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SUMMARY
The influence of three benzonic acid derivatives - sodium
benzoate, O-hydroxybenzoic acid ami p-aminoathyl benzoate on

the growth and aflatoxins production by A. flavus was investi-

gated on mashed fruits of Carica papaya (pawpaw) with an
initial pH of 5.3 as the sole growth substrate.
These salts were inhibitory to both growth and aflatoxins
production, with variation in the effective concentrations.
At complete inhibition, the percentage contents of the salts
stood at 0.33 for sodium benzoate, 0.17 for O-hydroxybanzoic
acid and 0*10 for p-aminoethyl benzoate. Investigations on
the safety of these complete inhibitory levels were carried
out on day old Babcock cockerels by crop intubulation with
diets containing a total of 600mg sodium benzoate, 300 mg
O-hydroxybenzoic acid and 180mg p-aminoethyl benzoate for a
period of ten days. The histopathologlcal results revealed
normal liver with no toxic effects. Lesions were observed
in chicks fed on diet inoculated without any salts incorporated.
The influence of woodsmoke on growth and aflatoxins
production by A. flavus was investigated on smoked and unsmoked

fish (Tilapia spp). There was more growth and toxins production



on the unsnoked fish, inhibitory action of the woodsnoke
was increased with increase in the tine of snoking and this
i nfl uence of the woodsnoke was nore narked on toxins production

than on nycelial growh.



INTRODUCTION

Fungi are ubiquitous in thelr distribution and there has
long been the awareness of their contamination on feeds and
foodstuffr, The association of fungl with toxic metabolic
products has been known for centurles. The effeet of ergot,

a toxic secondary metabolite of Llavicep purpurea was known

a thousand years ago as 5t. anthony's Fire when thousands of
people died of ergotism (Berger, 1931). The swarsness increased
aver the years but it was not until early 1960 that the possible
toxic effect of other moulds was appreciated, due to an cut=
break of "Turkesy X" disesse. Thousands of Turkey poults in

the united Kingdom died after feeding on mould contaminated
Brazillian groundnut as feed supplements A pure culture of

Aspergillus flavus was isolated end the disease was linked to

the toxic metabnlites of this fungus which showed to be toxic
to a number of domestic animals (asplin,1961). Subssguently
the name naflatoxin® was adapted to refer to toxic metabolites

of Aspergillus species.

In the past decade a lot of research has been done and

reported on aflatoxins. The report of the Joint Food and



noricultural Droanisation (FAD), torld Health prganisation

(WHD) and United nations Environment Programme (UNER) conference
on mycotoxins shows that aflatoxins are universally distributed
in the envirommant and aflatoxin contamination in foods and
feeds has been detected in all parts of the worlds Aflatoxin
has heen extractad from a wide variety of foods ranging from
plant products like fruits to animsl products llke meat and
Fish,

Aflatoxicosis (Disecase caused by ingestion of aflatoxinsg)
has been reported in animals,plants and even possibly man
(3elchetz and Cohen, 1876), Since the awareness of the toxicity
of aflatoxin, much attention has been given to prevention of
aflatoxin contamination. This sssentially is a problem of
Asperailll which entails elther drying the growth substrate
to lavels of molisture that would prevent fungal colonization
or direct application of chemicals that would inhlblt growth
of the funqus provided sush chemicals dg not lower or
alter the quality of the subtrate nor produce any toxic or
side effects. Both methods have been employed in the forms
of smoking and chemlical incorporation inte foods respectively,

gsmoking has been used traditionully in the past, without

the awareness of its chemical effect. In this country there



is the traditional practice of smoking "bush mgat® (maeat from
wild animals) and fish for the purpose of preservation, This
is 2 foasible method for cheap effective control of aflatoxin
contamination particularly in the developing worlde.

Benzoic ncid has been kpown to occur naturally in some
foodse. It is an accepted preservative in certain foods
(Jay 1978). However publications on use of benzolc scid deriva-
tives to inhibit growth and aflatoxin preduction of toxigenic

strain of Aspergillus flavus is limited.

The objectives of this study therefors are:
(1) To investigate the influence of Renzoic acid
derivotives on aflatoxin production hy a toxigenic strain of

aspergillus flavus on paw paw frults (Carica papaya)e

(2) To investigate the safety of the complete inhibitory
levels of these salts on this substrate by use of dEQ-uld

chicks.

(3) To 1lnvestigate the iInfluence of hard woond smoke on
growth and aflatoxin production by the same fungus on fish

(Tilapia spp)e.



The molscular formule of eflatoxin 8, was sstablished as C17H420¢
and of aflatoxin 51 as C17H1207; aflatoxins 82 and Gz were found
to be the dihydro derivatives of the parent compounds, B17H1bﬂﬁ
and C4q9H4409 (Hartley et al., 1963).

Structures of aflatoxins B4 and G1 proposed based on inter-
pretation of spectral data (Asao et al., 1963; Asao et ale, 1965).
Chang et ale (1963) proposed the structure of aflatoxin 8, and
Gy gshortly after. The proposed structure for Gy has been
supported by X = ray chrystallography Chaung and Sim, 1964).

The aflatoxins are high substituted coumarins and the
presence of the furocoumarin configuration places them among
a large group of naturally occuring compounds with many pharma-
cological activities (5oine, 1964). The bifuran structure,
however has previously been encountered in sterigmatocystin
a metabolite of A. versicolor (Sullock et al., 1962).

Complete catalytic hydrogenation of aflatoxin B84 has
been shown to require 3 moles of hydrogen with the production
of the tetrahydroxy derivative (Asao et al., 1963)e If there
is any interruption of the hydrogenation process after the up-
take of 1 mole of hydrogen, aflatoxin By is produced in guantity.
(Chang E.E.E.J;" 1963)e Andrellos and Reld (1964) reported that
aflatoxin B4 reacts additively with a hydroxyl group to form
the hemiacetal, the reaction being catalysed by a strong acide

with formic acid - thionyl chloride, acetic




acld - thionyl chloride or triflucacetic acid additioﬁ

products of greatly altered chromatographic properties gaypg

formed.

Factors nffect&gg aAflatoxin Production

Temperature

Aflaotoxins production is affected by temperature., Uuest
EE.EEP (1973) observed that increasing the initial temperature

for Re parasiticus from 15 to 2108 after 24 hours of inoubstion

and then to 28°c after 48 hours resulted in a four fold
increase in total aflatoxin, over the ususl fermentation which
is held constant at 28°C for six dayse Increass in aflatoxin
8, was also observeds Diener and Davies (1366) houwcver, shoued
that highest levels of aflatoxip ars produced between 25 « 30%;
with a decrease at 35°C and slight to trace amount at 50°C.
ﬁ.flavus produces aflatoxin over a temperature range from

12 - 419 with optimum production at BUDE, the limits depending
on the substrate and specific experimental conditions (Davies
and Diener, 1968). {nder laboratory conditions at 25 - 30%

aflatoxins hove developed within 48 hours on moistened ground=



nuts, rice and cottonseed whereas a minimum of & %o 5 deye on

wheat bas been reportede

Modified Atmosphere

Growth of storage fungil such as paspergilli in natural
substrates is dependent not only on availability of moisture
and favourable temperature but also on atmospheric conditions
surrounding the substratees Replacement of air by various
mixtures of oxygen, carbon dioxide or oxygen and nitrogen
gases has been shown to influence toxin production by fe

parasiticus. Shih and Marth (1973) reported that formetion

of toxin is suppressed in the presence of these gases. Complete
inhibition was observed at atmospheres of 100% carbon dioxide

or 100% nitrogen gase Wilson and Jay (1975) observed that corn
stored in modified atmospheres did not accumulate over 15 ng

of aflatoxin B, Per kg and 20 ng of total aflatoxins per kg

corn in the presence of high Co, (61.7% COp Be7% 02 and

29.6% Nz) went mouldy at four weeks. with high Nitrogen (99.7%

N, and 0s3% 02) and controlled atmosphera (13.5% Copy De5% DZ’

2
BL 4 8% Nz) treatments, there was no toxin production but on
removal from these modified atmosphere the corn deteriorated

rapidly and was soon contaminated with aflatoxinse.




The influence of pH on aflatoxin production has been
investigated. Dovies Eﬁ.ﬂl’ (1966) have shown that initial
pH has 1it4tle or no effect on aflatoxin yiegld from yeast
gextract sucrose mediums Buchanan and Ayres (1976) observed
that maximal growth, aflatoxin production and afletoxin per
unit of growth occured at imitial pH ievels of 5.0, 6.0 and
7.0 respectively., They also observed thot initiael pH levels
less than pH 6.0 favoured production of the 35 toxins whereas
levels greater than pH 6.0 favoured production of the G toxins.
Reddy Eﬁ 8le (1371) reported that pH 4.5 produced optimol
aflatoxin accumulation in 3L medium, Lie and Marth (1968)
reported that when 3 casely substrate was uséd,’ maximum
aflatoxin production occured at both scidic and alkallne pH
extremess The influence of pH on aflatoxin production appears
to be dependent on the mode of culture and composition of the

medium,

Media

Various raw-.and processed foods hava bsen shown to produce

aflatoxins when inoculated with toxigenic strains of aspergillus.

A potent A. flavus isclate was reporied to he a consistent




producer of aflatoxins on all natural substrates whish supported
the growth of the mould (mildman'gilgi., 1967)e Thase stube
strates ranged from sclid foods to commercially prepared fruit
Juices, peanutsy, bread, cocoa, beans, potatoes, cheese, bheef
and grape Jjulce, orange julce, pineapple juice, tomato juice
and cranberry drink respectlively. Bassir and aAdekunls (1972)
reported the prbduction of af{atuxin 84 in many Nigerian Pruits;
pawpaw, citrus frults, bandna, plarmtain onion, tomato, okrn

and mango and they reported highest yield of toxin on the
pawpaw. 0DOsiyemi and adskunle (1973) recovered aflatoxin E],i
from a culture of A. flavus grown on sterile pulp of Carica
papaya var. Weat Indian, Effect of gamma irradlation on
aflatoxin production by A. flavus was investigated on many
Nigerian foods (Dghadu, 1979). aAmong these foods was fruit

mash of Carlca papayae. Codner st al. (1963} reported high

yield of aflatoxin on stsrilized peanuts with p. parasiticus.

pthers include rice smrghum, corn, soybean, wheat rye, oots
(Hesaeltine_EE E&" 1966), Toxin yield varied among the
different substrates (mildman‘gz E&., 1967 3 Hesseltine EE.El
1866 and Bassir and Adekunle, 1972). Suspension of ground
amoked fish in water has alan supported the myn~YAin) prowth

of, and aflaetoxin production by Aspergillus flavus (Oghadu, 1977)

This yield was observed to decrease or vary with different

doasges of gamms irradiation.
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Moisture

Laboratory studies show that a moisture content in
equilibrium with relative humidity of about 85 4§ %
iz the lower limit for growth of Ao EEEEEE and production
of aflatoxin om natural substrotes. This corrvesponds to a
moisture content of 18 to 18.5% in wheat, corn and sorghum
graina: 16.5% in paddy rice and 17.5% in polished rice; 17 ~
18% in soybsans and 9 - 10% in pesnuts, Brazil nuts, Dthér
nuts and copra (Joint FAQ/WHD/UNER, 1977). Calderwood and
ghroeder (1968) reported that 305 - 750 pg/ky of aflatoxins
werc produced in polished rice with 2 moisture content of
24 - 26 % . in seven to twenty one dayse. At a molsturs
content of 19 - 20 percent at 2508, van warmelo gt ale (1968)
observed maximum aflatoxin production within two to three weeks
in corn maturally infested with toxigenic strains of f. flovuse
At o moisture content between 15 and 30% at BZPCpdeuctinn of
aflatoxin wos obsszrved in two days while at a moisture content
between 20 and 31% =t Zﬂnc_praductinn of the toxin was observed

in four deys in freshly dug peanuts (Dickens and paties 1966).
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Carbon and Nitrqun Sources

The effects of both carhbon sind nitrogen sourcos on
aflatoxins production have been studiade Vigsser (1967)
observed that carbohydrates were generolly better carbon
sources than amino acids for Re flavuse He also reported
that a high C: N ratio was a prerequisite in a substrote for
good growth of the funguse. Bassir and pAdekunle (1972) reported
high C: N ratio for pawpaw as 2.09.

Adye and Mateles (1964) found that the best carbon sources
were glucose, sucrose and fructose whereas little or no aflatoxe-
ins was produced with lactose, maltose, sorbose acetate succinate
and malate, Bassir and Adekunle (1972) reported Fructoso,
Glucose and Sucrose content of pawpaw to be as high as 27.04 x
107, 24481 x 10"°, 2.95 x 10" male/100 mg respectively while
maltose and lactose were found absent. Mateles and rdye (1965}
reported thet casamino acids are the preferred nitrogen sourcee.
Ammonium sulphate and potassium nitrate are good incroanic
nitrogen sources for aflatoxin production (Eldridge, 19653

Schroeder, 19663 Davies gt al.,1967).
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Biosynthesis of Aflatoxin

aflatoxins which are a group of closely reluted compounds
are produced as a result of secondary metabollsm of certaln

gpecies of Aspergilluse Sevaral biogenetic pathways have bsan

suggested (Moody, 19643 Holker and Underwood, 19643 and Heathcote
gt al., 1975) and there is abundant experimental evidence which
support some of these schemes. GSome of these have revealed

that the entire carbon skeletan of aflatoxin 34 molecule is
derived from acetate (Biullaz‘gz El" 1970y, Thay investigated

1&8 = labslled aflatoxin synthaslzed

the label distribution of

from (4 - 1“8) and (2 - 1“8) acetate while Hsieh and fateles

(1971) provided evidence for the polyketide hypothesis:
acetate—anthraguinone -+ xanthones »coumaring,

Experiments with mutants of A. parasiticus impaired in

aflatoxins biosynthesis have led to ths finding that anthrae
guinones like averufin, norsslorinic acld and versicolorin p
are accumulated in place of aflatoxims (Lee et al., 1971).
This suggests that these compounds are likely to be inter=
mediates in aflatoxin biosynthesis.

Gupta gt ale. (1975) reported the involvement of (1 - 1&3)
acetate and (2 - th) malonate in the bilosynthesis of aflatoxln

by resting mycelia of A+ parasiticus. More of the malonnte (Le3%)

than acetate (1.6%) entering the mycelia of the funpgus was incorporat
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into aflatoxinge. Their result suggested that malonato is
an intermediate in aflatoxin biosynthesis and that it can
be incorporated without being converted to acetate.

AN orange compound has been observed by various workers
in the process of aflatoxin synthesis and was identified as
versiconal acetate (vyao and Hsieh, 1974; Uraih EE ale, 1977) .
They reported that dichlorvos (dimethyl - 2, 2 dichlorovinyl
phosphate) an organophosphate inhibits a2 step which lies bayond
averufin but before sterigmatocystin (a xanthone) at the
formation of versiconal acetate. Sterigmatocystin can also
be converted to aflatoxin 8, as well as averufin (Lin gt al.,
1973).

with the knowledge of these anthraquinones being possibly
biogenetic precursors of aflatoxins 31. Singh and Hsish (1977)
attempted to show the sequence and the interrelationship
between them in the biosysthetic pathway of aflatoxinse They
observed that vesicolorin A producing mutant incorporated
acetate, averufin and versiconal acetate into versicolorin A

but in the presence of dichlorvos the major product being

versiconal acetate indicating that dichlorvos inhibits conversion

of versiconal acetate to versicolorine Conversion of versiecolorin

A and sterigmatocystin
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to aflatoxin is unaffected by dichlorvos sonfirming tha® point
of action of dichlorvos must be before formation of vorsle

colorin Ae

: Polyacetate
Malonlyl coE A oo ¢an unstable compound)
2

+

acetyl coE A

versiconal Averufin
Acetate - (B20H1507)

(EpgHq609)

Dichlgqrvos

WAL

versicolorin A Aflatoxin B,

= (CanHo0,)



pNatural Occurence of Aflatoxing

The ubiguitous nature of the aspergllli expleing the
wide occurence of aflatoxins on almost all types of foodstuffs
(Joint FAQ/WHD/UNER, 1977).

§lount (1961) discovered the presence of these toxins in
a Arazillian groundnut meal supplement as exotoxins of a funguse
Ae flavus. Subsequently Sargesnt et al. (1961) identified the
toxin as a by-product of A flavus metabolism in grains pgathered
from India snd many parts of Africa. |

Ever since, several foodstuffs have been screaned for
possible contamination by thess toxins, Allcroft et al. (1963)
observed toxicity in maize meal, Presence of aflatoxins has
also been reported in cottonseed cake by Loosemore Bt EI.I.I._.'.
(1964}, Bassir (1969) reportad among other toxins, toxie
conjugated fatty acids produced in palm juice by aflatoxin
producing Ae figggg. Hurata'gz ale (1968) iscolated culiures
of Ae flavus and subsequently aflatoxins from soybeans, red
hean and kidney bean flour in Japan. 1In Uganda, Alpert EE g&
(1971) isolated aflatoxins from beans. Flannigan and Hul
(1976) reported pressnce of aflatoxing in ginger,_aamaica red
and whits peppers while tree nuts 1ike pecans (Lillard.gi.gi,,

(1970) and pistachio (panlezl st al., (1976) were reporied to
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contain aflatoxins. Reports from sputh-east asis indicate
the occurence of aflatoxin contamination in some fish products.
" An average concentration of 166 mg/kge of total aflatoxins
in 5% of 139 samples of dried fish and shrimps was reportad

in a survey of Thalland foods (Joim FAD/WHO/UNER, 1977).
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pssay of Aflatoxings

The importence of aflatoxine in mycotoxicological
research has led to having various methods for detecting
and cstimating the aflatoxins. These are assayed in tuwo

main wayes Physicochemical methods and 8iclogical assay.

physicochemical Methods

Isolation of the aflatoxins from toxic meals was grestly
facilitated by the discovery that thay fluoresce intenaely
under ultraviolet light. This characteristic of the aflatoxins
has expused 2 convenient means for monitcring of loolation
and purification precedures. Allcroft et al. (1961) and
gargeant et al. (19612) demonstrated that the aflatoxins wers
extractable with methancl. A variety of extraction precedurss
hava since been developed for use with various natural products
or mould culturcs on natural subatrates particularly in
connection with chemical assays of agricultural commodities
for aflatoxin contamination. These include ths zgquacus methanol
methoed (Cempbell EE Ei*’ 1964) the aqueous acetone method (Pons
and Gnldblatt? 1964) and the hexane~acatone-wator ozeotrope
(Goldblatt, 1965). These golvents are said to be efficient in
extracting the compounds when the toxing sre present in small

concentration.
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Aflatoxins are assayed visually by making a comparison
of flucrescence intensitics of standard samples with unknown
extracts that aore chromatographed under identical conditions
(Nesheim, 1964; Rodricks and Stoloff, 1970). A modification
of this method is by dilution of the extract to extinction
until there is no more fluorescence such that when run on
kieselgel G - plates the smallest concentrotion giving observe
able fluorescence is 0.0003 ng and 0.,0004 ng for 81 and G1
rospectively (Carnaghan gt al., 1963). Pons (1976) has
effectively adapted a method that utilises high pressure
liquid chromatography for aflaotoxins determination in most
foodstuffse

The ultraviolet spectrophotometric capability of the
eluents of the aflatoxins separated on TLC plates have been
utiliscd to provide 2 method for determining the concentration
of aflatoxins (Nabney and Nesbitt, 1965). The aflatoxins absorb
ultraviclet light maximally at 365 nme This spectrophotometric
mathod has been cmployed by various workers (Stoloff et ale., 1971).

By use of fluorodenzitometor it was obscrved that fluore-
scent peaks of both an unknown extract and o standard can be

compared (Pons and Goldblatt 1964; Ayres and Sinnhuber, 1966).
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This mothod tends te climinate inaccuraci€s arising from the
visual methods Tho omilted fluoresgence s measurcd by peak
areas hus been reported to be linearly related to aflatoxin
concentration over a range of at least 2 x 1™ 40 105 x 107"
Mg per spot of the four main aflatoxine. (Pons EE.E&” 18966) «
A modification of this method has been reported by Bockwith
and Stoloff (1968). Using their modified method they obscrved
averagely 101 + 3 Y4 and 89 + 8 % recovery of

aflatoxins 81 and 32 respectivaly.

Fluprotoxin meter

The development of Velasco Fluorotoxin meter (F.#8) by
a Research Chemist James vyelasco at the U. 5. Department of
agriculturnl Research Service has provided o roapid, accurate
and an alternative means of determining the concentration of
aflotoxins in parts per tillion in o matter of 10 minutes as
opposed to the cumbersome chromatagraphic methods that depend
on comparative visual colour oreas., The fluprotoxin meter

glves an instant recordzble numerical values,
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Principlez of Operation

The system makes use of a glasg microcolumn which is
packed with florisil, sand. s!lico gel and alumina. The
detection of aflatoxin is made by trapping it aon this special
florisil layer ( pg- &4€). The optical system is comprised
of on ultraviolst light source - F4TL/8L fluorescent lemp,
various filters and two photodetectors. The ultraviplszt
lamp with an energy output in the visible range is placed in
a light tight enclosure with a special filter (F1) on one
side so that the ultraviolet output passes through the filter
before striklng the glass microcolumn. This filter gllows
only energy hetween 310 and 410 nanometers to pass through
and the energy from this particular ultraviclet lamp is
- concegntrated primarily at 365 and 405 nanometers. The enargy
at 365 (A) which is the desirshle gnergy is unaffected by the
F1 filter while that at 405 nanometers is severely attenuated.
It is this unaffected energy -~ 365 nanometers that excites
the florisil layer in the microcolumn. (Onece excited ot 365
nmanometers the florisil fluoresceg at a szcond, longer
wauelangth,;\z. This wavelength can be either 430 or 460 depoend-
ing on the particular aflatoxin fraction being measureds

The energy output atl%z Is propertional to both the orlginel
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excitation energy at 11 and the concentration in parts per
billion of aflatoxin trapped by the florisil layer, Thus by
huldiné the excitation energy constant, the energy output
at,iz becomes a direct measure of the aflatoxin concentraticon
in parts per billion. However slnce the fluorescence of the
florisil layer 1s not completely umniform around the perimeter
of the microcolumn, two photodetectors are used to intercept
the A, radiation from both sides of the microcolumne Thus
two photodeteciors provide 8 more accurate detarmination of
florisil activity and, hence of aflatoxin concentration

(Instruction manual, velsaco fluorotoxin meter tm, 1974)."

Biological Assay

The presence of aflatoxins is meinly deteo$sble by the
characteristic lesion it causes on fﬁe aégans of the test
animals, when fed on the toxin extract. Ducklings have heen
shown to be very sensitive to aflatoxins (Sargeant et al.,1961;
Armbrecht and Fitzhugh, 1964)., B8lle duct proliferation is
the characteristic lession inducsed in day old ducklings.

Wwith the chick embryo, Platt st al. (1962) reported LOg,
values of 0,048 ng per egg (when administered uia tha ﬁnlk)

and 0.025 ng per egg (when administered via the air space)e



before incubation. Wwhen administered via the chorion allantoic
sac, the LDgg for ten day old chick was observed to be 1.0
and 2.5 ug per egge.

The toxic effects of aflatoxins 51 have also been
investigated in several in vitro cell culturs systcms. Timsue
cultures from the calf kidney has been affected by aflatoxins
(Juhasz and Greczi, 1964). Aflatoxins concentrations of 1 to
5ug per ml of medium have destroyed human liver cells and
Hela cells (geblicks Eflﬂi" 1965). Legator and withrow, (1964)
have shown that very small concentrations of aflatoxins 84
inhibit the mitotic process in human embryonic lung cells,

The studies of Burmerster and Hesseltineg, (1966), Uwaifo
(1971) have demonstrated that aflatoxins can be determined by

microbiological methods. Bacillus megaterium was inhibited

by 1 ug of aflatoxin 8, seven hours after incubation with
well defined zones of inhibition aftar 18 hours of incubation

(Clements, 1968).

Metabolism

The awareness of the toxicity and carcinogenic effects of
aflatoxins has aroused the interest of various workers in the

area of the metobolism of these toxins. Allcroft and Carnaghan
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(1963b) 1solated toxic metabclites from the milk of cattle fed
rations containing high levels of aflatoxins. This finding |
heightened further interest in the metabolism of aflatoxins,
This 1solate when fed to Ducklinga was toxic to them and
caused eimilar lesions to those of aflatoxin B, (be Iongh

gt g}e, 1964; Purchase, 1972). These metabolites wers named

aflatoxins M, and Mz (Allcroft EEE.];". 1966b)e The structures

1
of aflatoxins M, and M, have been reported (Holzapfel et al.,
1966). They are 4=hydraxy forms of aflatoxins 8, and 8,
raspectively. Crude liver micraosome fractions prepared from

the livers of chick, duckling guirea pig and mouse were reported
to have metsbolized G, as rapidly as 84 (Patterson and Roberts,
1970)« The livers of chick, duckling, guinea pig and mousc were
found to have metabolized aflatoxin B1_a1mast completely under
standard in vitro incubation conditions in contrast to thpse

of the calf, goat, pig, rat and sheep (Patterson et al, 1969).

An NADRH, = linked cytoplasmic cnzyme system of duck liver was
reported to be cspable of reducing aflatoxin 84 to the cyclo~
pentgnol, aflatoxicol  (Patterson and Roberts, 1972). A reactiva
matabolite of aflatoxin 8, binds covalently to tRNA when the
nucleic acid is added to an aflstoxin 8, matabaiising system

and more metabolite is bound when DNA is used in place of tRNAe
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Ta3Le T

TYPES OF  AFLATOXIN

‘latoxin Structure Molecular ' References
. Tormula
'-31 B’I?H’iZDG pllereft 2 Carnaghan (1963)
82 C17H1h{]5 fhang E.E als (1963)
M4 B'I'?H‘}ZU'? .+ Holzapfel .F.’._E_Ei];.. (1566)
My D17H1hﬂ7 Holzapfel et al,(1966)
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TARLE 1 ECCNT'D

gtructure polecular peferences

T ormuls

—

B17H1207 Asao et al. (1563)
o 817H1{+DB putton 7 Heathcote (1968)
) A 0CH;,
o
Ewlel? putton & rleathcote (1968)
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entering the rat liver cell, aflatoxin passes to the nucleus
where it binds to DnA 2and tho RNA polymerase systeme The reduced
RNA synthesis involves reduction or inhibition of the messager
RNA which leads to reduced protein synthesise. Aflatoxin inhibited
the DNA ~ dependent RNA polymerase system in rat liver nuclei
soon after its administration in vivo interfering with gene
tronscription with levels of aflatoxin that wera much lower
than the rat LDgg OT that required to inhibit cytidine incorpo=-
ration into RNA (Lilly, 1965).

Aflatoxins also cause biochemical alterations in tissuaes
of plant origine. Schoental and white (1965) showed that
aflatoxins in concentrations of 25 ug/ml inhibit the germination

of the seeds of cress, Lepidium sativum while smaller concentrations

interfered with chlorophyll synthesis. Clerk and Caurie (1968)

reported that aflatoxins and some other metabolites of fAspergillus

species have a damaging sffect on the root tuber of cassava

Manihot esculenta crantz by altering the amino acid and soluble

carbohydratc content both guantitetively and qualitatively and
2 lowering of the toctal nitrogen content was olso reporteds

In the cowpea, vigna sinensis, Adekunle and Bassir (1973) observed

that aflatoxin 3, inhibits chlorophyll formotion end seed gor-

minatione Black and Altschul (1965) reported that gibberellic
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aoid ~ indused inCroases in Lipses eﬁ&uamuiaﬁa”anitﬁﬁq‘qipJﬂus
germinating cottonseed are inhited by aflatoxin,

aiolngical Effects of aflatoxins

Aflatoxins have been shouwn to be toxic te animals, plants
and probably man. In all cases tnxicity depends on the dosea,
pariod of exposure and the test organlsm,

Newberne (1964) reported thaf metabolle

produc ts of Ae flavus are ﬁukiﬁstn many animal spaeies
with induction of histopathologic ieaiuha such as hepatic
SﬁiﬂﬁﬂhQMa; Adexosia and pruliferatinn of bile dugtule cells,
The saverity of the damage increased with sucesssive purificabion
of the toxic compounds. Butler (1969) phserved that aflatoxin
has the highest toxicity for mammals, poultry and fishy Studles
with several speeiss of fish rsvealed that aflatoxin 91 show
aouta toxicity on several species of fishy LDy of the toxin
in reinbow trout was 0.5 mg per kg body welighty The cohasalman
wags =20 timeg mpre resistant to aflatoxin, -

Studdes by varieus workers have indicated that the target
orgaen is the liver (Muller'gz.gk., 1970% Newbsrne EE.E&" 1264) ¢
van thuald‘gs gl, (1570) reported the toxin deposits in
skelgtal musclese and livers of affected chicken with manifeste
ntlong of e laesions in these aressy Muller et alg, (1%
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working with birds found that livers of grossly affected birds
showed brown to tan and some varying degree of discolouration,
In addition the kidneys were pale and swellen. Wogan (1965)
reported that sensitlivity of teat rats to sflatoxins decroases
with sge. The female rat is less susceptible to the acute
effects, even st 21 days of age with this sex differance
becoming more marked as sexual maturity is approached.

Subacute toxic effects of the aflatoxins in monkays have
- been reported (Tulpule et al., 1964). VYoung rhesus monksys
were fed either 0.5 or 1.0 mg of aflatoxin per day for 18 days,
then 1.0 mg per day thereafter. All animals developed anorexia
and died in 14 to 28 days, Liver lesions, billiary clrrhosis -
as there was portal inflammation and fatty chanpe were the
rasults of histopathological Tindings.

aflatoxins have alap been shown %o be carcinogenic. Thesc
toxins were found to induce liver tumour in 9 out of 11 rats
fed on aflatoxin contaminated groundnuts over a period of 6
manths (Lancaster et al., 1961). They further observed lung
metastasas caused by these toxins.

aflatoxicosis has not been well reported in man. However
of recent S8elchet® and Cohen (1976) related pulmonary adenomeiosls

with aflatoxin inhalation. This was from a cese study, Hepatlc
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dysfunction and also death has been reported in an Indian

village (Krishnamachari et als, 1975)s

control of Aflatoxin

The undesirable effects of toxic metabolite of certain
moulds has led to finding ways of controlling both the growth
of the moulds concerned and the production of such matabolites,.
A lot of work has been done on prevention of aflatoxin contamin-
ation at either Federal, State, Municipal and even Private
levelss Most of these methods are aimed at inhibiting the
growth of the moulde.

Applegate and Chipley (1973) observed that the growth and
sporulation of 2 strains of ﬂ.flauus were greatly reduced in
both wheat and synthetic medlia by exposure of these organisms
to a dose of 300 krad, with complete inhibition at 400 or 600 krad.
Chemicals have been employed a lot in the control of aflatoxine
Ras and Harein (1971) used dichlorvos, an orgamophosphate in-
secticide on stored grains and reported prevention of aflatoxin
production when 20 ppm dichlorvaos was useds Sodium borohydride
has baeen used on aflatoxin Bog (ashoor and Chu, 1975)« They
repnrtdd production of a new derivative, a reduced aflatoxin RB,_e

anether chemical, sodium hypochlorite was used on groundnuts

(Natarajan et al., 1975). This exhibited inhibitory affects.
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5odium chleride at concentrations equivalent or greater than
129/100ml, sodium acetate (4g/100ml), melonic acid 50mM,
benzoic acid (100me/25ml) were found to effectively inhibit
growth and aflatoxin production by A. flavus (Uraih and Chiploy,
1976), Growth and aflatoxin production of Ae parasiticus has
been inhibited by 12-mercaptoethancl when added to liquid media
by inbibiting E-1hq]= acaotate inmcorporation intc both aflatoxin
and ngutral liplids indicating tarqet of action is the eerly
stage of aflatoxin biosynthesis (Gupta et al., 1976).

The conventional solid smoke aerosol process has been
reported to provide meat products with protection against
microbial growth(white EE.EL" 1MY42)s BSBmoking of hams was

shown tc 1imit growth of staphylococcus aureus (techowich éat al.,

1856) « with the level of smoke obtalned in smokc house treatment
of goods, Arseculeratne and Welianga (1976) found a total
suppresasion of fungal growth on the majority of palm kernels

and in the few instances where growth cccured, it was marked

by a lack of toxin product. Hungarian type 5alamis (a type of
ground pork and beef) was rsported unable to produce aflatoxin

at any temperature or bhumidity when it was inoculated after

smokinge.
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Aflotoxin petoxification

The awarceness of the tocicity of aflatoxin has led to
fincding different ways of deotoxification of tho toxins and
these ways have beem reporteds Ceigler et sle (1966) screenad
intensively for aflatoxin detoxifying microorganisms and

reported Flezvobacterium aurantiacum end differcnt Rhizopus

species as potent afletoxin degrading micro-organisme Mann

and Rehn (1975) found that Corynebactorium rubrum dograded

mora than 99% of aflatoxin in & liquid culture after four days

They also reported Mycobacterium phlei, Candida species and

some moulds as being active at degrading aflatoxine. Such moulds

as Cunningamella echinulata, Stechybotrys labulote, penicillium

islandicum, Aspergillus niger and Aspergillus ochraceus were

found to degrade aflatoxin B,.

In addition to the use of microorganism chemicals have
been used. VYang (1972) ohserved that both cultures of Ne flavus
and aflatoxins were destroyed by commercial bleach, chlorox with
sodium hypochloritc as the active ingredients or an analytical
reagent grade of sodium hypochlorite (7.0 x 10-3M) in five dayse
nnimals injected with such a destroyed aflatoxin extract survived
with no obvious liver or kidney damage. Similarly Fishbach and
campbell (1965) observed that aflatoxins extrascts treated with

5% sodium hypochlorite for a few seconds lost their fluorescence
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and toxicity. They slso reported that chick embryos wers
unaffected by contaminated psanut meal which had been previously
exposed overnight to 10% chlorine gas. Natarajisn et al. (1975)
reported limited reduction of aflatoxin EZa with sodium boro~
hydride at & neutral or slightly alkaline pH resulted in a new
reduced derivative which was non-toxic to chicken embryos at
levels 100 times the LDgg of aflatoxin B,e Aflatoxin inactivation
7 been observed by treating cottonseed meal with ammonia and

methylamine (Mann et al,, 1571).

Freservation of Foods

The importance of food bas led to the finding of various
ways of extending the shelf life of our foods, particularly
the perishables angd the scmiperishables. various preservative
methods have becn employed, ranging from heat trezctment, drying, .

lonising radiation to chemicals (Frazier, 1976} Jay, 1978).

Heating and Drying

The success of heat treatment In preservation of foods is
due to protein coagulation and inactivation of enzymes required
for metabolism in the microorganisms. During smoking, & certain
amount of heat is nzcrasary to produce smoke as the smoke asrosol

is produced by burning dry or dempensd hardwood (Draudt, 1963).
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Pert of the shelf stabllity of smoked products is due to heat
destruction of surface orgenismz mg well to dryinmg that occurs
during hecting (Jay, 1978). According to pearson (1976) during
curing of fish a loss in weight of about 5 - 25% is caused by
the smoking process duc to its drying effect. That the moisture
content of smoked products is affectoed during smoking was
reported by Sink and Hsu (1977) when they observed that the
mpisture content of Fronkfurter was affected by different smoke

treatment.

Pragservation by Chemicals

The ideal preservative would be one which in addition to
being antimicrobial is non toxic and does not impart any bad

odour, flavour or taste to tha food being preserveds

genzoic acld and Roelated Compounds

ghemicels hove been used with great sucecess in preventing
or delaying the spoilage of foods by microorganisms. RQenzoic
acid amd related compounds have been accepted as preservatives
for certain foods (Jay, 1978). The mothyl and propyl esters
of parahydroxybenzolic acid are commonly uscd in the food industry

as antimicrobial agents (Chichester and Tanner, 1972),
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MATERIALS AND METHODS

Organism

Aspergillus flavus strain 586 IAR used for this study was

collected from culture collection of the Institute for Agricul-
tural Research, zZarias. Stock culturos wore grown on potatn
dextrose agar slants. Working stock cultures were obtained by
gsubculturing mycelia from stock cultures. Culture for spore
development and subsequent substrate inoculztion were obtained
from working stock cultures after fourteen doys of incubation.
All active cultures were maintained in loosely fitted screw -
cap voils at room temperature (27 + 1GE). Spore suspension
were prepared by adding sterile distilled water to fourteen day-
old sporulatoed cultures and spores were collected by sunction
filtration. Spores were washed twice using 50ml. of distilled

water and then filtered asepticellye.

Growth Substrates (Medio)

Pawpaw fruits (carica papeyn) and fish (Tilapia spp)

were used solely as the growth medin for nspaqg}llus flavus.
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Pawpaw Frult Medium (Table 2)

The frults were obtained locally and peeled to remove the
rinds  Thay were cut into small pieces and ground into a finz
watery mashe Thirty gram of the fruit mash was respectlvely
weighed into 250 ml. Erlenmeyer flasks. pifferant levels
of benzoic acid derivetives were added to these flasks (=ach
level in quadruplicate) and autoclaved at 15 lb/sg inch for
15 minutese. Half a ml agf the fungal spore suspension (105
spores/ml) was aaapticallv_ inoculated in quadruplicates, into
each flask and incubated at room temperature (27 &+ °0)

for seven days.

Fish Medium (Table 3)

Fresh fish locally purchased were scaled, gutted and dried
in the sunlight for one hour to produce a firm surface for ¢
further processing, They were sslected into two equal groups
on the basgsis of size. O0Ons half was smoked in the smoking unit
(flge 1 Some werg smoked at 55 - 65Dc for six hburs and
some for eight hours to a brittle textures The fish were
spaced out in their arrangement on the wire megh and turned
at intervals to snzhlie uniform smokinge. |

The other half was dried at 100°C in an glectrically heated

oven, some for four hours and some for five fours.



TASLE 2

Trace elements and sugar content of pawpaw fruits

(Carica papaya Var west Indlan) according to Bassir and

adekunle (1972).

Element
Magnesium
Zinc

Iron
Molybdenum

sugar

Fructose
Glucose
Sucrose
Mal tose
Lactose

Abs =

Trace Elemsnts

0/q sample
250
100
90
50

Sugar Content
Concentration -7
mole/g sample v 7
27,04
264,81
2.92
Abs
aAbs

Absent

37
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TABLE 3

Compogition of fish, 100 grams edible portion (Pellat and

shadarevian, 1970).

water ? Main 72 .0g
Protein b\ Constituents 19,0g
Fat | of fish 8.0g
calcium 50mg
Phosphorus 250mg
Iron 1~ 1mg
Ash

Thiamine 0. 10mqg
Riboflavin D.20mg
Niacin 3.0mg
wWaete 50g

Twenty gram of fish was placed in large petri dishes (140
diameter) and autoclaved at 15 lbs/sq inch Tor 15 minutes

and inoculated with 0.5ml. of the fungal spore suspension.

f11 the samples were incubated at room temperature 27 . 10)



Figure 1

Smoking Unit

—
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Mycelial pry weiggg

| whatman 1 filter paper (12.5cm) and Petfi dishas (9.5om
diameter) were employed for this daetermination, Thirty gram
watery frult mash was respectively weighed into 250 ml Erlenmeyer
flasks, and different lsvels of the salts incorporated into the
flasks and autoclavad ag previously described, The content

of each flask was transferred ageeptically into sterile petri
dishes. These were overlaid with aterile filter paper aon top
of which 045m1 of tha fungal opors suspension was inocculated,
Incubation wag for seven days at room temperature (27l3 1°C)
after which the plates wers steamed to enable wasy 1lifting of
the filter paper/inycelial mat, They were dried in thes hot

air oven at 108°C for 30 minutes and welghed,

Ramoval of gigment

Ten ml acetone water (85:15) was added to 30q portion of
the substrate/fungus and shaken thoroughly for 3 minutes in
8 labeline orbit environ-shakem (Lab lime Instr., Inc.) at
200 rpm, filtered through 24cm filtsr papar (whatman 2v) into
100ml graduated cylindera |
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90ml filtrate was transfered into 250ml Erlenmeyer flask
containing ferric gel propzred as follows: 10ml of 10% F9C13
s0lution was added to 100ml distilleod water in 250ml Erlenmeyor
flaske 15ml of L,,83% NagH solution wns also added swirled
to mix and form a gel. After addition of the filtrate to
the ferric gel the flask was stoppered and shaken vigorously
for 45 seconds and filtered through 24cm filter paper (Whatman
2v) into 250ml graduated cylinder. 180ml of this filtrate was
transfered to 500-ml separatory funnel containing 180ml distilled

water.

Extracticn of rflatoxin

50ml chloroform was added to the separatory funnel and
shaken vigorougly for 45 seconds. The chloroform layer wes
drawn off into 250ml round-bottomed evaporatory flask and
evaporated to 10ml using a rotary flagh - evaporator (Juchler

Instre. Ince.)
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Amount of subsirate involved in thé extraction (Unlaa-é
Tluorotoxin instruction manual),.

30g Mashed fruit in stoppered 100m]
250ml conlcal flask acetone-water
&~ v— (8545

shaken for 15 min and
filtered through whatman
1 filter paper 0,3g/ml

W0ml filtrate 4+ 125 ml ferric gel

(03 x 90) g/ml subatrate
15

gshaksn for 3 mins. #nd
filtered through whatman
1 filter paper

180ml, filtrats

180 x 0.3 x 90
275 g substrate

= 22.59 substrate
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Caliberation of the Toxin meter

The blank was prepared by wetting the prepared microcolumn
with chloroform: methanol (96:4) Trom the basae.

The instrumtnt was celiberated using aflatoxin standard
prepared as follows:

Tha preperation is a modification of the velasco Fluorotoxin
manual instructione To obtain an expected aflatoxin concen=-
tration of 20mg/ml appropriate dilution of the standard using
chloroform as solvent was done and tested for the absorbanco
value on CE 505 cesil spectrophotometer at maximum absorption
wavelength (365nm) from which the corresponding concentration
wns calculnted using the formula:

Concentration of aflatoxin =

nLox M.u_x 1000 X CeFe
[ =

where A = Absorbance
Melle = Molecular weight of aflatoxin type
E = Molar absorptivity of the aflatoxin type

CeFe« = Correction factor for the instrument
= 0,90

{Rodricks and Stoloff, 1970).
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plate 1: Fluorotoxin Metere
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plate 1: Fluorotoxin Metere




FlGse 2

Dlagram of Microcolumn
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7!"‘

e

Neutral aluminzs 15mm

53ilica gel " 15mm
gand 7mm
florisil 7mm
sand 7mm
Glasswool 2mm
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petermination of aflatoxin Concentrations

Using a glass syringe, 1ml of the sample prediluted
with chloroform was injected unto pre-wetted microcolumn and @llowed
to draine Jne ml chloroform: methanol (94:4) was added
on top and again allowed to drain, Wwhile the column was still
wet, it was placed on the precaliberated velasco Fluorotoxin

meter for reading,

Bloassay

preparation of Diets

Three of the five diets contained minimal inhibitory
levels of the salts usedes The fourth diet contained aflatoxins
and the fifth was the control -« pawpaw and commercial feed only.
Amounts of the different diets containing a total of 600mg sodium
benzoate, 300mg O-hydroxybenzolc acid (salicylic acid), 180mg p-
amino ethylbenzoate, all being minimal inhibitory levels, and
14.082mg aflatoxins were pooled in separate round bottomed
flasks, They were freeze dried at - 80°%¢; using € freeze drier.
Each diet was then dissolved in distilled water to give a

semisolid paste. -




-

Feeding

pay old white Sabgcock cockerels were used for the feeding
frial. The chicks were housed in four labelled cages in groups
of ten per cage, ln warm brooders at temperature of 31 1.1°C.
In addition to the commereial feed, each group was fed on a diet
corresponding to the lebael on the cage by crop intubmletlon
Feeding was dons tuice daily for a perlod of 10 days, after
which livers were rempved weighed and sections wers placed
in 10% formalin to be processed for histopathologic studye

Tiggues were stained with hacmatoxylin and eosin.



RESULTS
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TAALE &

effect of sodium 3enzoate on growth and aflatoxins
production by Aspergillus flavus (IAR 586)

calt Mycelial Percentage
mg/30g dry weight content of Aflatoxins
substrate g/ 30g salt wa/g substrate
Substrate
31 51 %2 82 Total
] D0.96 0 215 2001 1966 1647 774°
10 0.597 0.03 20,2 18.6 153 15,1 69,2
20 0.89 D.06 195 182 12,7 13,0 B63:4
30 0,85 Oe.10 1846 1649 10,0 10,1 55.6
f&ﬂ D.‘?B 0113 15-‘4 15.[:] 9.2 ng "48(;5
50 0.60 0,16 8e1 8.0 7ol 6.7 30,2
60 0.53 0,20 5¢5 Lo? 3e7 LoD 17.1:
70 U._-SU 0.23 3.[] 2.7 209 2.5 11--‘1
8o 0.21 0.26 1e2 0.8 0.8 04 32
90 D.10 0.30 Da.6 0,09 D.04 0.D2 0-7°F

100 D 033 8 B B & 2
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TABLE 5

Effect of pD-hydoxybenzoic acid (galicylic acid) on growth
and aflatoxins production by ngpergillus flave.- (IAR 586)

galt mycelial  pPercentage

. mg/30g dry weight content of pflatoxins
Substrate g/30g salt 19/g subetrate
substrate

B’l 1‘31 82 82 Total

0 0.96 0 215 20e1 15,6 1647 77.9

10 D73 0.03 19.2 18,0 1WPab 17,1 7207

20 De61 _ 0,06 1847 1945 1643 1143 65.06

30 Oel2 0,10 14,5 13,0 10.0 9.8 48,2

40 . 0.2 0e13 Ge1 Ze5 241 03 11.0

50 o 0. 16 o 0 0 0 0



*00S X :uot3eQ

-T4Tubely *ute3s ulsoa pue ulTAxojewssH ®TewION
°3a1P pajuawatddns pioe oto0zZuagAxoxpAy=p ygzIm
Pa3egnauT YaTyd woly IantT 40 ydexboxotwoloyd

=_r

g o301d



53
TABLE 6

Effect of p-amino sthyl benzoate on growth and
aflatoxins production by ;spergilius flavus (IAR 586)

521t Mycelial Percentage :
mg/30q dry weight content of Aflatoxins
Substrate g/30g Salt wpo/g substrate
Substraty

8,4 G4 B, Gz Total

0 0.96 0 215 2041 19,6 16,7 77.9

10 SP-1.0 0.03 13e2 1249 1064 941 45,6

20 0e17 0.06 2.5 2.0 19 2.0 Bal

30 0 0410 0 0 o 0 0
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TABLE 7

Effect of inhibitory levels of salts and aflatoxins
on chicks in ten days

piet Initial pay 10 Liver weight Histology
supplement - weight weight Total % result
(D (2 dody
weight
1] : 35.0 63.4 3.0 ko7 Normal
Sodium fenzoats 331 58,5 265 4,2 Nermal pl.&
p-aminaethyl benzoate k46 61.0 207 Lol Nermal py. g
D=-hydroxy benzoic acid 32,0 60.0 2eb L3 Normal P1.3%
aflatoxin 33.0 45 1e5 3,37 Ferivascular
and cytoplasmic
degenaration.

puctular cell
prodiferation.
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TARLE B

gffect of wood smoke on aflatoxin production by
aspergillus flevus (IAR 586)

pflatoxins _ Ma/g
ilnsmoked . smoked

& haurs 5 hours 6 hours 8 hours

3, 1065 0.54 0.022 ¥
G4 1428 0,52 0,020 @
3, 0.81 0.39 0.016 -
, 0464 0,15 0,013 re
Total 3,38 1.6 0.071 8
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The three benzoic acld derivatives employed in this
study have proved to be inhibitory to both growth and
aflatoxin production by the Ae. flavus on pawpaw fruits
(Tables 4, 5 and 6)e¢ The inhibitory effects of benzoic
acid and related compounds has been reported by various
workerse Uralh and Chipley (197G) described the inhibitory
effects of some benzolc acid derivatives on A. flavus grown
on a synthetic mediume BHenzoic acid has been shown to give
a preservative effect in herring Salad (Heintze, 1978). Also

a delay in the excystment of Schizopyrenus russcli cysts

when treated with p-chloromercuric benzoate has been reported
(Rastogi et al., 1969), The mode of action of these salts

has been reported (Uraih‘EE 3&., 1977)e A study of a number

of phenolic compounds such as benzoic acid derivatives and
cinnamic acid with respect to their inhibitory effect on potato
tuber lactate dehydroogenase isoenzymes, showed that the inhibition
was the non competitive type (Rothe, 1976). The pH of

each of the salt employed in this investigation in the madium,
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at complete inhibition was 5.0, and the a™imicrobial action
and preserving effect of benzoic acid and its derivatives
have been shown to be strongly dependent on the pH of the
medium (Smith, 1962; Heintze, 1978). with as low pH velue
of between 2.3 to 2.4, Cruess and Richert (1929) reported
thnt only 0,02 to D.03 percent sodium benzoate was required
to prevent growth of most fermentative organisms, however
the much higher salt percentage (0.33) obtained in this
study for sodium benzoate may possibly be due to the higher
pH value.

n much higher concentration of sodium benzoate (100mg/
30g substrate) and consequently a higher salt percentage
of the frult substrete was required to effect complete inhibition
of both mycelial growth and aflatoxin production as compared
with the lower concentrations of D-hydroxybenzoic acid and
p-amincethyl benzoste which are 50mg/30g substrate and 30mg/
30g substrate respectively for the same effect. Factors
other than pH4 may be responsible for this variation in the
effective concentrations. Lynch and Geoghegan (1979) reported
of a similar offect with 2 family of antibiotics which show

differential toxicity between closely related species. This

goas to suggest that mechanism of action is probably a function
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of various chemical properties associated with tha compounds,
in which case the mechanism of inhibition of aflatoxin bio-
synthesis may be different for the different compountis as
suggested by Rao EE.EE! (1979) after a study of the uptake
pattern of various labelled compounds in asparagine and zinc

deficient Ae parasiticus culture. The active agents in

benzoic acid and its derivatives have been sald to reside

in the undissociated acid or in the substituted benzoate
molecules (Heintze, 1978)e The salts used in this study have
different substituted moietiese In addition the loeation of
the carboxylic group in the aromatic ring is significant for
the range of inhibition (Rothe, 1976).

At complete inhibition, the percentage content of the
three solts stood at 0.33, 0,17 and 0,10 for sodium benzoate,
O=hydroxy benzoic acid and p-aminoethyl benzoate respectively
(Tables 4, 5 and 6)e Except for the last, the first twa
salts exceed the legal limit (1000 parts/million in foods)
for benzoic acid and related compound in the united states
(Jay, 1978)e The pH (543) of the pawpaw is probably raspon-
sible for these high values as benzole acid and rclated
compounds are uscd effectively within legal limits in high

acid foodse Stern et al. (1979) reported that Trypticase Soy
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broth containing various concentrations of butylated hydroxy-
anisole and sodium chloride at pH of 5.0 and upward though

aeffective against Staphylococcus aursus at the levels tested,

became more effective in preventing growth as the pH of the
medium was decreased.

The result of the feeding trial showed that sodium
benzoate, O=hydroxybenzoic acid and p-aminoethylbenzoate are
all non toxic to chicks at levels used (Plates 2, 3 and 4).
This 1s in line with the expectation that an ideal preservative
in addition to being microbicidal should be non toxic to the
consuming publice In fact such phenolic compounds as benzoic
acid, salicylate and p-hydroxybenzoate are produced by plant
organs and thus occur naturally in plants (Lepold, 1964).

The metabolism of benzolc acid has been studied.s Chantrenne
(1960) reported is rather over-used that benzoic acid 1e
metabolished to form hippuric acid when conjugated with glycine
in the system, Martin (1966) reported theexcrstion of hippuric
acid in sheep fed various concentrations of benzoic acide He
further observed that the lethal dose for the sheep is close to
10/kg body weight. This by far exceeds the amount used in

this studye, 1In another feeding trial with sixty=-five
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benzoic acid derivetives, it was observed that benzoic acld

was non repellent to Eppanta. Tests with 300 other carboxy
acids showed that there wes no repellency connacted with the
carboxyl group itself, howavar when associated with other
groups, compounds of hioh repellency were produced (Fearn end
Dewitt, 1965)s The non toxicity of these salts not-withstanding,
an investigation into sensory evzluation of high moisture dried
prunes preserved with sodiunm benzoate revealed that ths panelist
detecting benzoate, up to 950 parts/million. Although, they

did not describe the flavour as objectionable a slightly
different taste with a burning sensation was notade A good
preservatuve should not be teste percievedes From the results

of these present studies and from a toxicological point of

view, thess salts could be used os preservatives for pawpaw.

The report of the existence of the phenomenon of trste
blindness in respect of sodium henzoate (Fox, 1954) necessitates
an investioation into the tasts perci.ption of these salts in
pawpaue

The aflatoxins gave histopathological lesions as shown

in table 7 and plates 5 und 5, There is a general loss in
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welght 2nd also a lower velue of total liver meigﬁt percent
body weight as compared with those of the control chicks

and chicks fed on salts supplemented diets. Studies of

the metabolism of aflatoxins in different animals showed
that once the toxin has reached the liver cell. the factor
raspungible for tissue injury in a particular animal species
depends on the rate of and pattern of aflatoxin metabolism.
when the toxin is metebolised slowly, untransformed toxin

is the active part with chrenic liver damage as the result,
From the method of feeding used in this study, metabolism
can be sald to have been slow. Houwever when it is metabalised
raplidly the metabolites rather than the originmal toxin are
involved, resulting in acute liver demage (patterson, 1973).
Huff gt al. (1979) reported of cytoplasmic deposits of gly-~
cogen At liver lobe peripheryv of broiler chicliens due to
inhibition of glycogenolysis during ochratoxicosis. This
probably explains for the cytoplasmic lesions observeds. 0On
tte other hand inhibition of ribonucleic acid polvmeracn of

rat liver snd £scherichia coli end nuclear ribonuglease of

rat liver anc Tetrahymena pyriformis by various mycotoxins

has been reported (Tashiro et al. 1979).
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Investigations on woode~smoke have yielded the results
in table 8, plates 7 and 84 iJoodsmoke to a considerable extent
has exhibited an inhibitory effect on mycelial growth and
aflatoxin production bV.ﬂ'.ﬂEﬂKﬁE' Although the definition
of 'preservative! exclucdes substznces added during smoking,
the smoke given out during burning of wood is known to impart
certain chemicals to products belng smoked (Frazier, 1976;
Jay, 1978; i3ink, 1977) end these are observed to be microbi-
cidal, lloodsmoke contains a large number of volatile compounds
that differ in their bacteriostatic and bactericidal effect
(Draudt, 1963)s 1In addition to formaldehyde which is said
to be most effective against microorganisms, other chemicals
that ere components of woodsmoke are shown in Table 9. This
inhibitory effect of woodsmoke was more marked on toxin producte
ion (Table 8) than on mycelial growth of A. flavus (plate 7).
Natorwicz et al. (1979) reported that aflatoxins were undetected
in green and roasted regular coffee beans sven though there was
viaible mould growth at moisture levels of 28% and 48% respec=-
tively, Wwhile only 0,071 g/g was produced on the smoked fish,
3458 g/g was produced on the unsmoked fishe Arseculeratne

(1276) reported a similar effect of smoke on smoked cobranutse.



Table 9

Constituents of hardwood smoke

(Draudt, 1963).

constituents

Formaldehyde

Higher aldehydes
ketones

Formic acid

Acetic and higher acids
Methyl alcohol

Tar

water

Phenols -

Resins

weight
% Moist Wood

0.12
0657
D.67
0.38
171
096
Le81
2.42
0,07

Le21

68
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on the antimicrobial property of wood smoke, Lechowich et

ale (1956) reported thot growth of Gtaphylococcus aureus

was limited on hams treated with wood smoke, while Tatini
et al. (1876) observed and reported that pepperoni processed
with smoking in two ways was not likely to be a health hazard

from Staphylococcal enterotoxins as the growth of the toxin

producing organism was hampered,

Smoking the fish to a brittle texture (for eight hours)
resulted in an inhibition of both growth and aflatoxin
production (FPlate 8)., This may be due to a reduction in
the maisture content to the minimum through the heating and

drying effects of smoking. Natorwicz et al. (1979) reported
that even at molsture level of 17% and 34% for green regular
and roasted regular coffee beans respectively, there was no
vigible mould growth while aflatoxins were detected in
decaffeinated beans. Jensen (1943) reported that the moisture
content of grains influences the bacteriostatic action of
volatile fatty acids on the greins. Edelmann (1939} ~pportzd
the sume effect for meat and rrseculeratne et al. (1976)
for cobranutse It is & common practice particularly in the
local fish producing areas to find freshly smoked fish that

contain re=sonable 2mount of moisture. Nwokole and Okonkwo
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(1968) in a survey of aflatoxin load of common Nigerian foods
reported that foods such a@s drisd fish stored poorly fer
long pericds carry unwholesome guantities of aflatoxin.
1f these fish are to be transported to non fish producing
areas (uhich is larger, in this country) for sale, it is
gssentizl that they be smoked to a level of minimal moisture
and further protected by being properly stored or redried
from time to time to avoid the risk of being overgrown with
fungi and toxins contemination.

In aocddition to the preservative effect of woodsmoke,
the flavour and colour imparted during smoking (white et al.
1942) are desirsble to the consuming public. However for
gconomic and toxicologicel reasons a developing nation like
ours would do well with such a cheaper and equally effective
method of controlling aflatoxin contamination of food materials

as the elaborate technigques in developed worlde.
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