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Aim. Tannases have found application in many industries. Aspergillus species are moulds largely iso-
lated from poultry droppings and are major producers of tannase. This study aimed to isolate and iden-
tify tannase-producing Aspergillus spp. from poultry droppings.

Methods. Samples of poultry droppings were obtained from a poultry farm in Kuje Area Council,
Federal Capital Territory, Abuja, Nigeria. Aspergillus spp. was isolated according to standard microbio-
logical procedures. The ability of the isolated Aspergillus spp. to utilise tannic acid was assessed through
a tannase assay using a standard method. The isolated Aspergillus spp. were identified using morphologi-
cal characteristics and molecular identification methods.

Results. Twenty-one pure fungal isolates were obtained from the poultry droppings, and 17 of them
were able to utilise and grow on constituted tannic acid agar with a diameter ranging from 3.5-7.0 cm.
Five (5) isolates with the highest tannase activity were identified as Aspergillus fumigatus and Aspergillus
flavus.

Conclusion. The study concluded that tannase-producing A. fumigatus and A. flavus can be obtained
from poultry droppings and may be exploited for tannase production.

Keywords: tannase, Aspergillus spp., morphological identification, molecular identification.

Tannase (tannin acyl hydrolase, EC Aspergillus spp. play a critical role in the

3.1.1.20), an extracellularly induced hydrolase,
catalyses the degradation of hydrolysable tan-
nins and esters of gallic acid to produce value-
added compounds like galloyl ester, glucose,
and gallic acid [1, 2 ]. Tannase is generally
employed in the industrial bioconversion of tan-
nic acid to gallic acid [3, 4]. Fungi majorly pro-
duce tannase. Aspergillus and Penicillium spp.
constitute about 58% of the tannase-producing
fungi. Between the two genera, Aspergillus spp.
is the larger tannase producer [5].

degradation of organic substrates and have been
reported to secrete a number of biologically
active compounds, including antibiotics and
mycotoxins [6, 7], as well as essential enzymes
[8, 9].They have been found mainly in poultry
droppings. Residual nutrient and organic
matter content of poultry droppings makes
it moist, thus enabling mould to sporulate
[10]. The sporulated mould is known as
Aspergillus, and the two most observed species
of Aspergillus present in poultry dropping are
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Aspergillus fumigatus and Aspergillus flavus
[11, 12]. Morphological characterization
encompasses both macroscopic and microscopic
characteristics [13, 14]. Molecular methods of
identification have become more effective due
to the problems associated with overlapping
morphological features of organisms|[15,
16]. This study, therefore, aims to isolate and
identify tannase-producing Aspergillus spp.
from poultry droppings.

Materials and Methods

Collection of Samples: 5 g of poultry drop-
pings was collected from a local poultry farm
in Kuje Area Council, FCT, Abuja, Nigeria.

Isolation of Tannase-producing Fungi

Isolation of Aspergillus spp. was carried
out according to standard microbiological
procedures described by Al-Temimay et al.
[17]. 1g of the sample was used to carry out a
10-fold serial dilution. 1 mL of dilutions 103
and 109 were aseptically plated on solidified,
sterilized potato dextrose agar (PDA). The
inoculated PDA plates were incubated at room
temperature for 3—7 days.

Screening for Tannase-Producing Asper-
gillus spp.

Tannic acid agar (TAA) was prepared as
described by Pinto et al. [18]. Each pure fungal
isolate obtained was inoculated on TAA and
screened for its ability to grow in the presence
of tannic acid. Fungal isolates that grew in
the presence of tannic acid (i.e., on tannic acid
agar) were selected for further studies

Identification of Isolated Aspergillus spp.

Morphological Identification of Aspergil-
lus spp.

Morphological identification of five (5)
pure cultures with the highest tannase activity
(A1, A2, A4, A8, and A15) was carried out via
macroscopic and microscopic characteristics
assessment as described by Gaddeyya et al. [19].

Molecular Identification of Isolated
Aspergillus spp.

Extraction of deoxyribonucleic acid from
Fungal Isolate

The extraction of the fungal isolate’s
genetic material (deoxyribonucleic acid, or
DNA) was carried out using Zymo Research
Fungi/Bacteria DNA Extraction Kits.
Polymerase chain reaction was carried out
for the Internal Transcribed Spacer (ITS)
sequence amplification. The 25 pL reaction

mixture contained about 200ng template
DNA, 0.3 uM forward, 0.5 pM reverse primer,
Dream Taq PCR master mix (12.5 puL) and 2 puLL
of 50 ng/mL bovine serum albumin (BSA). The
protocols, according to the manufacturer [20],
were strictly followed.

Polymerase Chain Reaction of the Fungal
Ribosomal Deoxyribonucleic Acid

Polymerase chain reaction was carried
out for the Internal Transcribed Spacer (ITS)
sequence amplification.

Qualitative and Quantitative Analysis of
Deoxyribonucleic Acid

A qualitative and quantitative assessment
of the extracted DNA was carried out using
agarose gel electrophoresis, as described by
Welsh and McClelland [21].

Sequencing and Analysis of Isolated
Deoxyribonucleic Acid

The PCR amplicons were cleaned using
Zymo Research PCR cleanup kits and sequenced
on an Applied Biosystems International (ABI)
automated sequencer model ABI 3130. The
resulting Sanger sequences were compared with
other related sequences using a BLAST search
in GenBank (NCBI). The sequences obtained
were deposited in GenBank, and the accession
numbers were obtained.

Results and Discussion

Isolated and Screened Fungal Isolates

Fig. 1 shows 21 pure fungal isolates
obtained from the poultry droppings samples.

Macroscopic features observed in the
isolated fungi include yellow-green, brownish,
and turquoise colours. The colonies are slightly
wrinkled and dense, spreading from the centre
of the plate.

From the 21 pure fungal cultures screened,
17 grew and showed a clear zone in the con-
stituted tannic acid agar (Fig. 2 and Table 1).

Identified Fungal Isolates from Poultry
Droppings

The seventeen isolates that utilized tannic
acid as a carbon source were subjected to
solid-state fermentation (SSF) for tannase
production. Evident by tannase enzyme
activity, all the fungal isolates produced
tannase in different proportions under
SSF. Five fungal isolates (Fig. 3) with high
tannase activity were selected and subjected
to macroscopic, microscopic, and molecular
identification.
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Macroscopically Identified Pure Fungal
Cultures

Growth sporulated culture was observed to
have started from the centre and progressed
radially, covering the surface of the media and
forming a colony. As the sporulation spread
outwards, a characteristic white border was

observed on the sporulating mycelia. The
isolate identified macroscopically as A. flavus
had a yellowish to greenish colony that spread
radially from the point of inoculation while A.
fumigatus had a greyish to blue greyish colony.
As the colony progressively grew, its centre
became a floccose and rough (Fig. 3).

Fig. 1. Pure fungal isolates
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Table 1. Growth of Aspergillus spp.
on tannic acid agar

Fungal Isolate Status Diameter (cm)
Al * 3.5
A2 . 4.8
A3 * 5.0
A4 * 5.0
A5 * 4.5
A6 * 4.5
A7 * 5.8
A8 * 5.5
A9 wkk —

Al0 * 6.8
Al1l * 4.2
Al12 * 5.5
A13 * 3.0
Al4 * 4.8
Al5 * 4.0
Al6 * 3.2
Al7 * 7.0
A18 NG -
A19 NG -
A20 NG -
A21 NG -

* — Growth; ***
NG = No growth

— massive growth;

Microscopically Identified Pure Fungal
Cultures

Fig. 4 and 5 display the microscopic
characteristics of the fungal isolate slides
when viewed under the microscope. Biseriate
colonies with phialides spreading from all sides
of the metulae were borne on subglobose or
globose vesicles of variable sizes (Fig. 4). Fig. 5
shows conidiophores ending with oval vesicles
that bear a single series of sterigmata covering
almost half of the vesicle. The sterigmata bore
a series of oval, rough-walled conidia.

Molecularly Identified Pure Fungal
Cultures

Fig. 6 and 7 show the agarose gel pictures of
the extracted fungal isolates’ deoxyribonucleic
acid (DNA) and polyacrylamide chain reaction
(PCR) amplicons, respectively. Table II shows
the identified fungal isolates, along with their
percentage identity. Various sequences from
the NCBI GenBank database were used to
construct a phylogenetic tree, which was then
used to determine the phylogenetic position of
the observed strains (Fig. 8).

The selected homologs from the alignment
results revealed that the five morphologically
distinct organisms were genetically recognised
as two species (Aspergillus fumigatus and
Aspergillus flavus).

Isolated and Screened Fungal Isolates

Morphological identification of the fungal
isolates from poultry droppings revealed that
most of the isolates were Aspergillus spp.

- Fig. 2. Pure fungal isolates with growth on tannic acid agar
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Fig. 4. Microscopic characteristics
of isolated Aspergillus flavus

Fig. 5. Microscopic view
of Aspergillus fumigatus
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Fig. 6. Electrophoregram of DNA extracted from Aspergillus spp.

Base Pairs Mass (ng)

- 1.517 45
1.200 is
1.000 L -1
900 27
800 24
700 21
600 18
s00517 97

= 400 38

- 300 29
200 25
100 48

Key: S- Step ladder (100 bp), Line 1-5 represents the different samples and N is negative Control

Fig. 7. Electrophoregram of isolated fungal amplicons

This finding is in agreement with the work of
Byrd et al. [22], which reported that fungal
cultures isolated from the ceca of commercial
poultry were mainly Aspergillus spp. (about
78% of the isolates). Also, Al-Temimay et al.
[17] reported in their study that Aspergillus
spp. Constituted about 28.24% of the entire
isolates. The four (4) isolates out of the 21
pure fungal isolates that did not grow on the
constituted tannic acid agar in this study may be
due to the antifungal action of tannic acid [23—
24]. The observed growth of the 17 isolates on
tannic acid agar is an indication of their ability
to produce tannase, leading to the breakdown of

depside and ester bonds in tannic acid and the
subsequent release of gallic acid and glucose.
This result aligns with the findings reported
by Chhokar et al. [25] and Saad et al. [26].
They investigated and noted that the ability of
some microorganisms to degrade tannic acid
in screening medium indicates the presence of
tannase produced by the organisms.

Morphological Identification of Fungal
Isolates

Morphological identification of the isolated
Aspergillus spp. The results obtained from
this study revealed the presence of A. flavus,
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A. niger, and A. fumigatus. Macroscopic
characteristics, including globose, large
vesicles, biseriate phialides, rough-walled
conidia, and radiate, blackish conidial heads,
are suspected features of Aspergillus niger, as
described by EL-Shaer et al. [27]. Yellowish
to greenish colonies, greyish to blue-greyish
colony pigmentation, and microscopic
features of biseriate colonies with phialides
radiating from all sides of the metulae,
observed among the fungal isolates in this
study, are characteristics of A. flavus as
reported by Abdelaziz et al. [28] and Arifah et
al. [29]. While a macroscopic characteristic of
greyish to blue-greyish colony pigmentation
and microscopic features of smooth-walled
conidiophores are characteristics observed
in A. fumigatus, as reported by Diba et al.
[830] and Abdelaziz et al. [28]. Thus, the
morphological features presented by the five
fungal isolates may inform their identification
as A. fumigatus, A. niger, and A. flavus.

Molecular Characteristics of the Fungal
Isolates

Molecular methods have been effectively
applied in identifying microorganisms and
also help overcome the bottlenecks associated
with conventional methods [31, 32]. Molecular
identification is therefore needed to validate
morphological identification methods.

The DNA extraction of the samples yielded
sharp, distinct genomic DNA that was amenable
to polymerase chain reaction (PCR) and
produced a strong and reliable amplification
product, which conforms with the reports of
Zarrin and Erfaninejad [33]. The amplified
fragment sizes of 600-700 bp obtained in this
study agree with previous reports [33, 34].
The ITS rDNA sequences obtained from the
DNA extracted from the five fungal isolates in
this study were compared to those in the NCBI
database using the BLAST algorithm. The ITS
rDNA region sequence has been considered a
crucial tool for identifying fungal species [35].

MN634702.1:205-555 Aspergilus fumigatus isolate TW OC17 78

MZ066381.1:272-623 Aspergilus fumigatus isolate AR40
MK534500.1:245-597 Aspergilus fumigatus isolate 10 3A110
MT267796.1:216-568 Aspergilus fumigatus strain 16FB

MI796753.1:183-535 Aspergilus fumigatus isolate RTF-11

MT558940.1:247-599 Aspergillus fumigatus isolate 2011F6 (S1)

MN190284.1:232-586 Aspergilus fumigatus strain PPR-01
KR023997.1:386-740 Aspergilus fumigatus strain F7

KP329590.1:226-580 Aspergilus fumigatus strain DTO:128-G1
KY026061.1:226-580 Aspergilus fumigatus isolate RES1 188
MT316338.1:360-714 Aspergillus fumigatus strain DTO 402-H1 (S4) ]
MH 345848.1:204-559 Aspergillus fumigatus isolate 8 (S5)
KP278181.1:245-600 Aspergilus flavus strain QRF354
KU978916.1:265-620 Aspergillus flavus isolate TOPEF 52 (S3)
CP051081.1:2992759-2993117 Aspergilus flavus strain K49
¢s | MI292809.1:223-581 Aspergilus flavus isolate ST3

65 - MH279400.1:357-715 Aspergilus oryzae isolate DTO 213-C8

— MT'297629.1:315-669 Aspergilus fumigatus isolate UZ4

Fig. 8. Phylogenetic tree using neighbour-joining phylogenetic expression

64



Experimental articles

Table 2. Alignment profile of the sequences of fungal isolates

Isolate Species identified %:ﬁfﬁ;?g/f cg‘;ﬁf’; % gg(t)i(le Sl\g g:_‘e E value lﬁiemriig:
Al Aspergillus fumigatus 99.72 99 647 647 0.0 PQ557285
A2 Aspergillus fumigatus 99.72 99 645 645 2e-180 PQ557286
A4 Aspergillus flavus 100.00 98 658 658 0.0 PQ557287
A8 Aspergillus fumigatus 99.15 99 641 641 3e-179 PQ557288

Alb Aspergillus fumigatus 99.44 99 649 649 0.0 PQ557289

ITS rRNA genes also serve in phylogenetic
analysis due to their universal distribution,
functional consistency, adequate conservation,
and appropriate length, which helps provide
sufficient evolutionary relationships [36].
Considering the ITS sequences, which showed
that four of the fungal isolates exhibited
99.15-99.72% similarity to A. fumigatus and
one exhibited 100% similarity to A. flavus.
The fungal isolates were thus molecularly
identified as A. fumigatus and A. flavus. The
molecular identification of the Aspergillus spp.
from this study as A. flavus and A. fumigatus
is consistent with the report by Fagbohun et
al. [37], who isolated and identified A. flavus
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Mema. TanHas3y 3HANIILIN 3aCTOCYBaHHA B 6araThoX rayry3sax mpoMucaoBocti. Bugu Aspergillus —
e IBiJIb, AKa 3HAYHOIO MipOI0 BUALIAETHCA 3 ITAIIIMHOTO MOCTiY Ta € OCHOBHUM ITPOYIIEHTOM TaHAa3M.
ITe mocoimsxkeHHA MaJyio HA MeTi BuAijeHHA Ta imenTudikamnio BupiB Aspergillus, 10 TpOAYKYIOTH
TaHasy, 3 NTAITNHOTO MOCJIiTy.

Memodu. 3pasKu NTAIIMHOTO IOCJHiny Oyam oTpumaHi 3 mraxodepmMm B palioHHIN pami
Kyn:xe, PenepasbHa cToanuyHa Tepurtopida, Abym:xa, Hirepis. Bun Aspergillus 0yB Buminenui
BiAIIOBiAHO MO CcTaHZAPTHUX MiKpoOiojoriuummx mnpomenyp. 3AAaTHIiCTh i30JbOBaHUX BHUIB
Aspergillus BUKOPUCTOBYBATH AYOMJIBHY KHCJOTY OyJia MOCJiKeHa 3a JOIOMOTOI0 aHaJIidy TaHa3u
3 BUKOPHCTAHHAM CTaHIapTHOro MeTony. IsonwoBaHi Bumu Aspergillus 6ynu imentTudikoBaHi 3a
IOIIOMOT0I0 MOP(OJIOTIUHIX XapaKTePUCTUK Ta METOIiB MOJIEKYJIAPHOI ineHTHdiKaIii.

Pesynvmamu. [IBaguares oguH (21) unctuit rpubKoBUil i3074T 6yI0 OTPUMAHO 3 IITAIIMHOTO
mocJrixy, i 17 3 HuX 3MOTJI BUKOPUCTOBYBATH Ta POCTU HAa KOHCTUTYHOBAHOMY TaHiHOBO-KHUCJIOTHOMY
arapi giamerpom 3,5—7,0 cm. II’aTh i301ATiB 3 HABUIIOIO aKTUBHICTIO TaHA3u OyJu izeHTu(ikoBaHi
K Aspergillus fumigatus ta Aspergillus flavus.

Bucnosoxk. JocunimxenHs moKasajo, 1110 IpoayKyooui tanasy A. fumigatus ta A. flavus moxxHa
OTPUMATH 3 TIOCJIi Iy ITUII TA BUKOPUCTOBYBATH JIJIsI BUPOOHUIITBA TaHAa3M.

Knwuosi cnosa: tanHasa, Aspergillus spp., mopdoJoriuna igenTudikamnisa, mMosieKyJadapHa igeHTH-
dikamisa.
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