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The safety of Aspergillus oryzae used in industrial fermentations of food-grade products has long been
recognized. However, production of fungal toxic secondary metabolites is strain-specific and
environment-dependent. For these reasons, the present study aimed to conduct a mycotoxicological
study of the strain H/6.28.1 of A. oryzae (from the collection of the Cuban Institute of Sugar Cane
Derivatives Research), intended for use as microbial feed additive for ruminants. Analysis of
mycotoxins in fungal culture extracts was carried out by thin layer chromatography and high-
performance liquid chromatography. Results show that the strain under study does not produce
detectable levels of aflatoxins B4, By, G, G; and "ochratoxin”. Cyclopiazonic acid was detected at level
of 14.47 pg-ml”, which has negligible toxicology significance for animal health. It is concluded that the
A. oryzae evaluated could be used as a feed additive for ruminants.
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INTRODUCTION

In the last decades, nutritionists have shown great inte-
rest in a wide variety of microorganisms that, when added
in small quantities to the diet, improve the health and the
productivity of animals (Kamra and Agarwal, 2004). This
is particularly true for the conidial fungus Aspergillus
oryzae, which have been shown to produce significant
improvements in the performance of ruminants (Wiedmeier
et al., 1987; Gémez-Alarcén et al., 1991; Humphry et al.,
2002; Kim et al., 2006; Di Francia et al., 2008).

The safety of any microbial product intended for animal
feed should be carefully evaluated. The primary issue in
the safety evaluation of these microbial feed additives is
its toxigenic potential, specifically the possible synthesis
of toxins by a particular strain that can cause health
disorders in the animals after ingestion through the diet
(Pariza and Johnson, 2001). A. oryzae is considered as
“generally recognized as safe” by the U.S. Food and
Drug Administration, andis used in several fermented foods

and enzyme preparations (Beuchat, 2001). However, my-
cotoxin production by some strains has been reported
(Blumenthal, 2004). On the other hand, the Joint FAO/WHO
Expert Committee on Food Additives (JECFA) recom-
mends that enzyme preparations derived from fungal
sources should be evaluated for those mycotoxins that
are known to be produced by strains of the species used
in the production of the enzyme preparation or related
species (Food and Agriculture Organization, 2001). In
this context, the aim of the present study was to deter-
mine the ability of an A. oryzae strain to produce some
mycotoxins that could be produced by the species, before
using it as a microbial feed additive in ruminant’s diets.

MATERIALS AND METHODS

A strain of A. oryzae (H/6.28.1, belonging to the collection of the
Cuban Institute of Sugar Cane Derivatives Research) was used
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Figure 1. Thin layer chromatographic plates from samples of culture material of Aspergillus oryzae
showing spots of: (A) aflatoxins By, Bz, G1, and G (spots 1 and 7: standards; spots 2-5: samples); (B)
ochratoxin A (spots: 1 and 7: standards; spots 2-5, samples (C) cyclopiazonic acid (spots 1 and 5:

standards; spots 2-4: samples).

The strain was previously isolated from soil and stored in Czapek
agar (pH 6.8) at 4°C. Confirmation of the strain identity was accom-
plished by DNAr digestion in the Spanish Collection of Type Cul-
tures (CECT) from the University of Valencia.

The A. oryzae strain was grown for 10 days at 25°C on Czapek
yeast autolysate agar plates (Klich and Pitt, 1988) prepared from
Czapek-Dox agar added with 5 gl yeast extract (Difco). The
combined agar and culture were then transferred to erlenmeyers of
250 ml and the mycotoxins were extracted with chloroform/metha-
nol (2:1, v/v; 50 ml per plate) by shaking for 30 min. The mixture
was filtered through anhydrous sodium sulphate. The filtrate was
evaporated to dryness in a water bath at 40°C under air stream
(Lépez-Diaz et al., 2001).

The dried extracts were dissolved in 1 ml chloroform and small
aliquots (25 pl) were screened by spotting onto silica gel plates
(Merck) along with standard solutions of the following mycotoxins
under investigation: aflatoxins (AF) B4, Bz, Gi, Gz, ochratoxin A
(OA) and cyclopiazonic acid (CPA). The standards and the samples
were spotted at 1.0 cm from the bottom of the silica gel plates, and
spaced 1.0 cm between each one. In the case of aflatoxins, 5 and
10 pl of the standard solution containing 1.0 ug ml” of each AF
were spotted. For OA, 10 and 15 pl of the standard solution (2.0 pg
ml™) were spotted. The mobile phase consisted in a mixture of
ether:methanol:water (96:3:1, v/v/v) (Soares and Rodrigues-Amaya,
1989), being the toxins detected by the presence of fluorescent
spots of AF's or OA under ultraviolet (UV) light (366 nm). For CPA,
50 and 100 pl of the standard solution (4.0 ug ml”) were spotted,
and a mobile phase consisted of ethyl acetate:2-propanol:sodium
hydroxide (50:15:10, v/v/v) was used (Lansden, 1986). When the
chromatographic run for CPA finished, the silica gel plate was dried
at 35°C for 3 min and sprayed with Ehrlich's reagent (Lansden,
1986), for observation of CPA purple spots after about 4 min. The
spots remained evident for approximately 7 min.

Quantification of the mycotoxins was accomplished in a Shimadzu
10VP liquid chromatographic system equipped with a 10 AXL fluo-
rescence detector (excitation at 360 and 365 nm and emission
above 440 and 450 nm, for aflatoxin and OA, respectively. A
Phenomenex (Torrance, CA, USA) Sinergy C18 column (4.6 x 150
mm, 4 pm) and a Shimadzu Shim-Pack CLC G-ODS precolumn (4
x 10 mm) were used. A total of 20 pul of sample extracts were
injected for determination of aflatoxin. The samples were previously
derivatizated with 100 pl of acetic acid and 200 pl of n-hexane and

filtered through a membrane (PTFE, 0.45 ym, Millex, Millipore). The
mobile phase consisted on a mixture of acetonitrile:water:methanol
(60:20:20, v/v/v) with a flow rate of 1.0 ml min". Under these
conditions, the retention times for aflatoxins were: G1: 4.275 min;
B1: 5.136 min; G2: 7.278 min; B2: 9.420 min. Determination of OA
determination was developed under the same condition, but the
mobile phase consisted on a mixture of methanol-water-acetic acid
(60:40:1, v/v/v) with a flow rate of 1.2 ml min™. A total of 20 pl of
sample extracts, previously filtered, were injected. The retention
time for OA was approximately 15.219 min. A calibration curve of
CPA was prepared using standard CPA solutions at concentrations
of 2.41; 4.82 and 9.63 ug-ml”. A UV visible SPD 10AVP detector, at
279 nm, was used. Chromatography conditions were as follows
(Urano et al., 1992): 100% of methanol:water (7:3, v/v) (solvent A)
during 5 min, later linear gradient from 100% of solvent A to 100%
methanol:water (7:3, v/v) with 4 mM ZnSO4sx7H,0 (solvent B) in 10
min, followed by 100% of solvent B for 5 min. The return of the
gradient to 100% of solvent A was reached in 15 min. A total of 20
pl of sample extracts, previously filtered, were injected at a constant
flow rate of 1.0 ml min™. Under these conditions, retention time for
CPA was approximately 5.8 min.

RESULTS AND DISCUSSION

The thin layer chromatography revealed that the strain
under study did not produce aflatoxins By, B,, Gy and G,
and OA (Figures 1, A and B). These results were confirmed
with the HPLC (Figures 2 and 3). The detection limit for
each aflatoxin (B4, B,, Gy, G2), OA and CPA were 0.5
ng-g’, 8.7 ng-g” and 5.0 ug-g" of culture material, res-
pectively (Table 1).

The non-occurrence of aflatoxins in A. oryzae cultures
was demonstrated by other authors (Murakami, 1971;
Kusumoto et al., 1990). Early studies on the factors de-
termining the aflatoxin production focused on physiolo-
gical aspects of strains, including growth temperature,
age of the culture and nutrient components in the medium
(Reddy et al., 1979). The A. oryzae strain studied was
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Figure 2. Chromatograms showing (A) Aflatoxins By, Bs, Gy, and Gz standards (20.0 ng-ml™ of
each aflatoxin); (B) Sample of culture material of Aspergillus oryzae.

cultured under favorable conditions for the synthesis of
aflatoxins (Lépez-Diaz et al., 2001). Although in the pre-
sent study no genetic approach was used, the absence of
aflatoxin production by the strain evaluated could be rela-
ted to its genetic characteristics. Previous work showed a
number of mutations within the aflatoxin biosynthesis

gene homolog cluster in A. oryzae relative to the A. flavus
sequence, including deletions, frameshift mutations, and
base pair substitutions, which induce inactivation at the
protein level and consequently impair the aflatoxin syn-
thesis (Kiyotaetal., 2011). Aflatoxin productionin A. oryzae
was reported by some authors (Adebajo, 1992; El-Kady
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Figure 3. Chromatograms showing (A) Ochratoxin A standard (402.8 ng-ml™); (B)
sample of culture material of Aspergillus oryzae.

Table 1. Analysis of aflatoxins B+, Bz, Gi, Go, ochratoxin A and cyclopiazonic acid in the
culture material of Aspergillus oryzae after 10 days of cultivation.

Mycotoxin LOD Concentration in the culture material '
Aflatoxins B+, Bz, G1, G2 (ng'g”) 0.5 ND
Ochratoxin A (ng-g™) 8.7 ND
Cyclopiazonic acid (ug-g”) 5.0 14.5

'Mean value of 3 replicates analyzed; LOD, limit of detection; ND, Not detected in any sample
analyzed.
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Figure 4. Chromatograms showing (A) Cyclopiazonic acid standard (2.41
ug-mr). (B) Sample of culture material of Aspergillus oryzae containing 12.0

Hg'g

et al.,, 1994; Atalla et al., 2003). However, it is possible
that these aflatoxin-producing strains were incorrectly
identified as A. oryzae because of the close taxonomic
relatedness between this fungus and other members of
A. flavus group (Blumenthal, 2004).

The absence of OAin our study agree with those observed
by Lane et al. (1997), who also didn’t find this toxin in
various batches of the enzyme preparations. Ochratoxins
were first known to be produced by species from Section
Circumdati (A. orchraceus group) (Cole and Cox, 1981).
Moreover, the production of this toxin was repeatedly

reported in Section Nigri (Martinez-Culebras et al., 2009),
which stress the importance of testing the ochratoxin
production in Aspergillus-derived enzyme preparations.
All samples showed spots corresponding to the CPA
standard onto TLC plates (Figure 1C), which were there-
after confirmed and quantified by HPLC. The mean con-
centration of CPA in the samples was 14.5 pg-g” (Figure
4). Production of CPA by A. oryzae was firstly reported by
Orth (1977), and subsequently by otherauthors (Vinokurova
et al., 2007). Although the molecular genetics of CPA bio-
synthesis have not been as well studied as for aflatoxins



biosynthesis, some essential genes for the toxin pathway
in the CPA-producing A. oryzae have been identified
(Christensen et al., 2005; Tokuoka et al., 2008). It is pre-
sumed that some chromosomal deletion that affects
aflatoxin production A. oryzae strains can also affects
CPA production (Tokuoka et al., 2008; Chang et al., 2009).
On the other hand, only a certain group of aflatoxin-
nonproducing strains have the potential to produce CPA
(Kusumoto et al., 2000; Tokuoka et al., 2008). According
to the results obtained in our study, the evaluated strain
seems to belong to this group. Production of CPA in A.
oryzae was reported to start nearly 50 h after inoculation,
reaching maximum levels in two weeks (Goto et al.,
1987). Fondevila et al. (1990) reported that fermentation
extracts of A. oryzae extracts remains in the rumen for
less than 24 h. There-fore, when using A. oryzae as feed
additive for ruminants, the short duration of the fungus in
the rumen would not be enough to allow the production of
secondary metabolites such as CPA and cause toxic
effects.

Conclusions

The A. oryzae strain tested does not produce detectable
levels of aflatoxins By, By, Gy or Gy, and ochratoxin A.
Although cyclopiazonic acid was detected in the fungal
extracts during 10 days of cultivation, the amount produ-
ced is of negligible toxicology significance for animal
health, taking into account the short period of the fungus
in the rumen. The A. oryzae strain tested therefore could
be used as a feed additive for ruminants.
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