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Microscopic characterization of two black Aspergillus, A. niger and A. aculeatus
from different substrates and indoor environment
Wardah Abdul Rahman and Latiffah Zakaria*
School of Biological Sciences, Universiti Sains Malaysia, 11800 USM, Penang, Malaysia

Abstract
Black Aspergillus occurs in various types of substrates including indoor environment. In the
present study, two species of black Aspergillus, A. niger and A. aculeatus were recovered from
rice, groundnuts, spices, corn grains, agricultural soil and indoor environment. Both species were
identified based on dark or black colony appearance and microscopic characteristics. Microscopic
characteristics were observed using Scanning Electron Microscope, as well as light microscope.
The characters to differentiate between A. niger and A. aculeatus were the formations of phialides
and the shape and size of conidia. Aspergillus niger produced biseriate phialides and globose to
subglobose conidia. As for A. aculeatus, the phialides were uniseriate, and the conidia were
slightly brown, frequently ellipsoidal with echinulate and evenly spaced spines. Globose to
subglobose conidia were also observed. Microscopic characterization is still important, not only
to sort the isolates into their respective groups or sections, but it is relatively rapid identification
to obtain faster results on the species identity
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Introduction
Black Aspergillus spp. are among spoilage fungi contaminated food and feed, storage
products as well as one of common fungi occur in indoor environment. Some species are beneficial
for example there are strains of A. niger produced useful enzymes and organic acid such as lipases
and citric acid used in food processing. Beneficial black Aspergillus spp. particularly A. niger are
considered Generally Recognised as Safe (GRAS) by the United States Food and Drug
Administration However, there are species of black Aspergillus that produced mycotoxin
particularly ochratoxin A that contaminated cereal grains and species that are pathogens on plant
and human [1]. Thus, it is important to conduct preliminary identification of black Aspergillus to
assist in detail characterization of this group of aspergili.
Species of black Aspergillus are recognized based on the colony appearance which is often
dark brown to black with black or near black conidia. These are the main features to sort the isolates
of black Aspergillus and to distinguish the isolates of Aspergillus from other groups or sections of
the genus Aspergillus. Morphological identification of Aspergillus is commonly based on
microscopic characteristics of the philiades, conidial head, conidia and vesicle are important [2,
3]. It is relatively rapid method of identification to obtain faster identification results.
The present study was conducted to identify and characterize black Aspergillus from
various sources, namely rice, groundnuts, spices, corn grains, agricultural soil and indoor
environment using microscopic characteristics.

Materials and Methods
Morphological Identification
Results and Discussion
Microscopic characterization of black Aspergillus
A total of 168 isolates of black Aspergillus from rice, groundnuts, spices, corn grains,
agricultural soil and indoor environment were recovered. Based on microscopic descriptions by
[2, 3, 4] 144 isolates were identified as A. niger and 24 isolates as A. aculeatus.
Black Aspergillus spp. are easily identified based on their black to dark brown colonies. In
a morphological study conducted by [6], the production of black or brown-black colonies was used
for initial identification of A. niger from the other species of Aspergillus. In a study by [7], black
Aspergillus were identified based on dark-coloured colonies. For microscopic characteristics, the
phialides either uniseriate or biseriate are also commonly used for identification. Some species of
black Aspergillus have been distinguished based on the phialides formation or seriation including
A. niger and A. aculeatus. Efaq et al [8] reported that conidial ornamentation and conidiophores
of black Aspergillus are important structures for morphological identification of black aspergilli
species isolated from clinical wastes. Conidial ornamentation as well as the vesicle characteristics
were also used to distinguish three black Aspergillus from beach sand [9].
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Aspergillus niger
Aspergillus niger produced very dark brown to black conidial heads with irregularly-formed
clear exudates (Figure 1A). The conidiophores were long, thick and smooth-walled (Figures 1B C) with average width and length of 8-20 X 380-2300 µm. The phialides were biseriate with
metulae covering the entire vesicle’s surface (Figure 1C). The vesicles were large, globose (Figure
1D) to nearly spherical (Figure 1E) with average size of 30 - 80 µm wide. Conidia were globose
to subglobose with occasionally finely rough (Figure 1F) to very rough with irregular ridges and
bars (Figure 1G). Average size of conidia was 2.4 - 5.0 µm in diameter and occasionally arranged
in chain.
For all the isolates of A. niger from rice, groundnuts, spices, corn grains, agricultural soil
and indoor environment, the microscopic characteristics observed were similar. In the present
study, the average width and length of conidiophores and vesicles observed were within the range
of A. niger conidiophores and vesicles described by [2]. The shapes and textures of conidiophores,
vesicle and conidia were similar with the descriptions by [2, 3, 4]. However, the conidial diameter
(2.4 - 5.0 µm) was smaller than the size described by [2, 3, 4] of which the sizes were from 3.0 5.0 µm.
Aspergillus niger is one of the ubiquitous fungi found in the soil and subsequently can act as
saprophyte. In indoor environment, A. niger is also among the prevalent indoor fungi and could
easily found in any type of buildings. The findings of the present study were in accordance with
previous reports in which A. niger was prevalent in many types of soil and indoor environment
[19, 11, 12, 13, 7, 14]. The ability of the A. niger conidia to remain dormant in soil and air during
unfavourable condition for growth might be one of the possible reasons. Aspergillus niger is also
one of common spoilage fungi contaminated spices, ground nuts and corn grains [15, 16]. Thus,
the conidia of A. niger is well designed for airborne dispersal and could grow when favorable
environment are available [17].
Aspergillus aculeatus
Aspergillus aculeatus produced very dark brown to purple brown conidial heads (Figures
2A - B) and exudates were present (Figure 2B). The conidiphores were thick and smooth-walled
(Figure 2C) with average width and length of 4 - 19 X 171 - 1150 µm. The phialides were uniseriate
with metulae covering the entire vesicle’s surface (Figure 2D). The vesicles were large, globose
to elongate (Figure 2D) with average size of 20 - 68 µm wide. Conidia were slightly brown,
globose to subglobose (Figure 2E). Ellipsoidal conidia with echinulate and evenly spaced spines
were also frequently formed (Figure 2F). Average sizes of conidia were 2.6 - 5.3 µm in diameter
and irregularly arranged in chain.
The distinguishing characters to differentiate between A. niger and A. aculeatus were the
formations of phialides and the shape and size of conidia. In this study, A. niger produced biseriate
phialides while A. aculeatus produced uniseriate phialides. According to [18, 19], phialides
features can be used as one of the criteria to identify and characterize species of black Aspergillus,
as biseriate species or subgroup showed morphological differences compared to uniseriate species.
Previous studies have also shown that phialides formation and features were useful for preliminary
identification and characterization of black Aspergillus from different sources or substrates such
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as isolates from grapes [20], indoor environment [21], corn and soil [22]. Similar with A. niger, A.
aculeatus is also common fungi found in food and feed [23] and in the soil [9]. Aspergillus
aculeatus has also been reported to improve Cd tolerance and reduce Cd transportation in rice
plant [24]

Figure 1. Microscopic characteristics of A. niger. (A) Very dark brown to black conidial
heads; (B-C) Long, smooth-walled conidiophores (SEM); (D) Biseriate phialides with globose
vesicle; (F) Biseriate phialides with nearly spherical vesicles; (F) Globose conidia with finely
rough surface (SEM); (G) Subglobose conidia with very rough surface (SEM)
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Figure 2. Microscopic characteristics of A. aculeatus. (A-B) Very dark brown to purple
brown conidial heads; (C) Thick, smooth-walled conidiophores (SEM); (D) Uniseriate
phialides; (E) Slightly brown globose to subglobose conidia; (F) Ellipsoidal conidia with
echinulate surface (SEM)
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Although, morphological characteristics of A. aculeatus are very similar and easily
confused with another species of black Aspergillus which is A. japonicus, both species can be
distinguish based on ellipsoidal conidia and wider size of vesicles (14-68 µm). In the present study,
the formation of conidia and size of vesicles were used to identify the isolates of A. aculeatus from
different substrates and to differentiate this species from A. japonicus which were similar with the
descriptions by [2, 3, 25].
In conclusion, the phialides formation or seriation and conidial shape and size were used
to distinguish between A. niger and A. aculeatus which can assist in morphological identification
of both species of black Aspergillus.
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