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ABSTRACT

The aims of this work were to isolate fungal stsdirom agriculture soil samples, to screen theitimicrobial and
antiaflatoxigenic activity, to identify and evaleathe antimicrobial and antioxidant activity of théioactive
potential secondary metabolites. Five fungal stsaivere isolated from soil samples collected fraffer@nt areas
in Mansoura, Dakahlia governorate, Egypt. Only tebthe isolated fungal strains showed high antimidal
activities against several microbial pathogenic marganisms and they also showed antiaflatoxigexgtvities.
These promising isolates were identified using owér identification technique as Aspergillus nigand
Aspergillus fumigatus. Bioactive secondary metabshvere extracted from these fungal species aodesh strong
antimicrobial activity against several microbial th@gens, as well as variable antioxidant propertgsl total
phenolic content. Twenty-six compounds were idedtffom the ethyl acetate extracts of the myaglithe shaken
culture broth of Aspergillus niger by Gas Chromatquhy-Mass Spectrometry analysis. It could be aohell that
the two fungal species isolated from the Egyptiamirenment and their crude extracts may be consder
promising candidates for food application due teitlantimicrobial, antioxidant and total phenoliomtent.

Keywords: Fungi; Aflatoxin B; antimicrobial activity; antiaflatoxigenic actiyit antioxidant capacity; total
phenolic content; food contaminants

INTRODUCTION

Agricultural commodities such as legumes, cereglies, vegetables and fruits are usually infegigid molds and
their associated mycotoxins during harvesting, agfer transporting and processing [1]. Several speof
Aspergillusincluding A. flavus, A. parasiticus, A. nominaad few other Aspergilli are able to produce aftate
(AFs), the well-known toxic, carcinogenic, mutagenieratogenic and immunosuppressive compounds [2].
Therefore, extensive researches concerning meftbodetoxification and/or degradation of mycotoxinfood and
feeds have been established. Several chemicaltarsicpl approaches have been developed to remouetaxns
from food and feed. However, the success of thesthads varies and they are not always economidal [3
Therefore, identification of different microorgamis has become an increasing interest to prevengringth of
aflatoxigenic fungi and consequently their mycotoproductionThus, the development of biological detoxification
methods using different microorganisms is vitainirease the safety of these foods for human copsam[4].

Useful enzymes are produced from a number of néeganic fungi such a&spergillusspecies which are able to
produce a broad range of enzymes [5]. Enzyme ptamudas been described for maAgpergillus species
including Aspergillus niger[6, 7, 8], andA. fumigatus[9]. Aspergillus nigeris one of the most important
microorganisms used in biotechnology and has beesé for many decades to produce extracellulat Bsmymes
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such as citric acid. The citric acid produced ryafnom A. nigeris considered Generally Recognized As Safe
(GRAS) by the United States Food and Drug Admiatgin [10]. Since ancient times, enzymes have hsed in
the production of food such as cheese, beer, wimtk vénegar [11]. MoreoverA. fumigatusis a widespread
saprotroph found in nature and has the ability todpce phytase, alkaline phosphatase, and acidpphatase
enzymes, which are of industrial and commercialdrtgnce [12]Aspergillus fumigatugvhich is known to produce
xylanase is a principal basic constituent in plegit walls and could interfere in many industriesl eiological
activities [13].

To accurately characterize microbial communitieSRFbased molecular methods have been used widelytbe

past two decades [14], and are considered a quidlsabtle method for specific amplification of a aertsegment
of DNA. Regardless of the culture-ability or viatyilof the microorganisms, the amplification occasslong as the
segment exists in the sample. As in other cellspsomal RNA (rRNA) genes in a microbial cell conseand

present multiple copies, thus they are consideoglilar targets for gene amplification and molecalaalysis [15,

16]. To develop a sensitive system for the detaadiomicroorganisms, PCR techniques based on rRél#eg have
been widely used [17].

Due to microbial resistance and the side effeccle#mical antimicrobial agents research has beemafoed
towards antimicrobial agents from natural sourcegl provide higher safety margins to use in thedfindustry.
Therefore, the aims of the current study were ¢ate and characterize soil fungal strains, toestit@eir ability to
prevent and degrade aflatoxin, Broduction and further to evaluate the antimicrbbétioxidant activity and
phenolic content for their bioactive potential sedary metabolites.

MATERIALS AND METHODS

Microorganisms

Gram-negative bacteri&gscherichia coli Salmonella typhiand Gram-positive bacteri@taphylococcus aureus
Staphylococcus aure®MRSA, Bacillus cereusPseudomonas aerugingsas well aCandida albicansAspergillus
parasiticsand Aspergillus ochraceusiere obtained from the culture collection of thécidbial Resources Centre
(MIRCEN), Faculty of Agriculture, Ain Shams Univéss Cairo, Egypt. An aflatoxin Bproducing fungus
(Aspergillus flavus was preserved in the Department of Food Toxiogplagd Food Contaminants, National
Research Centrd-usarium solaniand Fusarium oxysporunwere isolated from maize samples in Egypt in a
previous study [18].

Sampling

Soil samples were collected from the agricultudl kcated in Mansoura city, Dakahlia governoréies on the

east bank of the Damietta branch of the Nile, s Etelta region. Its coordinates are Latitude 314rd Longitude

31° E.), Egypt. Soil samples were taken at 10 cpttdausing a sterile spatula, in sterile plastigdbdrhe samples
were brought to the microbiology laboratory at Matil Research Center, sieved and air dried fodays at 25°C.

After drying, samples were kept at 10°C until u@dhe isolation of fungi.

Isolation of fungi

Fungi were isolated by serial dilution technique @rapex Dox Agar medium (CZA, DSMZ GmbH, Germany)
supplemented with Rose Bengal (as an antibactagaht). Soil dilution and soil sprinkle plates werged as
isolation techniques. Soil dilutions were made bgpending 10 g of each soil sample in 100 mL dfletdistilled
water. These suspensions were stirred for 30 nforéenaking 7-fold serial dilution (from T0to 10”) and aliquots
(0.1 mL) of each dilution was pipetted onto the medin the plates. Sprinkle plates were prepareditoformly
distributing the soil directly on the surface oétmedium. The plates were incubated at 4, 10 af@ &% up to 3
weeks. Fungi growing on the agar plates were tesresd by subculturing from hyphal tips, coloniesspores on
Potato Dextrose Agar (PDA, BD Difco™, MD 21152, USshants [19].

Antifungal activity of the isolates

The qualitative assessment of the antifungal effeas done using plate diffusion method [20] withmso
modification as suggested by Barakate et al. [RiLhrief, sterilized PDA medium was poured intorPplates and
allowed to dry. Fungal cultures were inoculatedrate dried surface of PDA plate. Fungal isolatesearemoved
from their agar using a sterile cork borer (9 mndiameter) and placed onto agar plate lawn withpdhogenic
microbes. The antifungal activity was determinedhimasuring the diameter of the zone of inhibition.

Antibacterial activity of the isolates

The bacteria were pre-grown on Nutrient agar (Ngn&-Aldrich, St. Louis, MO, USA) for 16 h at 37400.1°C
and the qualitative assessment of the antibacteffatt was done using plate diffusion test. Owgnhigrown
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bacterial cultures in nutrient broth were individlpydawn cultured on nutrient agar plates. Fungallates were
inoculated over the dried surface of PDA plate gisinsterile cork borer (9 mm in diameter) and pdageto agar
plate lawn with the pathogenic bacteria. The astirdal activity was determined by measuring thentbter of the
zone of inhibition.

Culture filtrate preparation

Potato dextrose broth was inoculated with fungediss SH2 and SH5 separately at 28°C under rotaaken
condition (150 rpm) for 7 days. Then, the mycelirevseparated and the culture filtrate was stedlizsing 0.2 um
filter paper. The prepared culture filtrate wasdifor the prevention and degradation of AFB

Effect of isolated fungal strains on the ability ofA. flavus to produce AFB;

The toxigenic strain oAspergillus flavusvas maintained on slants of PDA and incubate®&E Zor 7 days. Fungal
conidial suspensions (dbnidia/mL) were prepared in an aqueous solutiof.b¥% Tween 80. One mL of each of
the culture filtrate for each of the strains (SH2l &H5) was transferred into 250 mL conical flasktaining 100
mL yeast extract broth (2% yeast extract and 20%5@&e) and inoculated with 1 mL fungal conidialmerssion A.
flavug. The flasks were incubated for 7 days at 28°Ceurdtary shaken conditions (150 rpm) and a control
without the culture filtrate was also prepared.agdkin B, was extracted from culture filtrates according tsch et

al. [22]. The culture filtrates were extracted thrémes with chloroform and the chloroform extraetere
evaporated under nitrogen gas. The residue wa®lhdisk in methanol and then completely passed throug
immunoaffinity column (AflaTest, VICAM, MA, USA) ata flow rate of about 1-2 drops/second. The
immunoaffinity column was then washed twice withrD purified water at a rate of about 2 drops/sécdiution
was performed with 1.0 mL methanol and then analymeHPLC.

Effect of isolated fungal strains on AFB degradation

Different concentrations (1, 2 and 3%) of the adtdiltrates were added to a PDB containing AFRB a
concentration of 20 ppb. The flasks were incubdted3 and 8 days at 28°C under rotary shaker cammditl50
rpm). Flasks were taken at each interval and deged at 10000 rpm for 5 min. The remaining ARB the
supernatant was extracted using chloroform thmeediand then evaporated under nitrogen gas. Tikueewas
dissolved in methanol and then passed through imaiftinity column and analyzed by HPLC as mentioabdve.

HPLC conditions

The HPLC system used for AkBanalyses was an Agilent 1200 series system (ApiBarks, UK) with a
fluorescence detector (FLD G1321A), an autosample® G1329A, FC/ALS therm G1330B, Degasser G1379B,
Bin Bump G1312A and a C18 (Phenomonex, Luna 5 micidb0 x 4.6 mm) column joined to a pre-column
(security guard, 4 x 3-mm cartridge, Phenomenexal.ufhe mobile phase was water: acetonitrile: methés:1:1,
v/Iviv) using an isocratic flow rate of 1 mL/minZ&0 nm excitation and 420 nm emission wavelengths.

Molecular identification of the isolated fungal

Fungal cultures (SH2 and SH5) were identified adicy to a molecular biological protocol by DNA iatibn,
amplification (PCR) and sequencing of the ITS ragidhe primers ITS2 (GCTGCGTTCTTCAT CGATGC) and
ITS3 (GCATCGATGAAGAACG CAGC) were used for PCR wnilTS1 (TCCGTAGGTGAACCTGCGG) and
ITS4 (TCCTCCGCTTATTGATATGC) were used for sequeigcifihe purification of the PCR products was carried
to remove unincorporated PCR primers and dNTPs fROR products by using Montage PCR Clean-up kit
(Millipore). Sequencing was performed by using Bige terminator cycle sequencing kit (Applied Bidsyss,
USA) and Candida sp. was used as a control. Sequencing results imeieidually inputted online into the
nucleotide BLAST program (BLASTN 2.2.29) throughetiNCBI database (http://blast.ncbi.nlm.nih.gov/) to
identify the isolates [23, 24]. The phylogenetieetrwas constructed using ClustalW program editbe gene
sequence of the fungal isolates was depositedeitGEnBank database Asnigerstrain SH2-EGY (Accession No.
KP317994.1) and. fumigatusstrain SH5-EGY (Accession No. KP317993.1)

Extraction and isolation of fungal bioactive compounds

Erlenmeyer flasks (1L-volume) each containing 230ahPDB medium were inoculated with a fungal suspen
from 7 days old PDA slants inoculated with SH2 &15Sstrain (1 slant for 2 1L-Erlenmeyer flasks). Tlasks were
kept at 28°C using rotary shaker (150 rpm) and ésted after 7 days. Another set of flasks werebated static at
28C. The mycelia were separated from the culture mgent by centrifugation at 5000 rpm at 4°C thee t
supernatant was extracted with ethyl acetate. Hewekie mycelia were extracted with acetone angaeded then
the residual aqueous portion was extracted witlyl edlcetate. All the ethyl acetate extracts werepevated
separately in vacuo till dryness. The methods tfagkion of the crude extracts and the isolatesl ase mentioned
in Table (1).
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Determination of biological activities of theA. niger and A. fumigatus isolates crude extracts

Antimicrobial activity

The antimicrobial activities of crude extracts b tbioactive secondary metabolites were testednsigéour
different microbial strains. The obtained extragese dissolved in methanol and filter paper dig&cmn diameter,
Whatman No.1) were saturated with 10 pL from eadhact [20, 25] then dried for 1 h at room tempame under
sterilized conditions (final extract conc. was 10 per disc). The paper discs were placed on iatedilagar plates
with the tested microbes and incubated at the spjate temperature and time for each microorganiBoth
bacterial and yeast strains were grown on nut@gatr (DSMZ GmbH, Germany) medium. After the incidrat
period, the diameter of the growth inhibition zomess measured averaged and the mean values werdedc

Determination of total phenolic content

The total phenolic content was determined usingnF@localteu’s reagent using Gallic acid as stadddrhe
reaction mixture was composed of pl0of crude extracts of the bioactive compounds (260mL), 250ul of the
Folin-Ciocalteu's reagent and 0.75 mL of sodiunboaate (20%). The mixture was shaken and made @f taL
using distilled water then allowed to stand forr& &nd the absorbance was measured at 765 nmetalirdinations
were carried out in triplicate and the total phémobntent was expressed as mg gallic acid equivé(@AE) per g
dry extract [26].

Determination of total antioxidant capacity

The antioxidant activity was determined according phospho-molybdenum method, using ascorbic acid as
standard. In this method, 0.5 mL of each crudeaektof the bioactive compounds in methanol (200'mL) was
combined in dried vials with 5 mL of reagent sauati(0.6 M sulfuric acid, 28 mM sodium phosphatej 4nmM
ammonium molybdate). The vials containing the tieacmixture were capped and incubated in a theblwk at
95°C for 90 min. After the samples were cooled dom temperature, the absorbance was measured atr895
against a blank. The blank consisting of all reag@md solvents without the sample was incubateiguihe same
conditions. The antioxidant activity of the extsaetas expressed as the number of equivalents oftascacid
(AAE) per g dry extract [27. 28].

Determination of Reducing Power Antioxidant Assay (RPAA)

The spectrophotometric method described by Feredita. [29] was used by mixing 2.5 mL of eachltd trude
extracts of the bioactive compounds with 2.5 mL ggfate buffer (0.2 M, pH 6.6) and 2.5 mL of 1% getam
ferricyanide (10 mg/mL). The mixture was incuba#d0°C for 20 min, then rapidly cooled, mixed watb mL of
10% trichloroacetic acid and centrifuged at 650@ fpr 10 min. An aliquot (2.5 mL) of the superndtams diluted
with distilled water (2.5 mL) then ferric chlorid6.5 mL, 0.1%) was added and allowed to stand omin. The
absorbance was read spectrophotometrically at #@Caacorbic acid was used as a standard and thenpage of
reducing power was calculated using the formula:

A control — A sample

A contral

Reducing power (%) =

Where: A control was the absorbance of the solutiithout the extract and A sample was the absomavith
different dilutions of the sample and the redugdogver and was reported as ascorbic acid equivpemgm of dry
sample [26, 28, 29].

Identification of chemical composition of the crudeextracts by GC-MS
The most promising crude extract (1) that showaghlantioxidant and phenolic content activitiessvemalyzed by
a coupled Varian gas chromatography/ mass spedmpr(ieerkin Elmer Auto XL GC, Waltham, MA, USA)
equipped with a flame ionization detector to idigntheir chemical composition. The GC conditionsrevean
EQUITY-5 column (60 m x 0.32 mm x 0.28n); H, carrier gas; column head pressure 10 psi, the taraperature
was maintained initially at 70°C for 2 min, and nherogrammed from 70 to 250°C at a rate of 3°C/riine
ionization voltage was 70 eV, mass range m/z 39&00. The identification of individual compoundssiazased
on their retention times relative to those of aaotlwesamples and matching spectral peaks availalile the
published data [30].

RESULTS AND DISCUSSION

Isolation of fungi

A total of five fungal isolates were identified npbologically asAspergillusgenera and given laboratory codes.
These results are similar to those of Thompson.dB4] who reported that the most frequently iseth fungal
strains wadA. fumigatudollowed byA. nigerfrom the soil of ornamental plants. Similar obs¢ion was reported
by Ratnasri et al. [32] and Sarkar and Aikat [QlovisolatedA. fumigatusfrom soil samples. On the other hand, 104
different strains oA\. nigerwere isolated from soil collected from differeméas of Lahore [33]. In another study by
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Morya and Yadav [34], only one strain &f nigerwas isolated from the soil of Kusmi Forest; an &amdsubtropical
Teak forest at Gorakhpur.

Antimicrobial activity

The five isolated fungi were tested for their dbito inhibit the growth of fungal and bacterialtipagens (Table 2).
These fungal isolates showed antimicrobial acésitiowards pathogenic fungi and bacteria in vagialelgrees. Out
of these five fungal isolates, only two isolateswtd a significant antimicrobial activity againisétfour pathogenic
fungi and were designated as SH2 and SH5 whichcediunean values of zone inhibition diameter recayd0.0
and 64.5 mm, respectivegainstF. solani (Table 2). On the other hand, the same two iselateowed low
antifungal activity againsf. oxysporumand the mean values of zone inhibition recorde® 2thd 26.0 mm,
respectively. The greatest inhibition resultingnfrthese isolates was followed by the isolates M@®3 MO4 and
the recorded inhibition zones Bf solaniwere 41.0 and 34.5 mm, respectively. Moreover,isbtate A2 showed
relatively low antifungal activity compared to thfiengal isolates SH2 and SH5 and did not show arijuagal
activity againstF. oxysporum However, these two fungal isolates showed antilsed activity against the four
pathogenic bacterigEécherichia coli Salmonella typhiStaphylococcus aureuandBacillus cereus whereas the
mean values of zone inhibition diameterSofaureugiue to the two fungal strains (SH2 and SH5) resdrth.0 and
13.6 mm, respectively (Table 2). Similar antibaeteactivity was recorded for the two fungal iselat(SH2 and
SH5) againsBB. cereusand S. typhi It is of interest to mention that isolates A2 ad®3 did not show any
antibacterial activity, whereas the isolate MO4vglo antibacterial activity againSt aureusonly.

In this concern, Abdel-Motaal et al. [35] indicatdtht eight endophytic fungiAfternaria alternata Aspergillus
fumigatus Drechslera hawaiiensjs Fusarium solani Penicillium citrinum Neoscytalidium dimidiatum
Thyrostromella myrianandUlocladium chartarurh showed antagonistic activities against all thameixed fungal
strains. Similar observations were reported by Reisal. [36] and Shentu et al. [37]. The currergults are
considered to be in accordance with those obtame&vahn et al. [38] who revealed that the majoatythe
Aspergillus strains isolated from sediments of Indian Rivesptiiyed antimicrobial activity against pathogenic
bacteria. Moreover, these authors reported ghaflumigatusshowed stronger antimicrobial activity. In the sam
trend, Lihan et al. [39] analyzed soil samples datimicrobial producing fungi and reported thatdahisolates
showed strong antibacterial activities againstedéht strains of pathogenic bacteria. The antirbiatcactivity of
the fungal isolates could be due to the productbrenzymes such as amyloglucosidase, cellulasesask,
invertase, pectinases, and acid proteases. miger[6], in addition, to the annual production of aitacid [6, 40].
Furthermore, Kelecom [41] added that the antimiblactivity of fungi may be due to the productiar
metabolites such as fumid quinazolines, indole laidla, halogenated acetogenins and sesquiterpenes f
Aspergillusgenera, depending on the origin of the fungus.

Effect of the isolated fungal strains on AFBproduction by A. flavus

The effects ofA. nigerandA. fumigatusculture filtrate designated (SH2 and SH5) on thedpction of AFB by A.
flavusafter 7 days of incubation was shown in Figure These results revealed that both fungal isoliatedited
the production of AFBbut to a different extent, sinée nigerandA. fumigatusnhibited AFB, production by 73.40
and 67.70%, respectively. These results are corsidewer than those recorded by Cvétand Pepeljnjak [42]
who reported thad\. nigerisolates inhibited AFBproduction byA. flavusNRRL 3251 in a range from 80 to 100%.
In the same trend, Xu et al. [43] revealed thahigerFS10 inhibited AFBaccumulation by 97.2% after 15 days of
incubation. More recently Ding et al. [44] isolatéd niger from stored peanuts and indicated that all iselate
degraded AFBwith a rate of 44.5-100%.

The present results are considered similar to thbsained by Misra et al. [45] who indicated thatnigerandA.
fumigatusinhibited AFB, production by 79.38 and 66.84%, respectively. abidity of A. nigerandA. fumigatugo
remove other mycotoxins was reported by severdaastwho stated th#t. nigeramong otheAspergillias well as
A. fumigatusdegraded OTA in liquid media [46, 47, 48]. Thesthats added thaA. nigerdegraded OTA to Od
and phenylalanine, whereas ©@TWwas degraded into an unknown compound. A prelirginrgtudy was also
performed to screen 12 blaélspergillusstrains for their zearalenone (ZEN) transformasotivity where ZEN was
completely metabolized in 48 h by the mycelium ewéth high concentrations of ZEN in the culture riugd [49].
Although the mechanism of ARBemoval by fungal strains is not clear, Horn antkléw [50] concluded that
AFB; production was suppressed Aynigerwhich lowered the substrate to acidic pH. Othehaus reported that
oxalic and gluconic acid secreted Aynigercould be responsible for the suppression of Ap®duction [51, 52].
Recently Xu et al. [43] suggested that niger culture filtrate could cleave ARBactone ring by enzymatic
degradation.

Effect of isolated fungal strains on AFB degradation
The effect ofA. niger and A. fumigatusculture filtrate designated (SH2 and SH5) on AFRggradation was
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presented in Table (3). These data revealed ttetiatubation at 3 and 8 days, the concentratfoF®; residue

in the culture was decreased. The degradation gsooé AFB by A. niger isolate was relatively high and
continuous, with 38.73% of ARBremoved after 3 days, and 60.70% removed afteay®.dThe degradation of
AFB; by A. fumigatusvas considerably low comparedAonigerespecially after 3 days of incubation, with 5.29 %
of AFB; removed after 3 days, and 74.54% removed aftexy8.drhese results also revealed that the contientra
of AFB; residue decreased by increasing the concentratitire culture filtrates.

Molecular identification of the isolated fungi

The two fungal isolates that showed antifungalibacterial and antiaflatoxigenic activities wererdified on the
basis of their molecular characteristics. The afigalion of 18S rRNA with ITS1 and ITS4 primers hbsen
successfully performed and 18S rRNA gene was chasentarget for PCR amplification because theeserpidata

is widely used in the molecular analysis to recartstthe evolutionary history of organisms. The Ipggnetic tree
was constructed by the neighbour-joining (N-J) rodtivased on the 18S rRNA sequences. Thel8S rRNA gen
sequence analyses showed that strain SH2 was foestycaffiliated with members of the genfispergillus In the
phylogenetic tree based on the neighbor-joiningrtlgm, strain SH2 fell within the cluster compnigiA. nigerand

A. awamori(Figure2). The results revealed that strain SHilleted a high level of 18S rRNA (~605 bp) simitstri
(99%) with Aspergillus nigerstrain Cumin 1(GenBank accession No. KF221069.1Jufe3). On the other hand,
the second fungal strain SH5 of the sequenced RBB\rgene (~575 bp) was identified Aspergillus fumigatus
The 18S rRNA sequence analysis revealed that thetésis a close relative (99%) Agpergillus fumigatussolate
CBS 121325 (GenBank accession No. KJ175444.1). gere sequences of fungi were deposited in GenBank
databaseAspergillus nigerstrain SH2-EGY, Accession No. KP317994.1; aspergillus fumigatestrain SH5-
EGY, Accession No. KP317993.1.

It is well known that molecular characterizationaifast and quick technique which needs minimaldliag of
pathogens and also helps in distinguishing morgicédly, similar fungal species [53]. Similar apgations of PCR
technology were used for the identification andedgon of fungi, by using internal transcribed sra@TS) [18, 54,
55]. The genomic DNA containing 18S rRNA was thghticandidate for the detection of fungus as # iswulti-
copy gene which evolves slowly and is conservedrafangi. The present study proves that the genddNé
containing 18SrRNA-based PCR is suitable for prglziriarge range of significant fungi owing to itghrer level of
analytical sensitivity and specificity [56].

Determination of biological activities of the isoléed A. niger and A. fumigatus crude extracts

Antimicrobial activity

The crude extracts of the fungal isolates SH2 aH8 @ere used to determine the antimicrobial agtiagainst
pathogenic microorganismStaphylococcus aureuStaphylococcus aureMRSA), Pseudomonas aeruginosad
Candida albicans These crude extracts inhibited the pathogenaranrganism growth at varying degrees (Figure
4). The results also showed that crude extract eur(iitl) showed the highest antimicrobial activiigainst the
pathogenic microorganisms followed by extract$Mland VII respectively. The data also showed thdtact V did
not induce inhibition of the pathogenic microorgamsS. aureusandS. aureu§MRSA), whereas extract | did not
inhibit S. aureugMRSA) only. The data presented in Figure (5) sbdwhe inhibition zone of the crude extracts
against pathogenic bacteria and yeast. These sem@tsimilar to those of Qadri et al. [57] whoablished that
several fungal extracts demonstrated antimicrobélvity againstE.coli, S. aureus,and Candida albicansat
varying degree. Moreover, Shaaban et al. [58] tegothat crude extract of the fungal straitbernaria alternate
exhibited high activity against bacteria and yeasts

Total phenolic content and total antioxidant activity

The current results revealed that antioxidant @gtnf the fungal crude extracts varied from 39288 AAE /g for

extract VIl to 940.10 mg AAE /g for extract Il. Ttantioxidant capacity was related mostly to thaltphenolic

content. Data in Figure (6) showed that the toteérmwlic content of the crude extracts varied adogrdo the

method of extraction which in turn was expresseth@ antioxidant capacity. It was also noticed that highest
antioxidant capacity and total phenolic contenistged to the crude extract Il. The highest antari capacity of
crude extracts could be related to the presenbégbftotal polyphenol contents [59] which are cdesed to be the
major contributor to the antioxidant activity [60]he data presented in Figure (6) also pointedtimatt there is a
positive relationship between antioxidant actiwtyd the amount of phenolic compounds of the crutiaes [61].
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Table 1: Crude extracts of fungal bioactive secoraty metabolites

Incubation condition Extraction from
Extract number Fungal name Rotary shaker Static® Fungal Fungal
(150 rpm§ Supernatant mycelia®
I <> <>
I Aspergillus <« > <>
1 niger
M S S
M <> S —
VI . .
VI Aspergillus fumigatus <> - 5 <>
VAl = <>

@ The flasks were kept at 28°C using rotary shakBe (rpm) for 7 days.
® The flasks were incubated static at 28°C for 7sday
°The culture supernatants were extracted with edlogtate
4 The mycelia were extracted with acetone, conceedraand the remaining water residue was re-exe@atith ethyl acetate

Table 2: Antimicrobial activity of fungal isolates against various fungal and bacterial pathogens

Zone inhibition (mm)

Fungal isolates A. A. F. F. B. E. S. S.
parasiticus  ochraceus solani oxysporum cereus coli aureus typhi
A2 29.0£1.1 19.3¥1.15 42.5+35 ND ND ND ND ND
SH2 31.5+2.1 40.0+0.0 70.0+14.1  25.3%4.5 13.0#0.0 D N 15.0¢0.00 12.5+0.70
SH5 43.5+2.1 22.0£2.64 64.5+24.7  26.0%+5.2 13.0+2.684.0£0.0 13.6+0.57 15.0+¥1.41
MO3 27.0+2.8 ND 41.0+1.4 ND ND ND ND ND
MO4 28.5+2.12 ND 34.5+3.5 ND ND ND 11.6+0.57 ND

Results are mean £ SD (n=3)
ND: Not determined

60

50

40

30 +

20 -

AT B, production (ppm)

Control SH2 SHS5

Figure 1: Effect of fungal isolates on AFB production by Aspergillus flavus. Results are mean + SD (n=3). Bars represent theaadard
errors. Fungal isolate SH2 was later identified aé. niger and SH5 identified asA. fumigatus

Table 3: Percentage of inhibition of aflatoxin B by different concentrations of culture filtrates

. . SH2 SH5
)
Incubation period (days} 1% 2% 3% 1% 2% 3%
3 38.73+£1.33 62.63+0.1169.16+0.25 529+096 20.19+1.12 39.22+0.56
8 60.70£0.06 66.81+0.23 74.45+0.45 74.54380. 83.94+0.03 84.99+0.06

Results are mean +£SD (n=3)
Culture filtrates were added at different concetitras to a PDB containing AREat a concentration of 20 ppb
The flasks were incubated at 28°C in a rotary shakeubator at 150 rpm for 3 and 8 days
Flasks were taken at each interval and centrifuge@i0000 for 5 min, and the AfrB/as extracted from supernatant using chloroformoading
to the Association of Official Analytical Chemists.
Fungal isolate SH2 was later identified as A. nigad SH5 identified as A. fumigatus.
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Table 4: Partial sequence of 18S ribosomal RNA geré two fungal isolates

Strain | bp Al'i gned Sequence Data

SH2 605 | 1 ggact gggga tcctaccctg atcgaggtca cctgggaaag aat ggttgga aaacgtcggc aggcgccggce
61 caatcctaca gagcat gt ga caaagcccca tacgctcgag gatcggacgce

121 | ggtgccgeecg ctgectttcg ggecccgtccc cccggagagg gggacggcga cccaacacac
181 | aagccgggcet tgagggcagc aatgacgctc ggacaggcat gccccccgga ataccagggg
241 | gcgcaatgtg cgttcaaaga ctcgatgatt cactgaattc tgcaattcac attagttatc
301 | gcatttcgect gecgttcttca tcgatgccgg aaccaagaga tccattgttg aaagttttaa
361 | ctgattgcat tcaatcaact cagactgcac gctttcagac agtgttcgtg ttggggtctc
421 | cggcgggcac gggcccgggg ggcagaggcg cccccccgge ggccgacaag cggcgggcecc
481 | gccgaagcaa cagggt acaa tagacacgga tgggaggttg ggcccaaagg acccgcactc
541 | ggtaatgatc cttccgagcc ccccccceccc aaaaaaaggt ctccccgggg gcggattccce
601 | ttggg

SH5 575 | 1 gaat ggggga tcctaccctg atcgaggtca ccttagaaaa ataaagttgg gtgtcggctg

61 gcgccggecg ggcectacaga gcaggt gaca aagccccata cgcetcgagga ccggacgegg

121 | tgccgeecget gectttcggg cccgtcccce gggagagggg gacgggggec caacacacaa

181 | gccgtgettg agggcagcaa tgacgctcgg acaggcat gc cccccggaat accagggggce

241 | gcaatgtgcg ttcaaagact cgatgattca ctgaattctg caattcacat tacttatcgce

301 | atttcgetge gttcttcatc gatgccggaa ccaagagatc cgttgttgaa agttttaact

361 | gattacgata atcaactcag actgcatact ttcagaacag cgttcatgtt ggggtcttcg gcgggcgcgg
421 | gcccggggge gcaaggcctc cccggcggec gtcgaaacgg cgggceccgec

481 | gaagcaacaa ggtacgatag acacgggtgg gaggttggac ccagagggcc ctcactcggt

541 | aatgatcctt ccgcaggttc accctacgag aaggg
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/A aspergillus sp. AVEG-6 internal transcri...
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i
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Figure 2: Phylogenetic tree showing the relationshiof strain SH2 with other related fungal speciesatrieved from GenBank based on
their sequence homologies of 18Sr RNA
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Figure 3: Phylogenetic tree showing the relationshiof strain SH5 with other related fungal specieseatrieved from GenBank based on
their sequence homologies of 18Sr RNA
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Figure 4: Antimicrobial activity of fungal crude extracts. Results are mean + SD (n=2). Bars represetite standard errors
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Figure 5: Zone Inhibition of the fungal crude extrects against pathogenic microorganisms. Picturesand b) Staphylococcus aureus; ¢
and d) Pseudomonas aeruginosa; e and f) Candida albicans. Crude extracts | to IV extracted from A. niger and crude extracts V to VIII
extracted from A. fumigatus
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Figure 8: Gas chromatography-mass spectrometry (GC-MS) chrontagram of the ethyl acetate extract of the myceliaf the shaken

culture broth of Aspergillusniger (Accession No. KP317994.1)
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Table 5: Chemical compositions of the of the ethylcetate extract of the mycelia of the shaken culterbroth of Aspergillus niger
(Accession No. KP317994.1)

No. RT R;Lte M.W. M.F. Identified compounds

1 12.18 2.30 364 £H2:06 Oridonirt

2 14.30 2.04 302 £H300; 5,8,11,14,17-Eicosapentaenoic acid

3 14.44 1.75 416 £H4403 24, 25-Dihydroxycholecalciferol

4 31.11 1.58 220 feH,,0 Butylated hydroxytoluerie

5 34.86 234 331 GHoBNOGSI a-D-Glucopyranoside, methyl 2-(acetyl amino)-2-deg3-O-(trimethylsilyl)-, cyclic

methylboronaté

6 35.22 1.78 385 £HNOs Thalicpureine

7 35.29 0.94 534 £H3cO1¢ 3-Desoxo-3,16-dihydroxy-12-desoxyphorbol 3,13,0&&raacetate

8 35.36 1.65 344 feH160; Quercetin trimethyl ether

(2R,3R,5S,2'R,5'R,8'abeta)-2-Methoxy-5-(3-furyBi@ha-methyl-4'aalpha-
9 37.56 1.17 520 £H36010 (acetoxymethyl)-4,5-dihydrodispiro[furan-3(2H), Bahlin-5',2"-oxirane]-4'alpha,6'beta-
diol diacetate

10 | 38.20[ 0.91 416 GHzeN6O, 1,2-Bis[1-(2-hydroxyethyl)-3,6-diazahomoadam atydane-9] hydrazit > &7’

.| &-D-Glucopyranosiduronic acid, 3-(5-ethylhexahy#ré- ,6-trioxo-5-pyrimidinyl )-1,1-
1] 3979 2.34 648|  GHsN:O10Sks dimethylpropyl 2,3,4-tris-O-(trimethylsilyl)-, meyhestef

12 | 39.96] 11.51| 540 H5,06Sis | D-(-)-Fructopyranose, pentakis(trimethylsilyl) eth *

13 | 40.20] 12.75] 437 #H2:NO, Fmoc-L-3-(2-Naphthyl)-alaning *

14 | 40.97 3.79 482 1H1606Sis alpha-D-Glucopyranoside, methyl 2,3,4,6-tetrakigi@nethylsilyl)-

15 | 41.62 3.44 532 1H4506Si7 Heptasiloxane, Hexadecamethyl-

16 | 42.16 6.78 368 4H44N,0, Octadecanamide, N- (2- methyl propyl)-N-nitroso

17 | 42.80 2.27 306 4H340; 527,8Z,11Z-eicosatrienoic acid

18 | 43.17 7.60 614 SHe06Sis Trimethylsilyl ether-glucitol

19 | 44.49] 14.78] 540 Hs:0:Si | 1,2,3,4,6-Penta-trimethylsilyl Glucopyranise

20 | 46.83 1.53 514 4Hs:0,S Didodecyl 3,3-thiodipropionate

21 | 47.05 0.88 243 £HicFNs 1H-Purin-6-amine, [(2-fluorophenyl)methyl]

22 | 48.71| 1.41 384 Hz0,Sis | Pentasiloxane, dodecamethyl

23 | 55.76 9.20 390 SH3404 Bis (2-ethylhexyl) phthalate
24 | 56.92 0.83 597 £H3eNO;g¢ 3-Pyridinecarboxylic acid
25 | 6004 152 464 GHa06 5H-Cyclopropa[3,4]benz[1,2-e]azulen-5-one, 9,94amstyloxy)-1,1 a,1b,2,4a,7a,7b,8,9,9

adecahydro-2,4a,7b-trih ydroxy-3-(hydroxymethyl);6,8-tetramethyl

26 | 60.72 1.96 594 £H3O1e Flavone 4'-OH,5-OH,7-Di-O-Glucositle

M.F.: Molecular formula; M.W.: Molecular weight; RRetention time
ICytotoxic;2Antimycotic;*Antioxidant; *Anticancer;*Antiaflatoxin; ®Antifungal;’Antimicrobial (Data obtained from National Center f
Biotechnology Information, PubChem Compound Databagps:/pubchem.ncbi.nim.nih.gov/; and from Duke's Phytochemical and

Ethnobotanical Databases)

Reducing power antioxidant activity

The reducing power of the fungal crude extracts stadied by the reduction of #e¢o F&*, and in the presence of
ascorbic acid. The measured values of absorbandviasom 0.252 for extract | to 0.704 for extraldf whereas
extract Il gave the highest reducing power. Thiuping activity was considered lower than ascodgid standard
which recorded 0.900. The reducing capacity of mmound may serve as a significant indicator ofpi¢ential
antioxidant activity [62].

Identification of chemical composition of the crudeextracts by GC/MS

Based on the above-mentioned results, the crudeotxof A. niger isolate SH2 which showed the highest
antioxidant effects was studied. Consequently, #mgract was subjected to the identification of dstive
components based on the peak area, molecular waighinolecular formula. The chemical analysis eséhcrude
extracts by GC/MS indicated the identification wenty-six components representing 99.05% of thal @xtract
composition (Table 5). The major components we2g3}4,6-Penta-trimethylsilyl Glucopyranose (14.78%hnoc-
L-3-(2-Naphthyl)-alanine (12.27%), D-(-)-Fructopwase, pentakis(trimethylsilyl) ether (11.51%), b{8-
ethylhexyl) phthalate (9.20%), trimethylsilyl etheflucitol (7.60%), and octadecanamide, N- (2- migitopyl)-N-
nitroso (6.78%), as well as other abundant compsngumch as methyl alpha-D-Glucopyranoside, mett/426-
tetrakis-O-(trimethylsilyl)- (3.79%), and Oridon({&.30%). These results are in accordance to thosened by Qi

et al. [63] who isolated the fung@adosporiumsp. F14 and found that the chemical analysissofetmentation
broth yielded nine compounds, one of which wag®isthylhexyl) phthalate. Similarly, Debbab et[8K] reported
that Aspergillusgenera are considered frequently distributed aadall-known for their ability to produce a vast
amount of structurally unique bioactive metabolit®everal authors reported that bioactive compopnoiduced by
severalAspergillus species showed antibacterial, antiviral and cydotactivities [65, 66, 67]. In this concern,
Trisuwan et al. [68] and Gamal-Eldeen et al. [68{licated that the secondary metabolites from theuge
Penicilliumare considered as one of the most important sowfcasvide range of biological and pharmacological
activities. The present results suggested thangiateantimicrobial and antioxidant activity of ctel extracts Il and
[Il could be due to the bioactive compounds idédifsuch as butylated hydroxytoluene (1.58%), Dédyti 3,3'-
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thiodipropionate  (1.53%), Pentasiloxane, dodecaynetiil.41%), and 1,2-Bis[1-(2-hydroxyethyl)-3,6-
diazahomoadam antantydene-9] hydrazine (0.91%). niledde, Yehye et al. [70] indicated that butylated
hydroxytoluene is a most commonly used antioxidamd is recognized as safe for use in foods comigifats,
pharmaceuticals and oil industries.

CONCLUSION

Isolation of fungi from soil samples and the rapieening by plating on Czapex Dox Agar mediumttedhe
finding of five fungal isolates showing variablegdees of antifungal, antibacterial and antiaflagexiic activity.
Molecular characterization confirmed that the ismdaSH2, SH5 aéspergillus nigerand Aspergillus fumigatys
respectively. The fungal secondary metabolites erextracts 1l and Il were found to have excellbitlogical
activities. The total phenolic content of the crudéracts varied and related mostly to the antiamtdactivity. The
results obtained were promising and thus furthedies concerning purification of the active cruderacts are
necessary.
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