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Agarwood (Oudh), is often used by people in the Kingdomof Saudi Arabia. The Oudh has beenmentioned in
the Hadith and is traditionally used for its aroma (perfuming smell) and potential medicinal applications.
The aim of the studywas to isolatemycotoxigenic fungi that grow on agarwood and the factors and storage
conditions that enhance their growth potential. In addition to the detection of associated mycotoxins like:
Aflatoxin B1 (AFB1) and ochratoxin A (OTA) from agarwood. Agarwood samples were collected from local
markets of Jeddah governorate, Kingdom of Saudi Arabia. Standard dilution plate method was used for the
isolation of fungi. Isolated fungi were identified based on morphological characteristics and confirmed
using molecular biology techniques. AFB1 and OTA were detected by High Performance Liquid
Chromatography (HLPC). The results indicated that the most commonly isolated fungal genera were in
the following descending order: Aspergillus, Penicillium, Fusarium and Rhizopus. Among Aspergillus genera,
A. flavus and A. ochraceus were detected based on their morphology and confirmed by PCR using specific
primers. It was also noted that AFB1 was released by 15.3 and 55.0% of A. flavus and A. parasiticus isolates
respectively with levels reaching up to 14.60 mg/L. The moisture content in the samples ranged from 3%
to 10% affected fungal growth. AFB1 was detected in 22 out of 50 of the samples. The maximum level of
AFB1 (50.7 mg/kg) was detected in samples with higher moisture content (12%) stored at a temperature
of 32 �C. Aspergillus fungi were found to be the most predominant fungal genera found on agarwood.
Moisture content (9–10%) and storage temperature (32 �C) stimulated fungal growth and their ability to
producemycotoxins. For this reason, storage conditions at themarketing place should be adequate in order
not to provide a conducive environment for fungal growthwhich is associatedwith themycotoxin produc-
tion. In order to prevent fungal growth andmycotoxin production, it would be recommended to store agar-
wood at temperatures not exceeding 25 �C and moisture content of up to a maximum of 5–6%.
� 2017 Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction trunk of some Aquilaria species tree (Thymelaeaceae)
Agarwood (Known in Arabic as Oudh) is a dark resinous wood
product of relatively high economic value originated from the
(Sangareswari@Nagajothi et al., 2016). It is formed as a defence
reaction of trees either physically or chemically when they are
exposed to biotic and abiotic stresses. Agarwood essential oil is
used as perfumes in Western cities, whereas agarwood smoke
and oil are customarily used as perfumes in the Middle East
(Sangareswari@Nagajothi et al., 2016). Agarwood incense, when
burned, produces a pleasant aroma, which can be used as a general
perfume or as an element in important religious occasions and its
essential oil is the most important ingredient in high-end perfumes
because of its unique fragrance (Zhang et al., 2012).

The occurrence of toxigenic mycoflora and mycotoxins in
medicinal and herbal plants has been confirmed and the two main
of Bio-
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genera that produce mycotoxins are Aspergillus and Penicillium
(Rodriguez-Amaya and Sabino, 2002). Several environmental fac-
tors influence fungal proliferation and mycotoxin production,
whereas temperature, moisture, and relative humidity are consid-
ered the most severe (Bhat and Vasanthi, 2003).

Some negative effects caused by the use of contaminated herbal
drugs on human have been reported (Vartika and Shanta, 2005).

Mycotoxins such as aflatoxins (AFs) and ochratoxin A (OTA), the
secondary metabolites produced by Aspergillus spp. are of great
concern and are an emerging issue in many countries especially
in humid tropics (FAO, 1991). The International Agency for
Research on Cancer categorized aflatoxins as class1 carcinogens,
as they are highly poisonous, toxic substances (IARC, 1993). Thus,
direct exposure to aflatoxin-contaminated commodities may
impose a great risk to the consumer. There are many factors
involved in mycotoxin infectivities such as biological factors, har-
vesting, storage and processing conditions and climate change
which is the most important factor (Arijit et al., 2013).

Modern molecular techniques are rapid, specific and sensitive,
their application is being increasingly used for microbial species
identification. Molecular techniques have been used to ascertain
the aflatoxigenicity of A. flavus and A. niger fungi in food and feed
(Toma and Abdulla, 2013).

The agarwood shelf life will be expanded if not exposed to fun-
gal infestation. Up till now, no reports are available for the micro-
biological quality of agarwood. Therefore, the present study was
designed to shed the light on the safety of agarwood (Oudh)
through isolation of mycotoxigenic fungi as well as detection of
AFB1 and OTA contaminants in agarwood samples collected from
local markets of Jeddah governorate, Kingdome of Saudi Arabia.
On the other hand, the effect of environmental conditions on the
level of AFB1 in agarwood samples was studied.
2. Methodology

2.1. Agarwood samples

Fifty different agarwood samples were randomly purchased
from local markets in Jeddah Governorate, Kingdom of Saudi
Arabia. Each sample was placed in a dry sealed sterile container
and kept in a refrigerator at 5 ± 2 �C until used.
2.2. Fungal isolation

Standard dilution plate: Ten grams of each agarwood sample
were transferred into 250 mL screw-capped medicinal bottle con-
taining 90 mL of sterile distilled water and prepared as described
by (Toma and Abdulla, 2013).

Appropriate tenfold serial dilution was prepared and 1 mL of
suitable dilutions of the resulting samples suspensions was used
to inoculate a set of three Petri dishes each containing 15 mL
Potato Dextrose Agar (PDA) or Rose Bengal Agar (RBA) medium
(Laboratories Conda, Madrid, Spain). Plates were then incubated
for 7 days at 28 ± 2 �C. The developing fungal colonies were
counted and the average numbers per gram dry sample were
determined and expressed as Colony Forming Units (CFU) of the
sample (Sahab et al., 2014).
2.3. Identification of the fungal genera

Fungal isolates were sub-cultured for purification and then
identified on the basis of their colony morphology and spore char-
acteristics (Rajankar et al., 2007).
Please cite this article in press as: Al-Hindi, R.R., et al. Isolation and molecular
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2.4. Molecular identification of fungi

Genomic DNA was extracted from pure mycelial cultures of the
fungal isolate; grown on PDA using Extract-N-Amp Plant PCR Kit
(Sigma–Aldrich Co., USA) following the manufacturer’s instruc-
tions. The crude lysate (freshly prepared) was subjected to18S
rDNA PCR partial amplification using the protocol of Gene Jet geno-
mic DNA purification kit. Identification of the fungal isolate was
performed based on molecular genetic analysis using the internal
transcribed spacer region (ITS). Partial sequences of the isolates
18S rDNA were obtained using a strategy based on Boekhout
et al., 1994. A divergent 50 domain of the gene was amplified using
primers forward (50-AGAGTTTGATCCTGGCTCAG) and reverse (50-
GGTTACCTTGTTACGACTT). DNA amplification involved the 25
cycles. Amplified products were isolated with a silica matrix (Gen-
eclean II Kit; Bio 101). Sequencing results were individually
inputted online into the nucleotide BLAST program (BLASTN
2.2.29) through the NCBI database (http://blast.ncbi.nlm.nih.gov/)
to identify the isolates (Altschul et al., 1997).

2.5. Ability of isolated fungi to produce mycotoxins

Each fungal isolate (A. flavus, A. parasiticus, A. ochraceus and A.
niger) was inoculated into 250 mL Erlenmeyer flasks containing
50 mL Potato dextrose broth (PDB), and incubated at 28 ± 2 �C for
7 days. AFB1 and OTA were extracted according to following
methods.

2.6. Mycotoxin standards

Aflatoxin B1 and ochratoxin A standards were purchased from
Sigma–Aldrich Chemical Co. St. Louis, MO, USA.

2.7. Analyses of aflatoxin B1

Agarwood samples (25 g) or cultures were mixed with 125 mL
methanol/water (70/30 v/v) and homogenated at high speed for
1 min. The extract was filtered using Whatman No. 4 and collected
in a vessel. Fifteen milliliters of the filtrate was diluted with 30 mL
of purified water and filtered through a glass microfiber filter. Ten
mL of filtrate was passed through an immunoaffinity columns,
AflaTest�, (VICAM, Watertown, MA, USA) followed by 5 mL of puri-
fied water. The extract was eluted with 1.0 mL methanol HPLC
grade (BDH Laboratory supplies, Pool, England, UK) at a rate of
1–2 drops/s and then evaporated to dryness under a stream of
nitrogen and analyzed using HPLC.

2.8. Analysis of ochratoxin A

Agarwood samples (10 g) or cultures were mixed in a blender
for 1 min with 72 mL of acetonitrile/water (60/40) and filtered.
The acetonitrile was evaporated under nitrogen, 30 mL of water
was added and the extract was partitioned with 30 mL of chloro-
form which then evaporated under nitrogen. OTA was analyzed
using HPLC.

2.9. HPLC system

HPLC system consisting of a Waters Binary pump Model 1525, a
Rheodyne manual injector, a 2475 multi-wavelength fluorescence
detector (Waters, Milford, MA, USA). Column type and size: C18,
250 � 4.5 mm I.D., 5-micron particle size. The mobile phase ace-
tonitrile/water/methanol (1/6/3 v/v/v) was used for the separation
of AFB1 at ambient temperature at a flow rate of 1.0 mL/min.
Mobile phase acetonitrile/water/acetic acid (99/99/2 v/v/v) was
used for the separation of OTA at a flow rate of 1.0 mL/min.
characterization of mycotoxigenic fungi in agarwood. Saudi Journal of Bio-
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2.10. Determination of moisture content

Ten grams of each sample were dried in an oven at 100 �C for
two hours to determine their moisture content on the basis of
weight loss using the following formula:

MC ¼ IW � FW
IW

� 100

where MC = moisture content; IW = initial weight; FW = final
weight (Essono et al., 2007).

2.11. The effect of storage conditions on AFB1 production

Twenty-five grams of agarwood were washed by sterilized
water for three minutes and then soaked in another 40 mL over-
night in Erlenmeyer flasks and the moisture content was adjusted
individually to 6%, 8%, and 10% before the start of the experiment
with sterilized water. The flasks were inoculated with one mL of
A. flavus spore suspension (1mL of 1.0 � 105) and then the flasks
were incubated at three different temperatures (25, 28 and
32 ± 2 �C) for 21 days. AFB1 were estimated after 7, 14 and 21 days.
3. Results

3.1. Isolation and morphological identification

Analysis of different fungal species isolated from agarwood
samples for morphological and cultural characteristics showed
that there was variation in the colony colour, margins, and texture
and colony reverse colours. The fungal analysis of the agarwood
samples showed that 601 and 633 of the fungal isolates were
counted on PDA and RBA media respectively. The isolated species
belonged to four different genera; namely, Aspergillus spp., Fusar-
ium, Penicillium, and Rhizopus. However, the most common genus
was Aspergillus spp. as shown in Figure 1.

Among Aspergillus genus isolated from agarwood samples on
RBA media; A. flavus, A. niger, A. ochraceus and A. parasiticus. Both
A. flavus and A. parasiticus were detected in 78.0 and 60.0% of the
Figure 1. Occurrence of isolated fungi on Potato dextro

Table 1
Sequence producing significant alignments for the Aspergillus flavus isolate.

Description M

Aspergillus flavus strain GHBF09 18S ribosomal RNA gene, partial sequence 1
Aspergillus flavus isolate EFB2.3A 18S ribosomal RNA gene, partial sequence 1
Aspergillus tamarii strain ZJUT ZQ013 18S ribosomal RNA gene, partial sequence 1
Aspergillus sp. JFS 18S ribosomal RNA gene, partial sequence 1
Aspergillus sp. F3 18S ribosomal RNA gene, partial sequence 1
Aspergillus sojae strain JPDA1 18S ribosomal RNA gene, partial sequence 1
Aspergillus oryzae 16S ribosomal RNA gene, partial sequence 1
Aspergillus sp. HDJZ-ZWM-46 18S ribosomal RNA gene, partial sequence 1
Aspergillus oryzae strain Yz12 18S ribosomal RNA gene, partial sequence 1

Please cite this article in press as: Al-Hindi, R.R., et al. Isolation and molecular
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samples respectively while A. niger and A. ochraceus were detected
in 72.0 and 58.0% of the samples respectively. It was also noticed
that A. carbonaris was not detected on RBA media, whereas it
was detected on PDA media.

The percentage of occurrence of fungi in agarwood samples was
calculated to the total number of fungal isolates and to the total
Aspergillus species. Aspergillus niger recorded the highest count
(26.95% and 35.06%) of the total fungal isolates and total Aspergillus
species respectively on PDA media, followed by A. flavus (22.29%
and 29%), A. parasiticus (15.54% and 20.34%), A. ochraceus (7.48%
and 9.74%) and A. carbonaris (4.49% and 5.84%) in descending order.
Using RBA, the results were as follows in a descending order:
Aspergillus niger recorded the highest count (25.27% and 29.30%)
of the total fungal isolates and total Aspergillus species respectively,
followed by A. flavus (23.53% and 27.28%), A. ochraceus (18.79% and
21.79%), A. parasiticus (18.64% and 21.61%), and A. carbonaris was
not detected at all.
3.2. Molecular identification of Aspergillus flavus and Aspergillus
ochraceus isolates

The molecular identification of the fungal isolates was per-
formed by partial 18S rDNA sequencing. The apparent size of the
PCR amplicon was 682 bp, and 550 bp for Aspergillus flavus and
Aspergillus ochraceus respectively. The obtained 18S rDNA nucleo-
tide sequence was compared with available 18S ribosomal
sequences in the NCBI database using BLASTN. The fungal isolates
were found to be closely related to Aspergillus flavus strain GHBF09
(Accession No. KC987360.1) and to Aspergillus ochraceus strain
IHEM 18887 (Accession No. KP131611.1) (Tables 1 and 2, respec-
tively). As a result, phylogenetic trees were mapped using the
neighbor joining method (Figures 2 and 3, respectively).
3.3. Ability of isolated fungi to produce mycotoxins

Regarding the capability of Aspergillus species isolated from dif-
ferent agarwood samples to produce mycotoxins (AFB1, OTA) was
estimated after incubation for 14 days at 28�. Data revealed that
se agar (PDA) and Rose Bengal agar (RBA) media.

ax. score Total score Query cover E value Ident. Accession #

260 1260 100% 0.0 100% KC987360.1
229 1229 100% 0.0 99% KF691806.1
223 1223 100% 0.0 99% KJ470706.1
223 1223 100% 0.0 99% KF515276.1
223 1223 100% 0.0 99% KF562826.1
223 1223 100% 0.0 99% KF175513.1
223 1223 100% 0.0 99% KC842216.1
223 1223 100% 0.0 99% KC120773.1
223 1223 100% 0.0 99% JX489381.1

characterization of mycotoxigenic fungi in agarwood. Saudi Journal of Bio-
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Table 2
Sequence producing significant alignments for the Aspergillus ochraceus isolate.

Description Max.
score

Total
score

Query
cover

E
value

Ident. Accession #

Aspergillus ochraceus strain IHEM 18887 isolate ISHAM-ITS_ID MITS290 18S ribosomal RNA gene, partial
sequence; internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2,
complete sequence; and 28S ribosomal RNA gene, partial sequence

942 942 100% 0.0 100% KP131611.1

Aspergillus ochraceus strain SRRC 65 18S ribosomal RNA gene, partial sequence; internal transcribed spacer
1, 5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal
RNA gene, partial sequence

942 942 100% 0.0 100% AY373855.1

Aspergillus pallidofulvus 18S rRNA gene (partial), ITS1, 5.8S rRNA gene, ITS2 and 28S rRNA gene (partial),
culture collection CCF<CZE>:4081

942 942 100% 0.0 100% FR733832.1

Aspergillus pallidofulvus 18S rRNA gene (partial), ITS1, 5.8S rRNA gene, ITS2 and 28S rRNA gene (partial),
culture collection CCF<CZE>:1870

942 942 100% 0.0 100% FR733831.1

Aspergillus pallidofulvus 18S rRNA gene (partial), ITS1, 5.8S rRNA gene, ITS2 and 28S rRNA gene (partial),
culture collection CCF<CZE>:1893

942 942 100% 0.0 100% FR733830.1

Aspergillus melleus 18S rRNA gene (partial), ITS1, 5.8S rRNA gene, ITS2 and 28S rRNA gene (partial), strain
CECT 2092

942 942 100% 0.0 100% FM986318.1

Aspergillus ochraceus strain AS III 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1,
5.8S ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal
RNA gene, partial sequence

942 942 100% 0.0 100% EU805804.2

Aspergillus sp. NRRL 4789 internal transcribed spacer 1, 5.8S ribosomal RNA gene, and internal transcribed
spacer 2, complete sequence; and 28S ribosomal RNA gene, partial sequence

942 942 100% 0.0 100% EF661423.1

Aspergillus sp. NRRL 4748 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.8S
ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence

942 942 100% 0.0 100% EU021613.1

Aspergillus sp. 245A 18S ribosomal RNA gene, partial sequence; internal transcribed spacer 1, 5.8S
ribosomal RNA gene, and internal transcribed spacer 2, complete sequence; and 28S ribosomal RNA
gene, partial sequence

931 931 100% 0.0 99% GQ120974.1

Figure 2. Phylogenetic tree based on partial 18S rDNA sequences of Aspergillus flavus.

Figure 3. Phylogenetic tree based on partial 18S rDNA sequences of Aspergillus ochraceus.
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Figure 4. Fungal counts of agarwood samples with different moisture content.
Results are mean ± SD of three replicates.

R.R. Al-Hindi et al. / Saudi Journal of Biological Sciences xxx (2017) xxx–xxx 5
about 15.4% and 55.0% of A. flavus, and A. parasiticus isolates
respectively were able to produce AFB1 with a range from 1.6 to
12.4 and from 3.4 to 7.9 mg/l respectively. However, the ability of
A. ochraceus and A. niger to produce OTA revealed that 25.0 and
18.2% of both isolates were able to produce OTA.

3.4. The effect of moisture content on fungal count

On studying the effect of different moisture content on the fun-
gal count, results showed that the lowest counts of fungi (6.0 � 102

and 10.71 � 102 CFU/g) were detected in the samples with 3–4%
moisture content. The fungal counts increased with the increase
of the moisture content (Figure 4). The fungal counts in samples
with 8–9% moisture recorded 17.58 � 102 and 16.06 � 102 CFU/g
on PDA and RBA media respectively. Results also revealed that
samples with moisture content 6–7% showed high total fungal
count (15.2 � 103 CFU/g), which might be due to the presence of
high content of oil in the ground samples.

3.5. The effect of moisture contents on mycotoxin production

Data showed that contaminated samples with AFB1 ranged had
a moisture content between 27.0% and 45.0% for the samples with
3–6% and 6–8% moisture contents respectively. On the other hand,
the percentage of contaminated samples with OTA had a moisture
content ranging between 18.0 to 55.0%. The levels of AFB1 for the
samples with different moisture contents varied recording 7.76
to 11.60 mg/kg for lower and moderate moisture contents respec-
tively. The maximum concentrations of AFB1 and OTA reached
12.40 and 6.30 mg/kg respectively for the samples with higher
moisture content.

3.6. The effect of storage conditions on AFB1 production

The current results showed that the biosynthesis of AFB1

increased as a result of increasing moisture and temperature dur-
ing storage period. The detected levels of AFB1 for the samples with
4.0% moisture content and stored at 25 ranged between 5.8 and
7.5 mg/kg respectively during the incubation period. The maximum
level of AFB1 recorded 50.7 mg/kg after 21 days at 32 ± 2 �C for sam-
ples with 12.0% moisture.

4. Discussion

To our knowledge, this study is considered the first report on
the mycotoxigenic fungi as contaminants of agarwood. Approxi-
mately 633 isolates were counted from the tested samples which
are in good harmony with those recorded by Singh et al. (2008)
Please cite this article in press as: Al-Hindi, R.R., et al. Isolation and molecular
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who isolated a total of 858 fungal species from the raw materials
of different medicinal plants. Mandeel (2005) isolated a total of
665 fungal isolates, representing 14 species from seventeen
imported raw spice samples obtained from retail outlets. Similar
results were reported by Nagajothi et al. (2016) who revealed that
17 isolates were collected from agarwood in India that was identi-
fied based on the morphological and molecular studies, whereas
Turjaman et al. (2016) reported that over than 20 fungal species
have been identified in the aromatic agarwood. The percentage
of Aspergillus infection of agarwood samples reached 90 and 96%
on PDA and RBA media respectively and was considered the most
common isolated genus. Similar results were reported by Bokhari
(2007) who found that Aspergillus was the most common genus
in the different spices tested collected from Saudi Arabia. Singh
et al. (2008) reported that the most dominant genus causing infec-
tion to most of the raw materials was found to be the genus Asper-
gillus. Bugno et al. (2006) investigated medicinal plants for the
fungal contamination and found that 89.9% of the isolates belonged
to Aspergillus and Penicillium genera. In recent studies Nagajothi
et al. (2016) and Turjaman et al. (2016) revealed that the agarwood
was naturally infected with Aspergillus, Fusarium and Penicillium
among other fungal species.

Among the Aspergillus genus, Aspergillus flavus, A. ochraceus, A.
parasiticus and A. niger, were the most commonly isolated fungi.
Wang et al. (2013) reported that more than 93% of different Chi-
nese herbal medicines were contaminated with different species
of fungi. The presence of high percentages of mycoflora particularly
isolates belonging to Aspergillus is important because these species
are known to produce mycotoxins and cause mycotoxicosis to
human and animals (Bennett and Klich, 2003).These findings are
in good harmony with those recorded by Moorthy et al. (2010)
and Kong et al. (2014).

The classification and identification of Aspergillus have been
based on phenotypic characters but in the last decades was
strongly influenced by molecular and chemotaxonomic character-
ization (Hathout, et al., 2015), (Abdel-Hadi et al., 2010). Various
molecular approaches have been used previously for rapid detec-
tion of Aspergillus from environmental and clinical samples
(Henry et al., 2000). Automated molecular techniques are presently
under commercial development for identification of fungal patho-
gens (Loeffler et al., 2002).

Our results revealed that some of the identified Aspergillus fungi
were able to produce mycotoxins (AFB1, OTA). This may be due to
the presence of A. flavus in the powdered samples which initially
colonizes the substrate and produce the AFs (Singh, et al., 2008,
Mandeel, 2005, Dereje, et al., 2009). The potential risk of A. niger
in stored agarwood should also be considered, according to previ-
ous reports (Noonimabc et al., 2009) which recorded that the occa-
sional isolates of A. niger can produce OTA, fumonisin B2,
sterigmatocystin which exhibits acute toxic, carcinogenic, muta-
genic, teratogenic, immunotoxic or oestrogenic effects in animals
and humans (Bennett and Klich, 2003, Frisvad, et al., 2005,
Zinedine, et al., 2006). The results of this investigation revealed
that several toxigenic fungal metabolites could be present in the
same samples since about 12 and 8% of the samples with lowmois-
ture content were contaminated with AFB1 and OTA respectively.
Moreover, the same isolate can produce different mycotoxins as
mentioned above. Similar results were reported by Tassaneeyakul
et al. (2004) who found that 18% of herbal samples were contam-
inated with a detectable amount of the total AFs.

Our results revealed that the moisture content in agarwood
samples ranged between 3.2% and 9.8%, which was considered
lower than that of Moorthy et al. (2010) who reported that mois-
ture content ranged from 6.31% to 12.99% in all spices samples
and herbal drugs. These results indicated the potential ability of
fungi for growth if the moisture content arises during processing,
characterization of mycotoxigenic fungi in agarwood. Saudi Journal of Bio-
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transportation, and inadequate storage conditions. Many research-
ers found the high temperature is considered a major factor influ-
encing fungal growth and consequently aflatoxin contamination
(Kaaya and Kyamuhangire, 2006). Alborch et al. (2011) added that
moisture content and temperature are the two key environmental
factors that influence the growth of fungi. Nonetheless, few coun-
tries have effectively established regulations as for Aflatoxins (AFs)
in the medicinal plant. For instance, the maximum tolerable limit
for AFs allowed in the European Union (EU) member States has
been set at 5 mg/kg for AFB1 (EC, 2006). AFB1 and OTA levels in
our results are in safe limits and in good harmony with those
recorded by Moorthy et al. (2010). However, the results showed
that these levels were lower than those recorded for AFB1

(69.28 lg/kg) for some dried spices and herbs in Qatar State
(Abdulkadar et al., 2004) and for OTA (33.0 lg/kg) as recorded by
Karan et al. (2005). Moreover, the current results showed that
the high production of AFB1 occurred under the high temperature,
high moisture, and long term storage. From this overview, we
noticed that the lower temperature and initial moisture influenced
not only the rate of fungal spoilage but also the production of
mycotoxins. It was also noticed that high moisture content and
temperature is optimal for mycotoxin biosynthesis in agarwood
(Akbar et al., 2016). Hygiene and sanitation from harvest to storage
are key factors in eliminating sources of infection and reducing
levels of contamination. So it is necessary to establish the Hazards
Analyses Critical Control Point (HACCP) during storage and import-
ing agarwood from its origin country to consumers.

5. Conclusion

This study concluded that Aspergillus sp. contaminated agar-
wood samples during marketing and under storage. The ability of
isolated mycotoxigenic Aspergillus sp. to produce AFB1 and OTA
was based on different storage conditions. The AFB1 and OTA pro-
duction levels in our results are in safe limits but alarming and
raising a question mark for the safety of agarwood. Moisture con-
tent and temperature are considered the two main environmental
factors that influenced fungal growth and consequently mycotoxin
production.
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