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ABSTRACT

Samples of ma.ze stored in silos and warehouses by the Ghana

Food Distribution (lo-operation were examined for fungal flora and

aflatoxin content. Among six main types of fungi found in the

sqmpl.és were Asperizillus flavus Links Aspergillus ochraceus and
Penicillium expsnsuy which are known to produce aflatoxinssochra=
toxin A and patulin respectivelye.

All the samples analysed showed
aflatoxin contaminations with 80% containing aflatoxin concentrations

sbove the FAD/WHO recommended meXimum permissidle limit of 30ug/kg.
All the maize ssmples however had moisture contents below 13.5%

suggesting that fuagal growth and aflatoxin contamimation occurred
before storage.



INTRODUCTION

The prevailing humidity end temperature in tropicel countries
often provide idesl conditions for rapid fungel growth., Several
thousand species of fungi exist in nature and are responsible for
the spoilage of a wice range of both raw and manufactured materiasls.
Growth mey occur on staple agricultural products both in the field
before harvest and during storage when basic principles of sound
storsge are neglected (Coker et aly 1984),

are associated witl cereml grains.

Two main types of fungi
These are field fungi which invade
the commodity before harvesty and storage fungi which attack after

harvests during drying and in storsge. These include mainly species

The inva~
sion of foods by these fungl results in the loss of viabilitys dete~

riorstion in quality and the production of mycotoxins,

of Aspergillusy Pesicilliums Fusariums Bhizopus and Mucor,

Several specics of Aspergilluss Penicillium and Fusarium are

known to produce mycotoxins such as aflatoxinssochratoxin As citrinins
zegralenonesy and the trichothecenes.

The ingestion of these mycotoxins
in particular aflatoxins has been linked to some diseases in animals

and Man and evidence exists which implies that mycotoxins may be res~

ponsible for a wid: renge of diseases including primery liver cancer in
men (WHO» 1970).

Aflatoxin contamination of foods and feeds has been detected in all
parts of the world and aflatoxins have been found in oilseedss crude
vegetable oilsy %4reenutsy fruits and cereal grains such as maizes sorg-
hums rices wheat: barley» millet and oats (Fa0 1979b),

Maize is a dietary staple for over 40% of the Ghanaian population
and provides betwcen 90 and 95% of the total calories in the diet of

people in the coastal areas of Ghana {National Food and Nutrition

Boards 1962). Howevers as high as 30% of the total annual crop harvest

of maize =nd other grains are lost after harvest (Adamss 1977). The
main responsible factor being poor storage facilities resulting in

infestation by insectss moulds and rodents. The Government of



Ghana has thersfore initiated a programme to invest in longterm
infrastricture to hold large stocks of grain to reduce post=harvest
losses a3 well es for price stabilization and food seocurily purposes.
This programme inveolvas the uilding of silos and warehouses for
storing food grains sich as maize, rice, sorghum and millets Conse-

quently, aluminium metel silos of 250 ton capacity have been erected
at various locations in the countxy.

Severel problens are known to be encountered with such aluminium
metal silos partiouleérly if they ere not well insulated. Apart from
the fact that these 1tructures must be constructed to prevent leasking
or diffusion of moisiure through the roofs, walls or floor, cavection
currents can produce pockets or layers of high molsture grain even in
properly dried grain put into storage. In & tropical country such as
Ghena, moisture migrotion may be a serious problem, Spoilage of grain
can’ also occur fraum the ocreation of temperature gradients caused by
metabolic activlitiss of insects within the bulk of the grain which may
give rise to candenmcation of molsture on the surface of the coller grains
(Joffe, 1958)s Locelized increases of molsture content may therefore

occur resulting in conditimns favourable for fungel growth and ultimate
production of mycotoxins,

Considering thz facts that apart from groundonuts, maize constitute
the highest poteniisal aflatoxin hazard, and also the positive association
of afletoxin ingesiion end liver cancer in Man in studies done in regions
of sub~sabazen Africa, (Peers and Linsell, 1973; Peersetal; 1976), there
is the need to estullish that stored maize which will eventually be
utilized as food by the Ghanaian populace is not cantaminated by aflatoxins.
The purpose o’ this study therefore was to isclate and identify the

fungel flora and dotermine the extent of aflatoxin contamination of maize
stored in silos avd warshouses in Ghana. '
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MATERTALS AND VETHODS

MaiZe Sample Colleciion

Samples were tsken from all storage sites which had maize in
store., These wexe iilos at Techimans Nkoranzas Mampong (Ashanti)
and Abofour and werchouses. at Wenchis Balduzzi and Abuskwa.
Seversl samples wer: drawn from each section of a silo such as the

peripheral middle sad central cores, These were pooled together

such that for eacl. silo there were three semples.

At the werehovsesy samples were tasken from the sides and tops
of stscks using sappling spears. Seversl samples were teken and
pooled to obtain a minimum of 500 gram sample for esch warehouse.

Extraction and Estimation Of Aflatoxins

The method of extraction was based on that of Romer (1975).
Ground samples were extracted with 250ml acetone: water (85:15v/v).
The extract was filtered through Whatman No, 1 filter paﬁer.
Clean-up of filirate was carried out using cupric carbonate and
ferric gel (170ml. sodium hydroxide + 30 mL ferric chloride). After

a second filtrations the first 250mL of filtrate were collected

and aflatoxins extracted into chloroform (2 x 10mL). The chloro-
form layer was :ua off into 100ml potassium hydroxide wash solution
in a separating funnel which was gently swirled for 15 seconds and

' the layers allow:d to Beparate. The chloroform layer was run

3 throuéh a bed of snhydrous sodium sulphate then evaporated to dryness

under a stream o nitrogen in a sample concentrator (Model S€ ~ 3 Philip
Harris Scientific Co. Ltd.s UK).

The residue was picked up in 200ul
chloroform.

Thin-Layer chromatography was carried out on silica gel 60
sluminium-backed TLC plates (Merck No. 5553 BDH Ltds Dorsets UK).
Bi-directional development first in diethyl ether to remove inter-
ferences followad by chloroform:acetone (9:1v/v) was carried out,
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Qantification was by visusl comparison of the intensity of
the fluorescence under ultreviclet light using a chromato-vue ultre
violet 1ight cabinet fitted with a UVL 56 Blakrey lamp (Ultra Vidlet
Products Ltd., Cambridge U.K.) of sample aliquots and aflatoxin
standards (Sigma Chemicel Co, Ltde, U.S.A. o Confirmation of identity
of aflatoxin was by apra.y-:lng with aguecus sulpmric acid (50:50 v/v)."

411 chemicals and reagents used were of the AnalaR grade (BDE Chemioala
Ltd. ? P001°. UK, ).

Microbidlogicel Anelyiis

Five hundred grans of grain of each sample were taken for deter-
mination of grain micioflora, using the solid medium methods Sub-samples
were taken from eacl sample of grein by the coning and guartering method,
Out of this sub-sampl.y, five hundred grains were taken and plated on
sclid agar plates, "n surface sterilized (Sodium hypochloridke solution).
The grains were placel on Malt agar containing 20% sodinm chloride in
9, Ocm, f?etri dishes without any further treatment, There were 50
replicates for each treatment and plates were incubated at 26 + 350
(embient temperature) until fungi grews Sodium prochlorii’e treatment
was used for surface sterilizatio with the aim of removing completely
extermal sagrophytes which compete with pathogens,

mﬁture determinaticng

Moisture conten’ of all samples was determined by the oven~drying
method (A,A.C.C. Method 44 = 15A).

RESULTS
Aflatoxin Contamination

A3l the malge tumples collected from the silos and warehouses
were positive for ailatoxins with a range of 19.Tug/kg to 355.3ug/ke.
They all contained «fiatoxins B, and 132 with the exception of those

1
from the middle cora of Techiman silo and the periphery of
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the Nkroranza silo which contained 18.5 and 50.2ug/kg of aflatoxin G1
respectively in addi‘ion to aflatoxin B,.

The mean aflatoxin content of samples of maize collected from
the three sections i.e peripherys middle core and central core of
each silo varied from 117.1 ug/kg in Nkoranza to 286.0 ug/kg in
Abofour and for samples from warehousess from 19.7 ug/kg in Abuskwa
Kifoom farm to 35%.° ug/kg in Abuskwa mixed farms (Tables 1 and 2).
The mesn aflatoxin vontent for semples from warehouses was 171.58%

147.88 ug/kg. A1l "he maize samples collected from silos had high

levels of aflatoxin:: (Teble 1). There was however a marked variation

in afletoxin conten: for samples obtained from warehouses (Tsble 2)

Fungel Contemination

Microbiologica: enalysis of semples from silos gave six wain

types of fungi on the grains {Teble 3). These were Aspergillus flavus

Links Aspergillus ochraceuss Aspergillus sp. 1s Aspergillus sp 2»
Penicillium expansui and Fusarium spp. Generally the percentages of

surface disinfestecd grains yielding fungi were low for all the samples.
Penicillium expansum and Aspergillus sy.

1 were the only fungi isolsted
from a meXirmum of %8 to 20 percent of the grains.

Samples from warehouses showed growth of five species of Aspergilluss
Penicillium and Fusarium.

These were Aspergillus flavus Links
Asperillus ochraceusy Aspergillus sp. 1 Aspergillus sp. 2 Aspergillus
nigers Penicillium expsnsum and Fusarium spp.

Two main fungi namely
Penicillium expensiay end Aspergillus sp. 1 were isolated from 10 to 20

percent of the greins and therefore found to be more dominant.

Moisture Determinetions

The moisture contents of semples tsken from various sections of
the silos i.e peripherys piddle core and central cores showed no

significant differences (Teble 1). The means of moisture contents

from the three sections of each silo ranged from 11.3 percent in
Techiwen to 13.0 percent in Abofour.



- For samples from the warehouses: the wolsture content ranged
from 12.% percent :in Wenchi Warehouse 1 to 13.5 percent in Balduzzi
warehouse. The me:n moisture content for warehouse samples was E
12.75 + 0.39.



TABL

B 1

AFLATOXIN AND MOISTURE CONTENTS OF MAIZE SAMPLES COLLECTED

FROM_GHANA FOOD DISTRIBUTION SIIOS

INDIVIDUAL AFLATOXIN CONTENTS (ug/kg) TOTAL AFLATOXIN MOISTURE
LOGEEON SRR SO KR Ve R i CONTENT (ug/kg) CONTENT (%)
1 2 1 2 .
Techiman Periphery 300.6 98.4 ND ND 369,0 10.8
Middle Core 61.4 ND 18.5 ND 79.9 11.0
Central Core 55.7 14,8 ND ND 70.5 11.6
Mean . = - - - 183.1- 11.3
Standard deviation - - - P 187.0 0.4
Nkoranza Perirhery 167.0 ND 50.2 ND 21742 42,5
Middle Core 71.6 ND ND ND 71.6, 12.6
Centrsl Core Sh b 8.0 ND ND 62.4 12.4
Mean - - - - 117.1 12.5
Standard deviation - - - - 86.7 0.1
Mampong wmaﬁWQa -—WOOO 12, ND ND AmN-h_v 12.2
KHQQHQ Core Wo.m m.o ND ND Wmom ‘—N.p_v
Centrasl Cors 290.7 28,8 ND ND 319.5, 12.3
H¥ean - - - - 72.8 12.3
Standsard deviation - - e - Fi 00 o1
Abofour Periphery 140.2 k6.1 ND ND 186.3 12.9
piddle Core 214,0 58.8 ND ND 272.8 13.0
Centrzl Core 300.6 98. ND ND 399.0 . 13,0
Vean - - o= - Nmmlo AW‘O
Standard deviation - - - w 107.C 0.1

ND =

None detected.



TABLE 2

AFLATOXIN AND MOISTURE CONTENTS OF MAIZE SAMPLES COLLECTED
FROM GHANA FOOD DISTRIBUTION W/ AREHOUSES

W AREHOUSE By B, G, G, CONTENT (ug/kg) MOISTURE CONTENT (%)
wenchi (1) 277.8 13.7 ND ND 291.5 12.4

wenchi (2) 75.0 xS ND ND 82.4 12.6

Balduzzi 222.7 Wmo# ND ND 259.1 13.5

Abugkwa (Ejura farme)| 21.5 ND ND ND 21.5 12.8

Abuskwa

(Kifoom farm) 13.2 6.5 ND ND 19.7 12.5

Abuskva

{wixed farms) 333.3 22.0 KD N 355, 5 1 ie7

ND

None detected,



TABLE IIT: PERCENTAGE RREQUENCY OF FUNGI ISOLATED FROM MATZEZ m.»zmbm.
COLLECTED FROM SILOS AND /ARE HOUSES IN GHANA

LOCATION ASPERGILIUS ASPERGILLUS m»mmm%mgm ASPERGILLUS ASPERGILLUS mgnﬁﬁz . FUSARUTM
FLAVUS LINK SP. 1 SP. 2 OCHRACEUS NIGER EXPANSUN SPP.
+Nkorenza ' 5.3 8.5 1.3 5.5 0.0 7.3 1.0
+Mampong 37 11.0 2.3 2.0 Q.0 8.5 3.0
+Abofour 8.0 12.0 240 2.0 0.0 9.0 2.0
+Techipan 4.0 9.0 2.0 2.0 0.0 . 11.0 . 0.0
“Wwenchi (1) 3.0 12.0 2.0 4,0 0.0 8.0 2.0
“Wenchi-(2) 740 17.0 2.0 7.0 0.0 " 1040 2.0
“Balduzzi L0 , 20.0 1.0 0.0 - 0.0 11.0° 3.0
“sbuskwa (Ejura farms) 5.0 16.0 2.0 0.0 ....o.o ko0 2.0
Tabvaimen (T Moo f : oA &.n 1.0 8.n . u: 14.0 C0,0-
11.0 4,0 0.0 0.0 . 18,0 6.0

" Abuekwa (Mixed ferms) 4,0

. 4% Silo Bites

= Ware houses ; :



DISCUSSION

In this studys microbiological examination of maize samples revesled

the presence of various storage fungi namely Aspergillus flavus Links
Aspergillus ochraceusy Penicillium expansum es well as a field fungi

(Fusarium spp.), It is known that prevention of damege by fungi is an
important element in the safe storage of any commodity. Damage by fungi
may render food ineciible and hence cause a totai losss or down=grading
of produce quality with a consequent loss in value and may give rise to

toxic substences {(nycotoxins) which can affect both humens and domestic
. animals.

Aspergillus flsvus is known to produce aflatoxinss A_g'gerE. illus
ochraceus produces nchratoxin A. Penicillium expansum produces patulin

whilst some Fusarium species such as F., graminearum and F. roseum are

responsible for the production of another mycotoxins zearslenone.in
additions various other species of Aspergillus are also known to pro-
duce other mycotoxin: such as sterigmatocystins maltoryzine and cyto=-
chalasin E (FADs 196)b; Coker et al. 1984)., 1In this study howevers

samples were analyrel for only aflatoxins and the results showed that

all the samples were contaminated with aflatoxins. Only two samples

namely those from b iskwa Ejura farms and Abuakwé Kifoom farms had levels
below the FAO/WHO 1esommended maximum permissible level of 30ug/kg (FAO»
1979a). Aflatoxingm are known to cause several toxic effects such as

liver and kfidney csr:inomas bileduct proliferation and fatty infiltration

of liver of animalse In hugans: epldemiological data available does

suggest a significant association between aflatoxin intake and liver

cancer incidence in Man (WHO» 1979). Aflatoxin contamination of maize

stored in silos and warehouses in the country should therefore be a
matter for concern :a view of the fact that maize is a dietary staple
for over 40% of the jhenaien population and provides between 90 and 95%
of the total calories in the diet of people in the coastal arees of
Ghena {(National Foo3 and Nutrition Boards 1962). It is of utmost

importence therefors that meﬁsuras are taken to prevent contamination
of malze by aflatoxing.
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Drying is an essentigl step in the preservation of greins agsinst

fungal attack. Al harvests ceresl grsins often contain too much mois-

ture for safe storeze it is known that in places where harvesting is
done in very humic veather such as pertaine in Ghanas the problem of
mycotoxin contaminstion may resch alarming proportions. Maize stored
by the Ghana Food Distribution Co-operation in silos and warehouses is
purchesed from farmers at various purchasing points. The moisture
content of maize ncmmally bought ranges from 13% to 24%. Soon after

harvests the moisture content of msize purchased is between 18 and 24%
but getting to the

maize of about 13¢

implying that they Rave used their own methods to dry the maize down
to this moisture level,

and of the purchesing season such as in Februarys

moisture content can be obtsined from the farmers

It may be noted that harvesting of maize in

the country coincid2s with the rainy sesson., The tempersture and

relative humidity daring this period make it difficult for rapid sun-
drying of maize to “'safe" moisture levels. Mould growth and mycotoxin

contarination oan ozcur even before maize is purchased by the co-opere—

tion. Once purchas»d by the co-operations meize is cleened and dried

down to & moisture sontent of 12% in Kongskilde batch dryers (Kongskilde
Drying Units) or in Alvan Blanche continous. flow dryers after which

grains are sprayet to prevent infestetion by insectss then stored in

storage bins. Duriag storsges there is reguler wonitoring of moisture

contents tepperatusres and relative humidities both inside and outside

the bins. In additions measures are tgken to maintain the moisture

content and temperstures of stored maize at required levels to avoid

mbuld growth, Thes: measures include seration and turning over from

one bin to the othar, WMamize is later bagged snd the bags stitched and -

transported to wareshouses for storage and subsequently to Sales Depots,

To ensure safe storages the maXimum moisture content (wet basis)

for weize is 13.5% (FAD 1979a). An abnormal moisture content may

occur if the grain has been excessively dried or if it has been exposed

to rain and condensation. A high woisture content is known to encourage
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infestation by micro-organisms especially if grain is kept under

poorly ventilated conditions. In this works ell the samples analysed

had moisture contents within the limits required for safe storage
of maize. This implies that mould growth and aflatoxin production

probably occured even before maize was put into storage by the
co-operation.

From the foregoings it cem be sald that the Ghana Food Distribu-—
tion Co~operation hus the facilities to ensure the proper storage of
maize to prevent fungal growth snd subsequent aflatoxin/mycotoxin
" production after the commodity has been purchased from the farmer,

Wwhat rewains to be done howevery is to assess the initial quality

of grain bought from the farmers. This is a very important factor

since the tendency for grain to deteriorate in storage is affected
by the soundness of the grain initially put in store, Currently,

the co~cperation ham little control over the quality of maize bought

from the farmers. Iixcept for obviously dameged greins which are

sometimes rejected fhz bulk of the maize bought is of varied quality
with verying degrees of molsture levels depending on the:time after
harvest., There is tharefore the need for an official legislation

and grein specifications for maize and other grains in the country.

CONCIUSION

Furgel and aflatoxin contarination of maize cen occur before
harvests at harvest: during drying, storsge or even!during the tren-
sportation periods. [his work has revealed the fact that maize in
storage st the silos ond warehouses of the Ghana Food Distribution
Co-operation during the period of this work was contsminated with

aflatoxins in additica to fungi known to be responsible for the

production of aflatoxins and other mycotoxins. This work does not

however give any conclusive idicstion regarding the point/s of
contamination.
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RRECOMMENDATICNS

The presence of other fungi such as Appergijlus bohreceus and
Peniocillium gxpensum suggests that other myocotoxina such as

ochretoxin A and patulin may have beemn present in the maize samples.
Farther work 1s therefore recquired to determine thelr presence,

Simple qualiitative or semi~quantitative screening tests for
aflatoxins should be used to ensure that maize is not conteminated

-before it iz purchased from the farmers, To this effect,tests such

as the "BGYE" (Blue-green-yellow flourescence) presumptive method or

or the Holnday-Velasco semi~quantitative mini-odlumn method may be
used,

Regular chocks for fungal and aflatoxin contamination should bg/out
especially st the filling, emptying, turming over and bagging stages.

Bagged malz: stored in the warshouses should also be subjected to
similar chscks,e

Further rescarch work needs to be carried out to identify the

cantaminatin points for fungal growth and aflatoxin produotion in
the distribvtion chain of maize in the country.
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