flavus Link and 4. niger LD95 at 1[).mg.1_1 in laboratory tests, the same
fumigant could not control all the fungi if it is present inside the grain
(Narasimhan and Rangaswamy, 1968}. Other attempts to use chemical preservation
for inhibiting fungal growth on stored grain has been reviewed by Majumder et
al. (1963). Non of the treatments were found to be completely successful in
preventing fungal growth in grains. Indeed, Odamtten (1982) showed that fumiga-
tion did not kill fingi when used a prophylactic spray in the warehouse.
Mycotoxins seem. unaffected by common chemical fumigants (Brekke et al., 1978)
or preservatives (Tuite, 1979) except for ammonia which is used to destroy af-
latoxin {Brekke et al., 1975; Anon, 1977). Fumigation also poses a health
hazard to workers in food processing factory through the formation of chloro-
hydrins (LD50 equal to 0.07 g/kg test animal body weight} a possible direct
toxin effect (Van Kooij, 1981).

In view of this toxic effect of fumigants, the Environmental Protection
Agency (EPA} of the USA has amnounced the cancellation and phase-out of all
major pesticide uses of ethylene dibromide (EDB). The use of EDB for quarantine
fumigation of fruits, vegetables, cereals, gtc. phased out on 1st September 1984
The EPA had earlier on ordered the immediate emergency suspension of EDB as soil
fumigant for agricultural crops on 30th September 1983 (Anon, 1983). This action
underscores the increasing cost of chemicals for third world countries and the
outcry against continuous use of chemical sterilants owing to their residue
problem. Public Health Authorities throughout the world have become stringent
in their regulations to curtail chemical burden in human food. The application
of ionization radiation as a process method offers a better altemnative to chemr
ical insecticide and fumigants because application of ionizing radiation leaves
no chemical! residue and no insect or fungus has been found to develop immmity
to radiation. Application of gamma irradiation in combination with mild heat
treatment to control growth and toxin production of A. flavus in maize forms
the basis of the investigations as outlined below. A suitable packaging material
for pre and post irradiation storage of grains was investigated.

Aim and sequence of the investigations

Insufficient work has been carried out to examine Ghanaian mouldy maize
for the presence of potential mycotoxin-producing fungal species although there
have been sporadic reports of acute feood poisoning (and sometimes death) arising
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from ingestion of maize contaminated by mixtures of growing fumgi. The situation
is such that any grain lots with an objectionable aesthetic look attributable
to fungal discolouration is inadvertently passed on for use as ingredient in
poultry and livestock feed. The detrimental consequence is that mycotoxin con-
tamination of meat, egg and milk at farmis immjnent after feeding animals with
contaminated rations. Transmission of aflatoxins and Ochratoxin A from contam-
inated rations have been demonstrated in dairy cattle, pigs and poulty (Elling
et al., 1875; Krogh, 1977; Rodricks and Stoloff, 1977). The water activity a,
and temperature conditions under which some toxigenic fumgi produce potent
mycotoxins (aflatoxins, Ochratoxin A, patulin, penicillic acid) have been ex-
haustively studied by Northolt (1979), in maize by Gough and Bateman, 1977;
Koehler, 1938; Lopez and Christensen, 1967; Ciegler and Kurtzman, 1970; Ciegler,
1972; Kurtzman and Ciegler, 1970). These conditions are akin to the environment-
al conditions that occur _in. our tropical region and is responsible for the
continuous survival of :Emgal‘ spores in food and the attendant losses in nutri-
tive and biochemical values of foods.

The objective: in Article 1 was to update the storage fimgi associated with
maize grains kept under ambient Ghanaian tropical conditions for six months and
to acquire information on the infection patterns of individual fungi. Once form-
ed the mycotoxin is imparted to the foodstuff and although the fimgus may not
be isolated after a certain length of time, the mycotcxin, being stable may pass
industrial processing of the produce without large reduction and enter into con-
sumer products. Secondly, the particular toxigemic fungi should be identified
if the extent of the problem is to be appreciated and effective control measure
is to be designed to prevent growth and toxin formation by combination treatment
of heat and gamma irradjation. Sufficient information on contaminating species
of fungi and their infection pattern within six months storage was acquired.
Toxin-producing species. Aspergiilue flavus Link (aflatoxin B.' and Bz), A. ochra-
ceue Withelm (Ochratoxin A and penicillic acid), Fusarium moniliforme Sheldon
(Moniliformin), Faecilomyces varicti, Penieilliuwm expansum (Patulin) and several
other Perieillium ep. were encountered. This information was used in the next
experiments.

A. flavus was chosen as the test organisms to ascertain the efficacy of the
conbination treatment of heat and gamms irradiation in preventing fungal growth
and mycotoxin formation for the following reasons: (i) aflatoxins frequently
occur in maize and other food grain products, cereal grains, whole wheat, rye
bread, cheese, meat, groundnut and nut products, fruit juice, copra and cotton
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seed and cocoa beans; (1i) its importance as the most potent and carcinogenic
mycotoxin of human and animal health importance and (iii} 4. flavus as the most
ubiquitous fumgus frequently encountered in stored food grain is alsc the most
radioresistant fimgal species. Previous studies by Odamtten (1979) with maize
and Amoake~Atta et al. (1981} on cocoa beans showed that a complete control of
A. flavus could not be obtained with a dose of 5.0 KGy of garma radiation be~
cause high environmental storage R.H. (>80%) increased the radioresistance of
the spores of 4. flavus by making more free water available to spores for re-
sumed growth after the radiation treatment. Therefore, any effective control
method for 4. flavus growth and of toxin formation could be extended to cater
for the other radiosensitive fungi infecting maize grains in storage.

In Article 2 a new apparatus is described which enables the application of
either dry heat (60 °C for 30 min) administered under low humidity (<45% R.H.)
conditions or moist heat umder high (>85% R.H.)} ambient conditions to spores of
fungi in a heat-treatment chamber prior to gamma irradiation. This combination
treatment gives a synergistic effect by allowing greater inactivation of spores
at a lower dose of: radiation, or heat applied alone. Results of this feasibil-
ity study was used in the subsequent investigation.

In Article 3, 'in vitro’ studies were carried out to investigate the fun-
gicidal and synergistic effect of the combination treatment of heat and irradi-
ation on the survival of wet and dry conidia of 4, flgvus Link NRRL 5906. Re-
sults presented indicate that inactivation of growth of 4. flavus spores by the
combination treatment is feasible.

Articles 4 and 5 demonstrate, in static liquid culture, maize meal broth
that both growth and aflatoxin B, and B, formation by 4. flavus can be attenua-
ted by combination treatment of moist heat (60 % for 30 min) applied under high
humidity (»85% R.H.) conditions in combination with 4.0 KGy of gamma irradiaticn.

Article 5 presents results illustrating the effect of inoculum size of 4.
flavue spores on aflatoxin production. Aflatoxin levels formed in cultures tend
to be inversely related to the inoculum size of 4. flavus used in inoculating
flasks. Results helped in. elucidating why some workers obtained enhanced afla-
toxin® formation via gamma irradiation. It also provided pertinent data on how
aflatoxin B, levels produced by 4. flavus in stored grains might be related to
the inoculum size with which grain is infected.

Some workers are skeptical about the reproducibility of 'in vitro' results
'in vivo' on the product itself, so far as mycotoxin production is concerned. -
Article 6 demonstrates positive prevention of aflatoxin B formation by A. flavus
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artificially inoculated onto the product maize and then subjected to the same
conbination treatment that attenuated the production of aflatoxin ]31 and B2 in
articles 4 and 5.

Apart from preventing recontamination of irradiated cereals (maize,
sorghum, millet, rice, etc.), a suitable packaging material should not harbour
and support ‘de nove' growth of fungal spores when the average tropical R.H
(>80%) is attained and thus act as a springboard for infecting enciosed food
grains. Owing to the robust handling of packed cereal grains e.g. maize in
transit and in the warehouse, it would be ideal to have a packaging material
with high tensile strength which would be able -to withstand such rough handlings
Investigations in Articles 7, 8 and 9 were designed to provide pertinent infor-
mation on the mycological, radiation respanse and physical parameters (tensile
strength) respectively that would assist in the selection of the most suitable
of two packaging material compared in these series of studies namely the in-
cumbent and conventional jute sack and the new introduction: synthetic woven
polypropylene sack.

In the last experimental sections of the thesis the questions of (i)
whether woven polypropylene sacks will also be suitable for storage of other
food products e.g. groundnut (4raehis hypogene L.) bambara beans (Veandseae
subterravea), sorghum (Sorghum vuigare}, ccwpéas (Vigna wnguiculata) Walp and
cocoa beans was investigated. These food products are presently stored in jute
sacks with attendant heavy (>30%) losses and are often kept in the same ware-
house. To prevent cross-infestation by insects and cross-contamination with
fungi, it would be ideal to use same packaging material for food products with
commen storage pests and microbial contaminants. If woven polypropylene is more
suitable than jute sack even with no irradiation, its protective properties
would be augmented by radiation treatment.

Finally, the effect of the combination treatment of heat and gamma jrradi-
ation on some physical and chemical properties of maize grains, i.e. sensory
evaluation and quality of product is examined.

Findings of Articles 1-9 in the thesis are discussed in the chapter cn
Discussion in the light of the results obtained and practical implications with
regard to safeguarding combined-treated cereal grains from re~contamination
during storage, by using the recommended storage sack is highlighted. It is con-
sidered that good management practices and clean warehouses would augment the
radiation process.
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1. A SURVEY OF THE MYCOFLORA OF MAIZE GRAINS STORED AT 26£3 °C AND 75:5% R.H.

Abstract

Twenty-six different fungi belonging to twelve genera were isolated and
identified on maize (Zea mays L.) stored for six months. Nineteen of these are
recorded for the first time on maize in Ghana. Members of the genera dspergil-
lus and Penierliium were most frequently encountered. Aspergillus flavus Link
and Arizopus oryzae Went and Prinsen - Geerlings were the most common species
isolated at each monthly sampling.

The storage fungl showed four distinct patterns of infection over the en-
tire period cof examination. The importance of some of the isvlated fungi as
potential mycotoxin - producing species is discussed.

Key words: survey, mycoflora, Zea mays L., maize.

1.1 Introduction

Maize, an important staple food crop in West Africa, is usually stored
over long periods for both human consumption, and as component feed for poultry
and livestock. Post-harvest storage losses of the maize grains within West
Africa due to insects attack and microbial spoilage is estimated at 30% (1, 40)
of annual harvest. The role of storage fungi in quality deterioration of grains
although well documented (4, 7, 18) in developed counttries, there is limited
information regarding these fingi on maize in West Africa and the role such
fungi play. The objectives of these investigations are to update the list of
storage fungi associated with maize grains and also to acquire information on
the infection pattern of these moulds as well as to determine if there are any
toxin-producing fungi on maize in Ghana.

1.2 Materials and methods

Maize (Zea mays L.) grains stored in jute bags under ambient laboratery
conditions (75¢5% R.H. and 26+3 °C) were sampled monthly for six months. At
each monthly sampling, 500 g of grains were taken from the top, middle and
bottom of the jute bag and pooled together. The mycoflora on the grains
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was assessed using the method of Tempe {37) and Limopard (19}, washing test
and sclid medium.

1.2.1 Blotter method

A modified method of Tempe (37) and Limonard (19) was employed. Ten
grains, surface-sterilized with 2% sodium hypochlorite for 15 min. .and ten
non-surface sterilized grains were placed on Whatman's filter paper in 9.0 am
Petri dishes. There were 50 replicates (500 grains) for each treatment and the
plates were incubated for up to 14 days (14) at 26=3 °c.

The following monthly quantitative assessments were made for blotter test:
a) the percentage of grains infected with fungi;

b) the percentage of grains infected with a particular fungus species;
c) the total number of fungal colonies appearing on the grains.

1.2.2 Washing method

The 2% sodium hypochlorite solution used for surface sterilization was
centrifuged at 2,500 g for 10 min. in an M.S.E. Super Minor Centrifuge. The
supernatant was discarded and the residue (with fuingal spores ) resuspended in
10 ml distilled for microscopic examination and identification using a Reichert
Nr. 4253 binocular microescope.

1.2.3 501id medium method

Ten surface-sterilized and ten non-sterilized grains were placed on
Sabouraud's Agar in 9.0 com Petri dishes without any further treatment. There
were 50 replicates (500 grains) for each treatment and the plates were incu-
bated at 26:3 °C until fungi grew.

' Sodium hypochlorite treatment was used with the aim of reducing or re-
moving completely external saprophytes which compete with pathogens.

1.2.4 Estimation of viable fungal colonies

Exactly 50 g of sample was weighed into 100 ml 0.1% Peptone in 250 ml
Erlenmeyer flasks and were shaken in a Gallenkamp Model Orbital Shaker (140
rev./min.) for 30 min. From this stock suspension serial dilution method was
employed and spores were raised on Sabouraud's Agar.
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1.2.5 Moister content determination

Moisture content of grains at each sampling was determined using the oven
dry method. Samples of the grains were ground in Waring Blender and 10 g por~
tions of their flour were dried in an oven for 24 h at 105 °C and then -cooled
in a desiccator and reweighed.

1.3 Results

There was a rapid increase in fungal colonmy counts in stored maize grains
with time whilst colonies on surface-sterilized grains showed suppressed
growth compared te the untreated grains; total fungal colony cn the surface-
sterilized grains remaining constant after the 4th month (Fig. 1). The kinds
of fimgi (humber of species) isolated showed an initial increase and continued
up to the 3rd month (24 different kinds) and thereafter declined (Fig. 1}.

The same trend was exhibited by fumgi appearing on surface-sterilized grains
which reached the same peak mumber of 24 different species on the 3rd month
(Fig. 1). The moulds which were recorded on untreated grains were the same .as
those which appeared on the surface-sterilized grains. The twenty-six different
fungi belonging to twelve genera isolated from maize grains in these investi-
gations are listed in Table 1. Seed-borme fungal species recorded for the first
time on maize in Ghana were Aspergillus candidus Link, A. flavue Link, 4. fumi-
gatus Fresenius, A. niger van Tiechem, A. ochracews Wilhelm, A. restictus G.
Smith, 4. temerii Blochwitz, A. ustus (Bainier)} Thom & Church, 4. wenti? Wehmer,
Cladosporiwn herbarum Link ex Fr., Neurospora sitophila Shear & Dodge, Pasetlo—
myces varicti? Bain, Penieillium digitatum Sacc, Penieillium expanswum Link ex
Fries, P. verrucosum VAT. cyclopium, Penicilliwm sp., Phoma glomerata, Rkizoc-
tonia sclani Kuhn, and Rhizopus oryzae Went and Prinsen~Geerlings. Members of
the genus Aspergillus were the most predominant followed by Penicillium. Asper-
gillue flavue infection counts werehighest at each monthly sampling (Figs. 2
and 3). :

Only nine different fungal spores were encountered in the washing test,
namely Aspergillus amstelodami Mangin T & C, A. flavus, A. jonue, A. ruber
Spieck & Bremer, A. sydowi (Bain & Sart) Thom & Church, Aspergilius sp., Fusa-
rium 8p., Neurcspora sitophila and FPhoma glomerata. Of these, only 4. flavus,
N. sitophila and P. glomerata appeared in the blotter test and solid medium
method and were thus viable spores. Moulds isclated by the sclid medium method
were same as those obtained by the blotter method.

Four distinct patterns of infection were exhibited by the storage fungl
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during the six months period (Fig. 2}. The percentage number of grains infect-
ed by 4. flavus, A. fumigatus and Rhizepus oryzae increase with storage time
whilst the percentage number of grains infected with Penieillfum digitatim and
A. wentii decrease within the same period (Fig. 2). In contrast with this,
there was zn initial increase in percentage of grains infected by Penicillzwm
expaneum . (Penicillium sp. 2), A. ochraceus and Cladosporium herbarwm up 10O
2-3 months followed by .a- sharp decline (Fig. 2). Finally, the percentage of
grains infected by 4. niger, A. tamarii and Rhisoctonia sclani remained fairly
constant, after. three months storage period up to the sixth month (Fig. 2).
Selected six fungal species that showed the first two pattems of infection il-
lustrated in Fig 2 is presented in Fig. 3. The fungi A. wentii, C. herbarum
and Fusarium moniliforme could not be isolated after four months from the non-
sterilized maize grains (Figs 2 and 3).

The fungus 4. flavws infected 90-100% cof the surface-sterilized grains
after three months while A. occhraceus and F. moniliforme were present in about
6% of the grains (Figs 2 and 3).

The moisture content of the maize grains varied from an initial 12.1% to
15.1% in six months (Table 2).

1.4 Discussion

Small amounts of fingal spores present on the surface of the grains or as
dormant mycelia under the pericarp grow fast under favourable conditions. The
number of fungi developing on surface-sterilized grains was reduced as compared
to the untreated grains (Fig. 1) because sodium hypochiorite treatment reduced
or removed completely external saprophytes which compete with the pathogens.
The moulds which grew on the untreated maize were the same as those obtained
on the pre-treated ones and were thus seed-borne. This observation confirms
that of Lichwardt and co-workers (17) for maize.

Danquah (9} isclated twenty-two different seed-bormme fungi on maize in
Ghana. In these investigations, nineteen new species have been identified as
seed-borme fungi on maize in Ghana (Table 1). This extends to forty-one, the
number of seed-borne fungi recorded on maize in Ghana. The fingi encowntered
in this paper belonged to twelve genera. The new geners added are Cladosporiwnm,
Neurospora, Fascilomycee and Rhizoetomia.

Broadbent and co-workers (2} provided an extemsive list of fungl associ-
ated with maize in Nigeria. Later, other workers (28, 29) added eleven differ-
ent fungi to this list. Koubasher et al. {22) isolated and identified thirty-
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