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FROBLEMS OF MYCOTOXINS IR AFRICA

OENERAL

liyootoxin is a term reserved for a group of highly toxie
substances produced ae secondury metaboliteshy eeveral fungi,
These substances often differ greately in structure, chemical
and physiocal properties but possess the capablility of produoing
pathologiocal and other undesizrsble conditions in man and animals.
Buch oconditions are normally referred to as mycotoxicoses.
Mycotoxine constitute a major problem for human and animal
health’beoauu.. upnder normal conditions an exi.t in those regi-
ons of the earth with warm olimate and high relative humidity,
foodas and fesds readily provide ideal conditions for both myce-
1ial growth end toxin elaboration. In suchk circumstances, even
a food with no evident sign of aould contamination may be rioch
in myocotoxin, Most mycotoxins are of low molecular weight and
are therefore qI high mobility. Consequently, they often penet-
rate deep into the food, away from the surface,

In ﬂintorieal terme, éutbrcakn of such husan .yoototioos?s
as ergotism and mushroom poisoning were recorded several decades
ago. Cases of other human snd animal myscotoxiocses were subse-
quently reported, and prominent inong the human ocut-breaks were
Alimentary Toxio Aleuks (ATA), Yellow Hice Intoxication and
Stachybotryotoxicoais,

Prior to 1960, myootoxins and their various effects enjoyed
minimal prominence in the solentific literature but came into
sclentific focus a.ﬁor the discovery of aflatoxin ia the early
1960s. Since then , several new mycotoxins have been discovered
and there had been a sustained interest in some of thess with
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a resultant rapid growth in knowledge of their chemistry,
toricology and epidemiology.

As at 1982, spproximately 220 moulds have been sstablighed
48 beling toxléanio, and they belong to the genera 1liasted in
Table I. Although most resesrch on this subject has been ocar-
ried cut on the aflatoxins, and much of the indireot evidence
of Aunan toxieity and carcinogenioity relate to the aflatoxins,
it has been shown that many other mycotoxins conetitute asigni-
ficant health hagard for man and livestock where the livers,
kidneye, ocirculating systems and blood-forming organs appesr
‘40 be the main target organs. Table 2 represents & summary of
some of the important mycotoxins, fhs producer organisas, aad
the corresponding toxic effects.

| Taeble I

Genora of fungi containing toxigenic speeies
(Mossel, I982)

Absidia : Helminthosporium Scopulariopsis
Acremonium Microsporon Sporidesmium
Alternarii Mucor Staohyboris
Aspergillus Myrotheoium ' Talaromyces
Byssochlamys Nigrospora hsmnidium
Cephalosporium Paecilomyces Thermoascus
Chaetomium ' Penicillium Thermomyces
Cladosporium Phoma Trichoderma
Cladotrichum " Pithomyces Phricothecium
Gluvloepn' Phizootonis . Verticillium
Dacylonmyces -Bhizopus ZLygosporium

Pusarium ‘ Sclerctinia
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Table 2

Mycotoxine, producer organiems and toxic effects

Myocotoxin : Origin } Toxio effect
1 | 2 i 3
Aflatoxin Asp. flavus and perssi Carcinogenicity,
ticus; possibly also with apecial
other species and genera affinity to the
liver; immuno-
suppression
Aflatrem Asp. flevus Tremorgenlcity
Alternariol Yarious species of Haemorrhagio
Alternaria effeots
Agpergillic acid Anp, flavus Heurctoxioity

Aspertoxin

Byssochlamio
agid

Chaetoglobosin

Chrysophanol
Citreoviridin

Citrinin
Citromycetin
Cyclochlorotin

Cyecloplazonle acid
Cytochalasins

Diacetoxyscirpenol

1-2

isp. flavuas

Byssoohlamys fulva

Varioupg specles of
Chaetomium

Pen, islandicum
Pen. cltreoviride

Various apecies of

Penioillium; Aep. niveus

Pen. frequentans and

rosepurpureum

Pen., 1islandioum

Pen, cyclopium and

camemberti; Aspergillus

8PL.

Specles of Phoma and

Helmintosporiums
Asp. clavatus

Fus roseum

S8imilar to sterig-
matooystin

Inhibition of some
esssntial enzymes}
haemorrhagio efe
fects

S8imilar to oyto-
chalagins

Mutsgenliolty
Heurotoxic effects
Nephrotoxiolity
Bimilat to sterig-
matooystin B

Hepatotociecity,
carnicogeniolity

Carcinogenicity;
neorotic effects

Disruption of
contraotile micro-

Dermatitic and
intestinal haemor-
rhagic effects;
imrunosuppression



Diplodiol

Bmodin

Funitremorgen

Fuparenons

Pugarin ¢

¥Fusariogenin

Griseofulvin
Islandioin
Islanditoxin
Jenthitrem

KoJio aoid

Luteoskyrin

Maltoryeine

Mollioellins
Moniliformin

Myoophenolic sold

Neocsolaniael

Diplodia maocroejpora

Asp. wontil; Pen. brun-

neum and oyolopium;
Oladpaporium spp.

A®sp, ocaespitosus and

Ancrexia,
lethargy

Diarrhoeagenieity,
mutagenicity

Tremorgenicity

fumigatus; Pen, piscarium

Fusp. nivulas

Pus, moniliforme

Yua, sporotrichiocdes

Fen, 1elandicum
Fen. 1aplandioum
Pen, iglandioun
Pen, Jjanthinellum
Various gpeoles of
Asperglllus and
renlclllium

Pen. iglandioun

ASp, oryrae

Chaet. mollicelluun

Yérious #pecles of

Favarium

Varioug species of
Penioillium

Yus, trioinctum

Inhibition of
protein synthesis
by cells of
huematopoietic
tissuea

Mutagenicity

Altmentury toxic
aleukia (ATA)

Carcinogeniolty
Mutagerniaoity
Hepatotoxioity
Iremorgeniolty
Convuleant

effecta

Carcinogenioity
with special
affinity to the
liver

Haemorrhagio and
ngurctoxio effects

Mutagenicity

Myocoardial
degenerution

Toxlolity of
leuccoytes, lead-
ing ro 4nuemia

General and der-
mul toxicity.
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I 2 3
Hivalenol Jus. nivele Bimilar toc fua-
arenone
Oohratoxina Yarious species of Hepatotoxielity;
Aspergillus and nephrotoxicity
Feniolllium
Oxaline Per., oxalicum Keurctoxioity
Paspalinine Olavicepe paspsli Tremorgenicity
Patulin Various npeicies of Gensral toxioity,
Penioillium and and poselbly oar-
Aspergillus Byss. ainogeniaity
nivea
Paxilline ' Pen. paxilli Tremorgenicity.
Penicillio acid Yarious species of Carojnogenicity;
Panioillium and oardiotoxioity
Aspergillus
Ponitremst of
Tremortin
P.R, toxin Pen. rogueforti Hepatotoxicity
(Eporyoptalone) nephrotoxioity
Pegoralane Bol, soleroticrum Dermatitio effeots
Roquafortine Pen. roqueforti Neurctoxiocity,
: leeding to aon-
vulsive seizurem
Roridin % B8taoh. atra Alimentary toxia

Rogeotoxin B

Rubratoxine

Rugulosin

Secalonio eoid D

Bimatoxin

Slaframine

1-3

Trioh., rossunm

Pan, rubrum and
purpurogenumn

Pen. rugulokunm

Various species of
Peniocillium
Pen. islandioum

Rniz. leguminicola

aleukia (ATA)

Inflammatory
atffaots

Hasmorrhagio
effacts;
hepatotoxiocity

Hepatotoxicity;
aarainogenicity

Hasmorrhagio
effects

Hepatotoxicity
Intersction with

parasympathic
nerve systen
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Solaniol Pup. sclani Neurotixioity

Sporidesmin Pith.ohartarum Hepatotoxioiiy;
facial eczema

Sporofusariogenin ¥us. sporoirichicides Alimentary toxie
aleukia {AT4)

8tachybotryotoxin 8taoh. atra. Cirsulatory,

’ hsemorrhagio and

dermatitio effeots

Bterigmatooystin VYarious species of Carcinogenioity,

Tenuazonic aocid

Terrelo aoid

Territrems

Tremortin (Penitrem)

Trichothecene
roup
"T-2 toxin* ete.)

Tryptoquivaline
Yerrucaring

Verruoulogen

Yomitoxin
{Deoxynivalenol)

Xanthoasoin

dopergilius and
Chsstomium

Alt. glternata and
tenuiasima

Asp. terreus
Asp. terreus

Yarilous species of
FPenloillium

Yarious speoles of

Fusarium; Trioh,
rogeum

Asp. clavatus

Staoh, atraj Myrotheo.
roridum

Yarious speocies of
Peniolllium;
Asp., casspltosus

VYarioug epacies of
Fusarium

Asp. candlidus

wlth special
affinity to the
liver

Haematological
disordera

Hepatotoxioity
Tremorgeniolity
Tremorgenicity
Alimentary texic
aleukia,
neurotoxleity;
teratogeniclity;
inflammaticons
Tremorgenloity

Hasmorrhagio
effsota

Tremorgeniolty
Bmesia

Nyococardisl and
pulmonary lesionas
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X H 2 ' 3
Xanthomegnin, Yarious species of Hepatotoxiolty
viomellin and Aspergillus and nsphrotoxicity

related mycotoxine

Zegralenol

Zearalenone

Triechophyton;
Pen. viridicatum;
Microspor, cookii

Fus, rossum

Various species of
Fuearium

Affecting the
uterus

Emesis; inter-
ference with
stercid hormone
systems

1-4
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IRCIDERCE OF MYCOTOXINS AND MIOOTOXICOSES IN AFRICA

Myootoxicoses as a health and economie problem have engaged
$he attention of fearmera, veterinarians, mycologiste and
governments the world over. In the Afrioan region, for reasons
of underdevelopment, and its attendant handicaps, the amount of
dooumentation on the problem of mycoborins 1s meagre, though
oonolusively indiocative of the existence ¢f an established
problem, Based on avallable information, 1t is convenient to
treat this subjeot under the following sub-regional groupings:

« Bouth/Bast African sub-region

-~ Wept African sub-region

= North Afrioan pub-region.

Bouth/African sub-reglon

X. Behnelder et el (1979) repar ted an outbresk of mortality
in a flock of mutton marine ehesp, in whioh 109 out of 568
sheep died, in the Bouth Weatern Cape Province, This outbreak
was oharacéerined by haemorrhdegio pepticeemia, ansemiam and
leuocoytopaesmia, The cause of this outbreak was traced to the
unintofrupted consumption of sheep oubes proocsssed from fungus
infeeted wheat, berley and rye straw. Toxigenic strains of
Btaechybotryse charterun were inoriminated. This report, repre~
sented the first description of mn outbreak of ptachybotryo-
toxicosis in ;haep'assooiated with the ingeetion of §.chartarum

infeated feed component in Bouth Afrioca.

2. During the spriné and summer of 1979, ancock et &l (1980)
reporfed field outbreaka of porcine hyperosstrogenism in the,

Natal Midlands. One outbreamk was triggered off in the Ipoxo



3585

-9 -
Tletrist in plgs ufter the consumption of & mixed ration gontaine
ing 0.9% mg/kg searalsnone, The carrier Tfead ocomponsnt was yellow
maige (I0 sg/kg), It wap obeerved that dilutlon of ths contaminaie
ed maige with good quality white maise drastlcally reduced the
inoidenoce an? ssverity of olinical signs within 3 - 4 dayas,
Another outbreak involving pigs weighing 40 kg was obperved,
following ths cepnsumpiien of & mixed ration sontaining ahemioall&
undetactable level of searalenone, The carrier maige componsnt
this time, oontained only 0,06 mg/kg, searalenons, Thls reportd
again tepresented the first reoorded fileld outbreak of poreinse
hypereeatrogeniss assoolated with the ingestiol. of F,graminesrus-

itnfected maise in SBouth Afrioa,

3. Pilsnaer st al, (I98I), Teported four outbreuks of lasycoen-
cephalomalacia in horases, 1n widely separated areas within South
Africa, In eaoh instanace, mouldy maize conteminsated with Fusarium

yartisillicrdes {woniliforma) was involved, {linioal signs and

pathologloel lepicns were ldentioal to those seen in experimen~-

tally produced cases of P.fartiaillioides poisoning i» horses,

4. The existence of g link between mycotoxins and ocancer in
Africa, has been suggested by many workers, {Oettle, 1965; Butler
1974, Linsell et al,, 1979, Morssas et al, 1979), The mycotoxin
hypothasls for the aetilology of hepatio carcinoma was advanced
by Oettle (1965}, Partioularly with respect to aflatoxins, thers
1a a wealth of indirect evidano; whioh suggest that afletoxina
play a role in humsn nsoplagia induction, This type of caroinoma
shows & well defined geographical distribution whereby high
inoidence areas occur in the sub-saharal sreas of Africa and

Bouth East Asta.
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Peers and Linsell (1977), repa ted a high degree of posi-
tive correlation between ingestion levels ofaflatoxin, and
adult inoldence rates of hepatocellular ocarcinoma, based on
& T-yoar ptudy bf cancer reglptration in the Murzag distriot
of Xenys and in Bwasiland, The high exposure rate of man to
aflatoxin in this sub-region of Africa and perhaps beyond, has
baon-olsarly demonstrated by Alpert et al. (I97I), who reported
that, 40% of food sampleslteatad in Ugands contained aflatoxin,
with I5% exceeding the I ppm level, Butler (I974), observed
that 1n Kenya, 8waziland and Mozambique where, the incidence
of hepatomas is high, aflatoxins are often detected in human
focds, In the view of Linsell and his associates (I1979), afla-
toxin ingestion in Mogzambigue is the higheat found in all Af-
rica, a.varagin,g.222 ng/Xg a day, ocompared with virtually zero
in the U.B. As & consequence, the cancer incidence rate in

Mogambique 1a 58 tlmes that of the U.3,

5. Indirect evidenoces of the possible tole ¢f myocotoxins other
than aflatoxins; has been provided by Morasas et al. (1979) from
the Republig of Transkel where the Scuth-Western district is
reputed tohave thﬁ highest rate of oesophageal ocancer rate in
the entire continent, while the rate in the nbrthwestern regicn
of the country le relatively low, Morasas and his aseooiates

ipolated F.graminesrum, F.verticillioides and F.sacchari var.

pubglutinans ae well as, the mycotoxins deoxynivalenol and
gonralencne f{rom corn which forms, K the dietary staple of the two
diatricts, The level of natural contamination was however ocon-
siderably higher in the high incidence area of oemophageal

cancer than 1n the low incidence area, suggesting a link betwpen.

deoxynivalenol and zearalenone with this disease.
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6. An evidence of the anuté toxicity effect of aflatoxin te
man as digtinet from the caroinogenio effect, waas presented by
Serck-Haneen (I970) who reported the death of a boy in Uganda
from soute liver damsge, following the ingestion of a caseava

meal heavily contaminated with aflatoxin.

T Apart from the above descrlbed cases implicating mycotoxins
in outbreaks of animal and human diagases, the mycotoxin prob-
lem 18 further underlined by the common occurrence of toziéenio
mould strains in the African environment.

Rabie et nl. (J982) found four new moniliformin produoing

species of Fuaarium'namaly, F.acuminatum, F,ocncelor, F;equise-

il and F.pemitectum. Isclated of F,scuminatum and F.concolor

produced ms much as 3.4 ang 9.5 g/kg of the toxin respeatively.
It wag further shown that South African iaolatgé of F.oxysporum,

F.avenaceum, F,fusarioides and F.moniiiforme var. subglutinans

produced large smounts of moniliformin in corn ears in the

fleld.

8. Working in South Africs with Diplddis macrospors isolatsd

from Zamblan white mmize, Krisk and Morasas (I979), demonstrat-
ed the toxlcity of meire ocultures of the Zambian D.magrosporsg in
ratms and ducklings, Pulmonary haemorrhage, alveolar, sspt;1
and perivascular cedema of the lung, mild cholangitis and a mild
renal tubular nephrosis were the most important hisfolégical

ohangés.

9. Itekura et al, (1980} reported the isolation of mycotoxi-~
genic fungi from Ugandan foodstuffs, Strains (209 in all) of
these fungi, shwed strong aoute toxiocity on mice while A.flavus,
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A.oryzae and A,candidus caused liver airophy. A.flavus in sddipe

lon causad marked pleomorphism of liver oell nuolei., 4 fey
straine of P,funculcsum caupsed mwellinge and nuclear 91¢qmor-

'phiam of proximal tubules of the kidney,

¥eet Afrlcan Bub-region

Information of the myeotoxin preblem in thie sube-region
came from Nigeria and Benegal, Here, none of the informatien
eontained studies linking myocotoxin ingeetion %o inoidence a&f
canger. They are rather reported of surveys pf losal focdetuffs
for aflat oxin contamination or potential contamination from

whish inferences eculd be made (Table 3).

I, Alozls at a1, {1980), saresned [6 ol the ocommonest local
‘foodstuffs and indigenous beverages and found that all § pemples
of beverages were oontaminated with aflatoxin, The foodstuff
sanples (except ewedu, dawsdawa and ghokoyokote) also sontained

aflatoxin,

2, Emerecle et al, (I982) found aflatexin in erops and aplces

procured frm markets 1n Western part of Nigeria,

3, Ureih and Ogbadu (I980} working in Northern Nigeria,
found low levels of aflatoxin in sorghum (Borghum vulgare) after

harveeting and attributed the low aflatoxin content of tha
graina to the prevalling high temperstures and low moisture
levels at the time of the study,

4, ¥rom the Bastern part of Nigeria, Wwekelo and Okonkwo in
a survey of ecommon foods in the Savanna and forest reglons of

¥igeria, found high levels of aflatoxin contamination in foods
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{worghum, millet, groundnut, dried fish, palm oll}, stored
under sub-optimal oonditione. They suggested that suoh aflatoxins
way work synergiptically with other caroinogens to produce the
high incidence of primary liver cancer gommon in young pecpls
under the age of 40, The report of & high rate of contamination
of Nigerian foodstuffs by Nwokolo and Okonkwo, and the Indloste
1én of & high incidence rate of liver oancer amongst young
adulds in Nigeriam suggested, that, the mycotoxin problem in
Nigerls may not differ from that of South/East African aube
region, Population.based studies of a link beiween dletary

myooboxin and cancér incldence in Nigeria are urgently reguired.
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Table 3

Mycotoxin contamingtion of foods and feedse 1in

the West African Sub-region

T

¥

Organism Source ; Myeotoxin | Reference
- Eigerian foodstuffa Alozie et al.
and indigenous Aflatoxin {1980}
beverages *
- brops and epiec~ Aflatoxin Emerole ot al,
ea from Nigerian (1982}
markets .
- Sorghum after Aflatoxin Uraih & Ogbadu
harvesting (1980}
> Bcfghum. millet Aflatoxin Hwokole snd

roundnut, dried
igh, palm oil
under gtorage

Okonkwo I978) -

Fugarium Dry foreges from
Tigidleseu- Senegal
Anm

«flavus

«niger

[T [T

Le1lduisans

Ls Barg &
Labouche (I979)

~ = Not Determined

Rorth African Sub-region

dvailable information on this subject from the North-

African sub-region comes from Egypt, Tunisia and the Sudan.

I, In a study on the relationship between aflatoxin and

kwashjorkor amongst Sudanese children, Hendricke et al (I982)

ascreened sera and urine samples from 44 kwashlorkor children,

32 with marasmic kwashiorkor and 70 with marysamus for their

aflatoxin content using high performance liquid chromatography.



- I5 -

Aflatoxin was deteoted more often and at higher ocncentrations
in pera from children with kwashiorkor. Aflatoxicol, & metabo-

lite of aflatcxins BI and 32, was detected in children with
kwasnhlorkor and marasmlc kwashiorkor, The study showed in clsar
terms that these children and perhaps the Sudanase popuiation
are exposed to aflatoxins in thelr environmant. Survey studies

4 the mycotoxin contamination of the North Afrloan environmant
clearly show that as in the other sub-regions the problem of
mycotoxin is real (Table 4),

Table 4

Mycotoxin contemination of foods and feeds in,
L J

North-Afrioan sub-region

Organism } Souroce : Mycotoxin: Reference
Stac%xbotrxs Wheat straw Verrucarol El.Ksaly &
arum from Egypt Verrucarin J Mouhasher (I982)
+M1Crospora Roridin B
E.EampaIensIs Satratoxin H
A.flavus Egyrtien feeds Afluatoxins Abdel-Fattah
et al. (_1982)
Ao tiacua Egypt Aflatoxing Moubasher et al.
A.carneus By, By, Gy, (I97T7)
L. Térricola ' G
’ 2
i
- Bgyptian food Aflatoxin ulet et al,
pamples under 1983)"
storage
- Tunigian food Aflutoxin Boutrif et al.
samples under (1977
storage

~ = Not Determined
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Control Measures

Ideally, the prevention of ﬁycotoxiooses and the attendant
humen and economioc loss calls foxr either the exclusion of the
causative agents from our environment or the prevention of the
growth and metabolipm of toxigenic fungal strains on foodstuffs
and animal feeds. The second option is a more fessible proposilt-
ion, and indeed, is the approach adopted in moet Afriocan i

pountriem.

4.  Qontrol through Prevention of Fungal Growth:

To achieve this, the following measures are necessary:
(a) Prompt removal of harvested crops to shelter where
they should not be allowed to gain molsture
(b) High moisture foodstuffs and agriculiural products
ghould be dried down to a water content / equivalent
/[level to a water aotivity of 0.70. The alarm water
content equivalent of this is shown for some common
foods (Table S5). The techique of aolar drying is
reocommended.
{0) Damaged fruits, kernele and mouldy foodstuffs should
be discarded.
{d) Whem poasible, and depending on the food, refrigerat-
ion should be applied.
(e) Agricultural products should be protected with chemi-
oals against insecte and vermins.
A11 the enumerated preventive measures are applisd in most
African countries. Their ineffectiveness &s evidenced by the
wide spread contamination of fooda with tmigenic moulds and

mycotoxing, derives from the unregulated application of the
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measurss and the abeence of any monitoring system in most of
cur oountries. Monitoring of high risk food in Africa will be
a very sffective control measure as has been demonstrated in
the United Stetes of America, In this regard, it should. be the
responaibility of governmente to inetall low cost mycotoxin
conteminatlion testing service for producers, and purchasers
alike, This 1s the praotice in some mdvanced countrlies where

the apsault on mycotoxine 1s exeouted with a missionary zeal,

2. Contrel through application of High tempesratures

Prolonged cookling with water, and roasting af high tempara-
ture are a comwon feature of African oulinary practlioe., Unfor-
tunately, these measures are only enocugh t0 lower the levsl
of myootoxin in a food without eliminating the ohronia toxioity

risk.

3. llesesroch Efforts at Mycotoxin Control

Meany workers in Nilgeria are ourrently engaged in research
on mygotoxin oconlrol, Some of the findings though encouraging,
are yet to provide the answer to tne'problem.

(8) Control using gamma-rediation: Ogbadu (I19680),

explored the efleotivenesa of low doses of
radiation and reported a decrease in.aflatoxin B,
produoction by irradiated spores of 4.flawvus 1n
Nigerian foods. Total inhibition w331mhi?ved in

20ya beuns and groundaubs at 500 Krad,
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(o)

- I8 -

Benzoic acid and ite derivatives: Ursih snd Offonry

(1981), reported complete inhibition of A,flavus in
groundnuts at the fellowing concentrations: Benzoio
aoid (I0 mg/g) sodium benszoate 24 mg/g; salicyclic
aoid, 20 mg/g; ethylep-aminobenzoate, 3 mg/g (for
aflatoxin inhibition) and (10 mg/g for mycaelial -
growth).

Woodsmokes Uraih and 05.43;,(7532), found that wood
smoke inhiblted aflatoxin synthesis on fish and
ererted fungistatic effeot at reduced water content.

Other Relevant Efforts

(a) Doyle and Marth (I1978) reported that at high tempera-

(v)

(o)

ture, 80, at 2000 ppm or more, will reduce aflatoxin
to an acoeptable level.

Brekke et al. {I978), described a pilot-scale
treatment of 4.86 metric ton of corn at 1I% moisture
content, using l.I% NHy which reduced the aflatoxin
B; level from 90 mg/kg to & nondetectabls level during
T months of in-door storage. Bwine feading teste on
this ammoniated corn gave good results.

Hitokoto et al. (1980) demonstrated that clovas,
staranige geeds and allepice cauged complete

inhibition of A.ochraceusg, A.flavus and A.versicolor.

The active principles-eugenol (oloves) and thymol
(Thyme) caused complete inhibition of the moulds

a8t 0.4 mg/ml while anethol (staranise seeds) was

offective at 2 mg/ml.
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fable 5
Alarm water oontent of some staple foods

agpuming a_ = 0,70 at 20°%

Food 1 Alars water content

Huts 4 - 9

Jle milk powder T
Coooa T~ 10
8oybeans 9«13
Dried whole egg 10
Bkin milk power 10
Dried lean meat and fish 10
Rolled ocats . iI
Rioe i2 » I5
Pulses !2‘-t15
Dried vegetables ) Iz - g2
Wheat flour I3 - I5
Dried soup mixtures 13 - 21

Dried fruits : 18 = 85
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