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ABSTRACT

The relationships between fungal growth and ergosterol content and between aflatarth&Broduction

and ergosterol content were verified in corn grains. In the first experiment, fungal growth and ergosterol
content were monitored during incubation of corn grains presenting water activities gfdh8%a92gat

25°C over a period of 18 days. For the TaiGba variety, the fungi growth and ergosterol content increased
more rapidly for 0.92athan 0.85a Maximum ergosterol levels were 2.8 and 4.6 ug/g, respectively, for
0.85a and 0.92a For the Cargill hybrid 606, a more pronounced increase in fungal growth was verified just
at the end of the incubation period, mainly for 0.92&en an acentuated increase in ergosterol content
was also observed. Maximum ergosterol levels detected were 1.6 pg/g and 5.8 pg/g, respectively, for 0.85a
and 0.92a There was a significant correlation between ergosterol content and log of'GeOP24 but

not for 0.85 a. In the second experiment, samples of corn grains of the Tailba variety atdh8Ta95a

were inoculated with a toxigenfspergillus flavustrain and incubated at 25°C. Ergosterol levels reached
maximum values of 12.1 and 73.4 pg/g, respectively, for Q &7&0.95a In both water activities, content
aflatoxin B, followed the same trend as ergosterol. For the aflatoxithiB trend was not observed.
Ergosterol assay appears to be a useful test to measure fungal growth and to indicate the possibility of
aflatoxin production in corn grains.
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INTRODUCTION indicate prior invasion by fungi and possible presence of
mycotoxins (2). The use of faster chemical methods is becoming
Corn, the main cereal crop in Brazil, is extremely susceptibieore necessary. The ergosterol method has been proposed as
to fungal deterioration and mycotoxin contamination due to ttan alternative for estimating fungal growth. It is fast and presents
climatic conditions that prevail during harvesting, drying antigh sensitivity and specifity. However, more information is
storage and also to the intrisic caracteristics of this cereal (dgeded on the relationship between ergosterol content and
The level of contamination of grains by fungi is therefore, aiungal growth as measured by the serial dilution technique
important aspect to be considered when evaluating the quatitgditionally used to evaluate fungi in foods. Futhermore, the
of corn for human or animal consumption. The most commaelationship between ergosterol content and mycotoxins
methods for detection and fungi quantification in grains are tipeoduction needs to be determined. To#hitl. (13) verified the
serial dilution technique and the direct plating of grains. Howeveatgosterol content in naturally moldy wheat grains presenting
these methods are time consuming and do not detect non-vidhB5 and 0.95 water activities incubated at 25°C up to 10 to 16
mycelia fragments and heat damaged mold structures, whiddlys and observed that the ergosterol content increased more
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rapidly in grains at 0.95dhan at 0.85a There was a significant loop and suspended in a tube containing sterile phosphate
correlation between ergosterol content and total funghuffer solution with 0.05% Tween 80. The spore suspension
population (CFU.g) at 0.95g but not at 0.85a Schniirer and was adjusted to contain 18pores/ml. Spore numbers were
Jonsson (8) also verified a positive correlation between colodgterminedising a Neubauer chamber and plate counts of the
forming units and the ergosterol concentration in wheat. Tlsaspension were determinated on AFPA medium (7).
correlation level using DG18 medium (0.9b&as higher than For each water activity 300g of corn grains were inoculated
using MEA (0.99@). The determination of ergosterol is alsowith 1 ml of the spore suspension containing sidres/ml.
valuable in correlating fungal activity to synthesis of fungalrhe glasses with the grains were shaken for 5 minutes and
secondary metabolites such as aflatoxins, alternariol apthced into dessicators with saturated solution of potassium
zearalenone (10,14). Gourama and Bullerman (3) verified a posits@dium tartrate (87% of relative humidity) or lead nitrate (95%
correlation between fungal growth and aflatoxinpBoduction  relative humidity) (15). The dessicators were incubated at 25°C
in rice stored under controlled conditions. Thus, the objectivés 18 days. Samples were periodically removed for analyses of
of this work were to verify the relationship between mold growtbrgosterol, total fungal populations and aflatoxins. Three
(mesured by the serial dilution technique) and the ergosterepetitions were carried out for each treatment analyses.
content and between the production of aflatoxins and the

ergosterol content in corn grains. Fungi
Fungi were enumerated by homogenizing 25g of grains in
MATERIALS AND METHODS 225 ml of peptone water, serial diluting 1ml in 9ml of the same
diluent and spreading 0.1ml aliquots on DRBC (Difco, Detroit,
Raw material Mi., U.S.A) and DG18 (3) agar media. In the second experiment,

The experiments were conducted with corn grains of tlamly DG18 was used. Plates were incubated for 5 days when
Tailba variety produced at the Experimental Station of Capimgi were counted.
Bonito of the Instituto Agronémico de Campinas-S.P.- Brazil
(IAC) and the hibrid Cargill 606 produced at the Experiment&rgosterol determination
Station of Campinas of IAC. The two corn samples were freshly- Extraction and analyses of ergosterol were done using a
harvested and sun-dried. They were cleaned and homogeneinethod based on Se#r al (9) with some modifications. One
in the Boerner homogeneizer and kept frozen in plastic bagdandred ml of methanol were added, to 50 grams of a ground
-20°C until used. The initial moisture content of the samplesmple mixed for 2 minutes in a blender and filtered through a
were 14.4% (wet basis) and 14.8% (wet basis), respectively, fitter paper Whatman 41. The residue in the filter paper was

the Tailba variety and for the hybrid Cargill 606. transfered to the blender to which 50 mL of methanol was added
and agitated for one minute. The mixture was filtered and the
Experimental methodology procedure repeated again. The mixture was then saponified with

The relationships between fungal growth and ergoster®D grams of potassium hidroxide and 50 mL of ethanol in a water
contents were verified for the Taiuba variety and for the Cardiath at 70°C for 30 min. The bottle was cooled to room
hybrid 606 during incubation at 25°C for 18 days. Enougiemperature and 50 mL of water was added. The mixture was
amounts of sterile distilled water were added to 3kg of grainstiransfered to a 200 mL separating funnel to which 100 mL of
order to modify the,ato 0.85 and to 0.92, equivalent to 17% angetroleum ether was added. After shaking, the mixture was
20% water content. The grains were kept at 4°C for five dagiowed to settle and the upper petroleum ether fraction was
and shaken regularly to obtain a uniform water content. Foollected. This process was repeated with 50 mL of petroleum
each water activity, 300g of grains in glass recipients were placgtier and this solvent was evaporated to dryness using a rotary
in desiccators with saturated solution of potassium clorate (85%%aporator. The residue was dissolved in 2 mL of acetonitrile/
relative humidity) or sodium tartrate (92% relative humidity)sopropanol and injected into a HPLC chromatography
(15). The desiccators were incubated at 25°C for 18 days. TBéimadzu LC-10AD). For the chromatography, the conditions
samples were periodically removed for analyses of ergostevetre: binary solvent system (LC-10AD), Rheodyne valve with
and total fungal populations. Three repetitions were carried af0uL sampling lift; guard column, Lichrospher 100-R@x34
for each treatment. mm, 5 mm) (Merck, Germany); monomeric column Lichrospher

The relationship between aflatoxin production and00-RP18 125 x 4mm, 5um) (Merck, Germany); isocratic mobile
ergosterol content was verified in the Tailba variety bghase of acetonitrile-isopropanol (70:30, v/v), flow of 1.0 mL/
inoculating the grains with a strain Aspergillus flavughat min; diodo array detector (SPD-M10A), fraction colector (FRC-
produced Band B aflatoxins, isolated from a corn sample10A), oven column (CTO-10A) and software (CLASS-LC10) for
Cultures of the organism were grown on CZAPEK agar slartse peaks integration. Absorbance spectra were taken in the
(Oxoid) for a week. Spores were harvested with an inoculatinange between 190 and 300 nm and the cromatograms at 282 nm.
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The ergosterol peak was eluted at about 15 minutes. All solverfls
were of P.A. grade for extraction and sample preparation ar§L
HPLC grade for cromatography analyses. The solvents were
filtered and deaerated in an ultra-sonic apparatus before ude’]
The quantification was made by external standardizatiog -
(ergosterol from Sigma, United States) and the calibration curve B
was built from 1.0 to 20.3 pg/ml. The curve was linear an
covered the concentration range of the samples. The methdd
recuperation was in average 95%. 3

Aflatoxins 2

Aflatoxins analyses were carried out by thin layerq -
cromatography according to the methodology described bé’
Soares and Rodrigues-Amaya (11).
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Statistical analyses _ __Figure 2. Changes in ergosterol content and total fungal
Correlation coeficientes were calculated using the Stat'St'Bﬁpulations in corn of the Taitiba variety incubated at Q8% a

software (12). 18 daydllog CFU DG18¢ log CFU DRBCA ergosterol (ug/kg).

RESULTS AND DISCUSSION

Figs. 1 to 4 show the changes in ergosterol content ang
total fungal populations on DRBC and DG18 agar media for the8

Tailba Variety and Cargill Hybrid 606 corn grains. The results; |
were not consistent for the two corn samples used in this study.
For the Tailba variety the fungal growth and ergosterol conterf® ]
increased more rapidly at 0.9Q2than at 0.85a Ergosterol 5

reached maximum values of 2.8 and 4.6 ug/g for (.85d
0.923, respectively.
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Figure 3. Changes in ergosterol content and total fungal
populations in the corn hybrid Carill 606 incubated at 0,86ra
18 daydlllog CFU DG18¢ log CFU DRBCA ergosterolc (ug/kg).

7 For the Cargill hybrid 606 a more pronounced increase in
fungal growth was verified by the end of the incubation period
in both water activities and an acentuated increase in ergosterol

1 A content was observed at 0.92 Maximum ergosterol levels

were 1.6 and 5.8ug/g, for 0.85nd 0.92g respectively.

0 ' ' ' ' ' ' In both corn samples a significant positive correlation
0 3 6 9 12 15 18 21 (probability level of 5%) between ergosterol and fungal growth
was observed at 0.928ut not at 0.85,an the two media studied

Figure 1. Changes in ergosterol content and total fungglable 1). A positive correlation between numbers of colony

populations in corn of Tailba variety incubated at 0,86rcl8  forming units and ergosterol concentration was also found for

daysHl log CFU DG18¢ log CFU DRBCA ergosterol (ug/kg). wheat grain naturally contaminated and stored at Q33
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9 Table 2. Total fungal populations, ergosterol content and
8 - aflatoxins production in corn grains (TaiGba variety) with Q,87a
. stored at 25°C up to 18 days.
0.87 aw
Days log cfu/g Erg AFB; AFB;
(DG18) (ng/g) (ng/kg) (ng/kg)
0 54 2.1 traces traces
3 7.3 2.5 traces traces
9 7.5 3.6 13.1 traces
12 8.0 8.6 427.6 20.5
15 7.5 12.1 701.0 nd
18 5.5 4.9 59.4 nd
0 . . . . . . n.d.= not detected; traces= < 2ug/kg.

0 3 6 9 12 15 18 21

Figure 4. Changes in ergosterol content and total fungdlable 3. Total fungal populations, ergosterol content and
populations in the Cargill hybrid 606 incubated at 0,92&18 aflatoxins production in corn grains (Tailba variety) with Q,95a
daysHl log CFU DG18¢ log CFU DRBCA ergosterol (ug/kg). stored, at 25°C up to 18 days.

0.95ay
Days log cfu/g Erg AFB; AFB;
Table 1. Correlation coefficients of the relationship betweenr (DSGi i) (n ?‘{g) (f glke) (? gke)
ergosterol concentration and total colony forming units (CFU) 3 8.2 | 3'0 ézz: tﬁg:
for naturally contaminated corn gram.s. . 9 33 249 62.0 traces
Type of grain Wgtér Correlation coeficients 12 8.3 73.4 640.7 22.4
activity DRBC DG18 15 7.5 12.1 nd nd
Taitiba variety ~ 0.92  0.73 (p<0.05)  0.72 (p<0.05) 18 3.1 4.9 nd nd
0.85 0.38n.s. 0.22 n.s. n.d.= not detected; traces = <2ug/kg.
Cargill 606 0.92 0.88 (p<0.05) 0.78 (p<0.05)
0.85 0.52 n.s. 0.24 n.s.
n.s. = not significant (p>0.05). counts of colony formig units per gram increased, in general, in

the first 12 days, reaching a maximum of 8.0 and 8.3, for).87a
and 0.95a respectively. The fungi growth was higher at 0,95a

partially moulded wheat grain (6) and in swedish grains (8s expected. After reaching the maximum value, the counts, in
Schnurer and Jonsson (8) also found a higher correlation wiggmeral, began to decrease. The same pattern was observed for
numbers of CFUs were determinated on DG18 than on ME#he ergosterol levels, that reached maximum of 12.1 ug/g and
In this present study, no diferences in correlation were fou®.4 pg/g after 15 and 12 days of storage, respectively, for,0.87a
between the two media studied. Lesageal. (5) found that in and 0.95a Aflatoxin B, was detected at the nineth day of
drier grains, ergosterol only increased markedly after 15 daysstrage for both water activities while aflatoxisvigas detected
0.844a, and after 60 days at 0.74dn our experiment, no only in the twelfth day. After reaching the, maximum values
pronounced increase in ergosterol content was verified over there was an accentuated degradation of aflatoxinrBe
18 days incubation period at 0.8§5a both corn samples. highest aflatoxin Bconcentration was reached more rapidly at
Cahagnieet al (1) showed that ergosterol levels in good qualit®.95g, than at 0.87a After incubation for 18 days we observed
wheat and barley were about 4 to 5 pg/g, while for maize thepartial degradation of aflatoxin Bt the 0.87aand after 15
content was much lower, at approx. 0.5 pg /g. They suggestiys a total degradation was observed. The assays that showed
ergosterol thresholds for initiation of spoilage of about 10 tie highest ergosterol levels were the same where the highest
12 pg /g for wheat and barley and 5 to 8 g /g for maize. aflatoxin B, contamination was detected. In general, we

The relationship between ergosterol and aflatoxingbserved a good correlation between ergosterol content and
production was verified by monitoring corn samples inoculateaflatoxin B, production, that is, increases in ergosterol contents
with a toxigenic strain ofspergillus flavusand stored for 18 were followed by increases in aflatoxin Broduction. The
days. The effects of water activity on fungal populations arfighest ergosterol level corresponded to the treatment where
ergosterol content are summarized in Tables 2 and 3. The logifidtoxin B, was detected (12 days of incubation for both water
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activities). Gourama and Bullerman (2) also verified a positivéa de 0,87 e 0,95. Em ambas Aa testadas, a producédo de

correlation between fungi growth and aflatoxin@oduction aflatoxinas e o teor de ergosterol apresentaram as mesmas

in rice under controlled conditions. tendéncias, ou seja, o0 aumento nos niveis de ergosterol foi
Ergosterol assay appears to be a useful test to measarempanhado pelo aumento na producéo da aflatoxiRai

fungal growth and to indicate the possibility of aflatoxira aflatoxina B essa tendéncia néo foi observada.

production in corn grains. In our study we verified that substrate

condition can also affect this relationship as the ergostef®alavras-chave: milho em gréos, ergosterol, crescimento

increase was much faster in the Tailba variety sample whiithngico, aflatoxinas

was of poorer quality than the hibrid Cargill 606.
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