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SUiMMARY 

A rapid method of countmg viable spores of sporlage fungr has been developed 
The method is based on the productron of the enzyme pectmesterase dunng germt- 
nation of the spores This enzyme hydrolyses the ester linkages of pectin to produce 
methanol whtch can be assayed by gas-hqmd chromatography 

A linear relatronshrp can be established between the methanol produced and 
the spore concentratton. The relatronship IS common to the SIX species of Aspergdius 
tested. Results obtamed by thus method m 19 h compare closely wtth plate counts of 
Aspergdk obtamed at 44 h_ 

INTRODUCTION 

Fungr of the genus Aspergdlus are found wrdely m a variety of agricultural 
produce, where they are frequently present as dormant spores which may germinate 
under Inadequate storage condrtions and cause sporlage 

Several types of spoilage may take place, the most important being the produc- 
tion of various toxins, especially the aflatoxms Non-toulgetuc strains may also cause 
spoilage by productron of heat leading to a loss of seed vrabrhty. alteration of flavour 
components and also by causm, = hydrolysis of tnglycendes to free fatty acids These 
are subsequently desaturated and subjected to autoxidation, thus leadmg to ranctdtty 
Constderable financial losses are caused by these fungr, especially m some developmg 
countnes where storage facrhtres and transport networks are inadequate and the 
ambient temperature and humtdtty are both htgh 

Tradrtronal methods for the estrmatron of fungr consist of plate counts, which 
may take 7 days or more depending upon the species’ Such methods are of httle 
value in a modern produce control laboratory, as toxigemc strams would have com- 
menced toxm synthesis dunng tlus time period- 

It IS obvrous that there IS a great need for a rapid method of countmg fungal 
spores and predrctmg whether or not they are viable 

* Present address Departnteat of Chetmstry. LJntkerstty of Calabar, Calabar, Nlgena. 

OOZl-%73/82/~jSOL75 c 1982 Elsevter Sctentdic Pubhshmg Company 



110 J 0. OFFEM, R K. DART 

Many species of the genus Aspergrllus produce pectin degradmg enzymes when 
grown m pectin-contaimng medium ’ 3_ The enzyme pectinesterase (E C. 3.1.1_11) 
hydrolyses pectm to pectic acid and methanol. The enzyme may be measured by the 
titrimetric estimation of the carboxylic acid groups-of pectrc acida, or the methanol 
hberated may be measured either as formaldehyde5 or by gas chromatography6 ‘_ 

This work uttlizes the activity of the pectinesterase found after 15 h germi- 
nation to determine the number of vrable dormant spores of SIX Aspergilhu species 
known to cause spoilage_ 

hl4TERIALS AND METHODS 

Orgatmms and media 
The six species of Aspergdhts used were obtamed from the Commonwealth 

~Mycological Institute (Ferry Lane, Kew, Great Bntam) They were A-flaws 15959, 
39178% 86769. A_ niger 3 1821, A. nidulans 16643 and A. hcchuensis Inui 83356 

Cultures were maintained by growth on slopes of the followmg medium; mal- 
tose= 38 g; neutralized soya peptone, 8 g; yeast extract, 2 5 g; malt extract, 2 g; Agar 
technical No. 3 (Oxotd), 20 g These were dissolved m 11 of drstrllcd water and the pH 
adjusted to 5 4 before autoclavm, * Cultures were incubated at 30°C for 5 days and 
then stored at 4°C untrl required Subcultures were prepared at intervals of 4 weeks_ 

Orgamsms were grown on the following medium to obtain spores: KH,PO,, 
2 0 g; KNO,, 2 0 g; CaCl,, 0 25 g; yeast extract, 5.0 g; glucose, 10.0 g; bactocasammo 
acids, 5.0 g; metals solution_ O-1 ml; distilled water, to 1 1. The medmm was adjusted 
to pH 5 4 before autoclavmg. The metals solution was made up as follows_ MgSO,, 
O-5 g; ZnSO,, O-02 g; FeSO,, 0 02 g; MnSO,, 0 01 g; CuSO,, 0.05 g; water, to 10 ml. 

The medium for the assay of methanol was made up as follous- glucose, 4 g; 
pectin (citrus pectin, rapid set-type 104; Bulmer Ltd , Hereford, Great Bntain), 1 g, 
soya peptone, I g; chloramphenicol, 100 m g; chlortetracyclme, 100 mg; I 0/0 phos- 
phate buffer pH 7 0, to 100 ml_ 

Plate counts for viable spores were carried out on the followmg medmm- 
maltose, 38 g; yeast extract, 2.5 g; mycological peptone, 8 g; malt extract, 2.0 g; agar, 
20 g; distilled water, to 1 I_ The medium was adjusted to pH 5.4 before autoclavmg 

Growth of spores 
The sporulation medium (200 ml) was placed in Roux flasks. inoculated with a 

loopfttl of organisms from the slopes and incubated at 30°C for 3 weeks At the end of 
this period a thick mycelial mat covered with spores was obtained. A spore suspen- 
sron was obtained* and microscopic exammation was carried out to ensure the ab- 
sence of mycelial contamination. 

The spores were stored a.s stock suspensions at 0°C unttl required, and to 
maintain a high level of viable spores fresh stock suspensions were prepared every 3 
months. 

Before use the spore suspensions underwent heat shock actrvatron at 50°C for 
25 min’_ 

Producrion of methanol 
Ahquots (100 ml) of the assay medmm were placed in 500-ml Erlenmeyer 
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flasks_ Fifty ml of spore moculum were added and the flasks were mcubated at 30°C 
on an orbrtal mcubator at a speed of 150 rpm for I5 h. After this time, fungal 
germmation and pectmesterase actiklty were stopped by placmg the flasks m a water- 
bath at 80°C for 10 mm Control flasks were Inoculated with 50 ml of stenle datrlled 
water_ 

The methanol produced was separated from the growth medmm by dralysrs 
across a Vrsking membrane using a modrficatron of the dialysis cell method of Lee 
and Wrley6 The dralysrs cell consists of two poly(methy1 methacrylate) half-cells 
separated by a Vrskmg membrane_ Each half-cell has an mjectron port and a cavrty 
wrth a volume of 5 ml The contacting surfaces were smeared lightly wrth s&cone 
grease and the front half of each cell was loaded with 3.0 ml of culture medmm The 
rear half of each cell was loaded with an equal volume of drsttlled water and the 
mJectron ports were sealed The cells were then rotated on a revolvmg power umt at 
70 rpm and 30°C for 4 h At the end of this trme the concentratron of methanol m the 
two halves of the cell IS equal 

Estmatton of ntethattol 

Methanol was estimated by gas-hqurd chromatogrdphy (GLC) on a Pye 104 
chromatograph using a hydrogen flame detector_ The column (1 SO cm x 6 mm, I D 
was packed with Porapak Q (SO-100 mesh, Waters Assoc ) The column was operated 
rsothermally at 110°C with the detector system at 140°C usmg mtrogen (flow-rate 20 
ml/mm) as tamer gas 

A sampIe of IO ~1 was InJected and the methanol wds determined from peak 
areeds calculated by tnangulatron _ lo An equal volume of a standard solunon of pun- 
fied methanol was InJected into the column before and after each test sample, and the 
amount of methanol in the test sample was then calculated Each run lasts approur- 
mately 5 mm 

E\-perintental procedure 

The master spore suspension for each orgamsm was randomly diluted lO- 
7 - 10’ spores per ml Each spore suspensron was then mechamcally shaken for 20 mm 
to drsperse clumps Ahquots of each sample were SubJected to the followmg sequence 

(a) A total spore count using a Helber chamber. 
(b) A plate count for vrable spores using the medium described earlier 
(c) A dry weight determinatron of the spores m each test sample 
(d) Portions (50 ml) of the spore suspension were then maculated aseptrcally 

tnto 100 ml of the methanol assay medkum and shaken at 30°C for 1.5 h 
(e) An ahquot of(d) was taken and the dry weight of the growmg mycehum 

after 15 h incubation was determined. 
(f) An aliquot of (d) was taken and the methanol was determmed after 15 h 

mcubatron. Methanol produchon could then be described as pg/ml per mg dry weight 
of myce!rum 

RESULTS 

The productron of methanol as a fun&on of the size of spore moculum for each 
strain is shown in Figs 14. 
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10 20 30 
METHANOL(p/ml) 

Fig_ 1. The mfhence of mocuium size on methanol production for A nlger_ See text for expertmental 
procedure_ 

Fig_ 2 The tnfluettce of moculum sue on methanol production for A j2aw.s I5959 See te..t for expen- 
mental procedure 

The resuhs show that an increasing spore concentratron hberates an increasing 
amount of methanol into the medium, reaching an upper limit when the spore con- 
centration is inkritely large. As no methanol is produced when stenle water 1s used as 
inoculum, then the curve wdl pass through both axes. 

The results shown in Fogs. l-6 can therefore be described by the equation” 

y = Ce-E (1) 

wherey = log,, of the initial spore number per ml, x = amount of methanol released 
at the end of the mcubation penod &z_kni) and C, e and B are all constants. 

Eqn. 1 may be transformed to 

log,,_v = Iog,,C - ; (2) 

and a plot of log,, y against i/-r should give a straight line. When this was done using 
the results shown in Figs- 14, straight line plots were obtained whose slopes and 
intercepts are shown in TabIe I. The six lines were ahnost paral!eL the slopes having a 
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FIN. 3 The mbence of moculum sue on methanol productIon for 1 jlarus 86769 See text for eupen- 

mental procedure 

Fig 4 The Influence of moculum we on methanol production for A Jaws 3917Sa See text ior expen- 
mental procedure 

standard deviatton of - 1.2576 fr 0 063_ The Intercepts were not identical and cor- 
respond to spore numbers rangmg from 4 7 x 10z to 7 2 x IO5 

It was thought that the methanol production by vanous strams might be a 
more conststent property d tt were related to some character mdtcatmg the gerrm- 
natton rate of the spores, for example, protem content or mycehal dry weight at 15 h 
(the penod of mcubatton). 

This was camed out measurmg methanol productron per mg of dry weight of 
mycelium at 15 h mcubation The resu!ts for mdtvtdual spectes are shown m Table II 
usmg both log,, dry weight of spore material and log,, iog,, spore numbers ver.sus 
the reciprocal of methanol productton. 

The results were then pooled and plotted as a smgle hne (Table II and Fig 7) 
for each set of data- 

Once the level of methanol produced has been estabhshed these relationships 
may be used to determme spore numbers m an mocuhun_ The results obtamed (Table 
III) are in good agreement with those obtamed by standard surface plate methods 
which took 48 h. 
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Fig 5 The miluence of moculum sze on methanol production for A nr&kn.s See text for expenmental 
proadure 

FIN 6 The mtluence of mocdum see on methanol producaon for ri fuchuensrr Inur See text for expen- 

mental procedure 

DISCUSSION 

The presence of spoilage fungi in grain and cereals represents a mqor problem 
for mdustries producing or usmg these comrnodihes Due to the toxic nature of some 
fungal metabolites, rapid analysis for the purpose of quahty control 1s obwously 
highly desirable 

One method for the rapid estimation of fungi 1s the determmahon of 

TABLE I 

COMPARISON OF THE RESULTS SHOWN IN FIGS l-6 PLO-l-TED AS LOG,, LOG,, SPORE 
NUMBERS AG_AINST THE RECIPROCAL OF MEJXANOL PRODUCT-ION US’EiG EQN 2 

OlgCZJlLW?Z sope Zntercepr CorreZanon Sramikrd 

coq_%ctint &VZdlOR 

A_f‘hw 3917Sa -122s 0 883 -0946 0023 
A_ luger -1328 OS42 -0 952 0021 
A_jlaY!u 15959 - I_305 0 SSl -0 921 0 026 
d_ luchutXsis Inui - 1.75 OS16 -0 914 0016 
ri_ jiblus 86769 -1239 0913 -0342 002 
4_ nIdikns - 1.160 0 853 -0 937 0011 
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TABLE II 

COMPARISON OF THE RESULTS OF PLOTTING LOG,, LOG,, SPORE NUMBER OR LOG 
MYCELIAL DRY WEIGHT AGAINST THE RECIPROCAL OF MEfHANOL PRODUCITON 

Orgamsm 

A JIarus 39 178~1 
A nrger 

A flaws 15959 
A luchuenw Inul 
A flnvus 86769 
A nldukms 
All Slrt Or$gnlsms 

log,, dry welghr logI Iag,, (spore number per ml) 
vs rt?crprocaI metha& zs recrprocal methanol 

siope Znfercepl Correiaxron Slope Inrercep1 Correlatrorr 
coefficten fl coefficrem 

-662 1034 -0993 -0 741 0701 -0 97.5 

-664 1098 -0999 -0725 0706 -096s 

-641 I 076 -0 995 -0 721 0704 -0 976 

-655 1094 -0997 -0 712 0704 -0984 

-682 1 127 -0 986 -0 733 0 703 -0 979 

-706 1 106 -0 957 -0 745 0 710 -0 973 
-6 727 1078 -0 988 -0-739 0706 -0 963 

chItm’““. 2%~ method is rapld, requn-mg 4-5 h, but It suffers from several serious 
drawbacks High levels of contammation are reqmred to produce sufficrent chltm for 
analysis, and the method does not dlstmgxh arable from non-wable spores. A fur- 

ther problem IS that the chitm found m msects which frequently Infest stored products 
would interfere with the use of chtm as an index of funga1 contamination 

Fxg_ 7 Cahbratlon curve obtamed usmg data from alI SIX specres The calrbrahon tune IS based on eqn Z 
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TABLE III 

COMPARISON OF SPORE NUMBERS IN SPORE SUSPENSIONS BETWEEN SURFACE PLATE 
METHOD AND USING DRY WEIGHT OF SPORES AND LOG,, LOG,, SPORE NUMBERS 

Two suspensions of each of the SIX o rgamsms ore prepared by random dduhons- In add&on tuo suspen- 
s~ons m.ere prepared by rmung spores of all sx orgamsms at random_ When usmg the dry we&t method a 
caIibrarron cone of dq weight and vlabie spore number 1s neasary. 

Ol-glUIUItl Spore numbers per ml (mean _L srandard devtatron) 

Surf&e pIaIe 

merhod 

Use of spore 
de ae:&f 

_+Lj7L7ws I 950 5 350 1123_L372 1386 _L 544 
391iSa 2 1100 = 270 1002 _L 274 1295 + 30s 
A. nrger I I90 _L 47 205 5 53 312 + 104 

2 4800 r 420 5041+480 4606 5 60s 
A_f7am 1 11ooo~z7oo 10217 * 2729 9711 = 3063 
15959 2 600 2 130 689 & 160 874 c_ 187 
A_ hxhueaws 1 8600 + 1100 9IS2 2 1504 1224s 2 4338 
Inui 2 38ooot_6400 36815 + 5775 42253 f 6280 
A_ J’m-zu I 180 _L loo 270 _L 99 264 + 119 
86769 2 77oclo IT 13800 9111.5 +_ 8851 105056 & 24630 
_-I_ nrdulanr 1 840 = 152 915 f IS6 1243 f 331 

2 570000 = 56000 5625OO = 62250 510700 + 46175 
M1rture of ali 1 4iooo _L 11600 57915 5 12777 64103 _L 12193 
6oqamsms Z 990 r 320 1195 5 30s 1632 f. 546 

Time 4Sh 19 h 19 h 

The method descrrbed in thrs paper, although not as rapid as the ch1t.m 
method, has the advantage of distinguishing viable from non-viable spores, and as it 
measures dormant vrable spores capable of germmation it IS also predrctive, I e., rt can 
ghe an indicatron of possible sources of contamination in the future. A further 
advantage is that it is Linear over a wide concentratron range of spores, thus removmg 
the need for numerous dihitions. 

The rest&s (TabIe II) show that there 1s a good correIation (-0.958) between 
inoctium size (in mg dry weight) and methanoi production when ah the results are 
pookd. Ahhough the correlation IS not so good for spore numbers (-0-963, Table 
II), rt is more convenient as It gives a direct count of viable spores without the need for 
a calibration curve. It also allows the esnmatron of lower numbers of spores than the 
dry weight method due to the difficulties in obtaining accurate dry weight measure- 
ments when only a small number of spores are mvolved. 

An examination of Table III shows that the results obtained by this method are 
in good agreement with those obtained by traditional plate counts 

A useful point to make is that as the results for alI six species of Aspergibs are 
so similar, it is therefore not necessary to identtfy the organism to species level when 
counting. A count may be made on a worst possibIe predktion basis, i.c, the assump 
Ocril can be made that ah species are toxigemc and the material can be accepted or 
rejected on the basis of the spore count alone, 
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