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Bread Spoilage Fungi as Creators of a-Amylase Using
Two Types of Wheat Flour

Aisha M. H. Al-Rajhi,2 Hanan Moawad,” Mohamed M. Alawlagi,® Hashim R.
Felemban,®® and Tarek M. Abdel Ghany &*

Fungal spoilage of bread can be a great problem; however, it can be
explored as a producer of enzymes. The fungi were isolated from breads,
and their activity for a-amylase production was planned. The results
identified nine fungi on spoiled breads. Aspergillus fumigatus occurred
with 85% frequency, followed by other isolates. Starch yeast (SY), white
flour (WF), and black flour (BF) were applied as substrates for a-amylase
activity using fungal isolates. The SY was the best, followed by WF and
BF for a-amylase activity. Using SY, A. niger showed the greatest potency
for a-amylase (7.67 U/mL) unlike Monilia sitophila, which reflected low a-
amylase activity (2.69 U/mL). Using WF, A. fumigatus reflected high
amylase activity (5.76 U/mL) while A. niger, A. terreus, and Penicillium
expansum showed less activity (5.12 U/mL, 4.41 U/mL, and 3.56 U/mL,
respectively). The temperature 30 °C and pH 6 were the optimum for a-
amylase activity by A. niger, A. fumigatus, and P. chrysogenum, using the
three media, but a-amylase activity of A. fumigatus at 40 °C was higher
than at 20 °C. At the ninth day of incubation, the maximum a-amylase

activity was reported using SY, while at the twelfth day, maximum activity
was reported using WF and BF.
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INTRODUCTION

Amylases are starch-hydrolyzing enzymes derived from different sources of living
organisms (Abu et al. 2005). There are different types of amylases, from which are a-
amylases that catalyze the breakdown of internal linkages of a-1,4-glycosidic in starch
molecules to simple molecules, including maltose, glucose, and maltotriose (Anto et al.
2006; Rajagopalan and Krishnan 2008). Microbial amylases are being explored more due
to greater simplicity of large-scale manufacturing compared to plant and animal amylases
and their relevance in ensuing use at industry level (Ali et al. 2023; Premalatha et al. 2023).

Amylases from fungi are widely applied for the formulation of oriental foods (Sidar
et al. 2023). According to several studies, fungi such as Aspergillus niger may synthesise
a variety of enzymes to hydrolyse complex polysaccharides into simple compounds, which
are then utilized for development and reproduction (Abdelghany and Bakri 2019; Al
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Abboud et al. 2022; Bakri et al. 2022; Al-Rajhi et al. 2022a, 2022b). Several investigations
tried bread waste as raw substrates for enzyme creations, including protease and
glucoamylase, utilizing different microorganisms such as Aspergillus sp. (Melikoglu et al.
2015), Thermomyces sp. (Cerda et al. 2016), Monascus purpureus (Haqgue et al. 2016), and
Rhizopus oryzae (Benabda et al. 2019). Because of numerous advantages, such as
availability and cost, bread waste is an effective component for production of enzymes.

a-Amylases addition to bakery products promotes enhancing the acceptance of
consumers to these products (Ait Kaki El-Hadef EI-Okki et al. 2017). Some studies
recommended the addition of fungal a-amylases as safe additives (Goesaert et al. 2005).
According to a review report of Movahedpour et al. (2022), microbial a-amylases
contribute to the success of several industries such as fermentation, food, textile, detergent,
paper, distilling, brewing, and pharmacological processes. The fermentation rate of wheat
dough was accelerated as a result of a-amylase addition that provides easy degradable
sugars like maltose and malto-oligosaccharides required for yeast growth (Struyf et al.
2017). Aspergillus fumigatus was isolated and showed a great source of amylase (Singh et
al. 2014), these enzyme can be cost efficiently utilized in textile wet processing. The
activity of microbial enzymes is critically affected by physical and nutritional factors as
well as varies according to microbial creator (Deshmukh et al. 2011). As mentioned in
earlier studies, foods with high carbohydrate content in addition to other constituents make
them ideal substrates for microbial development and enzyme synthesis (Ravindran and
Jaiswal 2016; Siglienza-Andrés et al. 2022).

Although some fungi are considered toxic and unsafe, they are widely used in many
industrial applications. This overlap baffled many non-specialists in the field of mycology,
which prompted mycologists to explain this mystery. Earlier reports indicated that the
fungal secondary metabolites, as well as enzymes production may be regulated by
exogenous compounds and minerals (Abdelghany 2006). To avoid the mycotoxigenic
properties of Aspergillus niger, the used strains in the biotechnological industry have been
developed via mutagenesis and genes deletion responsible for toxins production (Susca et
al. 2014). Also, Frisvad et al. (2018) mentioned that the industrial strains of A. oryzae are
not able to synthesize toxins because of the existence of deactivating mutations in the
cluster of genes. So, some strains used in the enzyme production are selected based on the
deleted genes of cyclopiazonic acid and aflatoxin production.

Aspergillus oryzae, A. awamori, and A. niger as a fungal source of a-amylase
contribute to a relatively large commercial production of a-amylase (Goto et al.1998),
while Penicillium chrysogenum and A. fumigatus are also applied for the same purpose but
in the solid state fermentation practices (Goto et al.1998; Singh et al. 2014, 2021). Large
quantities of a-amylase have been created from mesophilic or thermophilic fungi (Kamaraj
et al. 2020). Constituents of bread encourage fungi growth and thereof are proliferated at
many stages of bread manufacture, including production, packaging, and storage. Fungi
represent the major causative of bread spoilage are able to be developed under an excessive
variation of circumstances (Melini and Melini 2018). The aim of this investigation was to
isolate some fungi from two types of breads its activity for a-amylase production with some
optimization conditions.
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EXPERIMENTAL

Collection, Contents of Breads Samples, and Fungal Contamination
Processing

Two common types of white bread (WB) and black bread (BB) were collected from
a bakery market in Egypt. According to the procedures of Cheesbrough (2008), the contents
of breads including ash, protein, and carbohydrate were estimated. Where the protein
content was determined via detection of total nitrogen (N) by Kjeldahl method, where the
protein content was expressed as N x 6.25. Bread content of ash was assessed via burning
of five g of bread porcelain crucible (pre-weighed known) for 6 h at 600 °C in a muffle
furnace. The summation of bread contents including ash (%), protein (%), moisture (%),
and % fat (%) was calculated. Then the total of carbohydrates was calculated as 100-bread
contents. The collected breads were taken in sterile plastic bags to the lab, where they were
kept under shade and humidity conditions. These conditions encourage and stimulate the
growth of any fungal spores that filled on the breads from the bakery environment. They
were checked daily for 6 days until fungal spoilage appeared. Via sterile insulated needle,
the developed colonies on the spoilt bread were carefully transferred to Potato Dextrose
Agar (PDA), and then incubated for 5 days at 28 °C to develop the fungal colonies.

Identification of Fungi

The developed fungal colonies were purified via transferring several times on PDA
medium until pure colonies of fungal isolates were obtained. The macro- and micro-
morphological fungal characteristics were examined to identify the fungal isolates
according to identification keys (Raper and Fennell 1973; Domsch et al. 1981; Samson et
al. 1981; Barnett and Hunter 1998). The fungal isolation frequency (Fr) of species was
recorded using the following formula:

No. of samples of occurrence of a species
b Peaes « 100

Fungal isolation frequency (%) = Total No. of samples

Amylase Activity Detection

Amylase activity of fungal isolates was detected via cultivation on three substrate
media including starch yeast (SY) that composed of 5.0 g starch, 2.0 g yeast extract, 1.0 g
KH2PO4, 0.5 g MgS04.7H20, and 1 L of water), wheat white flour (WF) (2%) used for
white bread, and wheat black flour (BF) (2%) used for black bread. All fungal isolates were
inoculated in flasks containing 100 mL of each medium, and then incubated under shaking
conditions for 8 days at 28 °C. The fungal metabolized culture was filtered, and then
centrifuged to obtain clear supernatants that were analyzed for amylase activity (Nouadri
et al. 2010).

Amylase Activity Assay

According to Miller (1959), the approach of detecting reducing sugars produced by
enzymatic hydrolysis of raw starch with dinitrosalicylic acid (DNS) was used to quantify
the amylase activity. According to Singh et al. (2014), the quantity of enzyme producing 1
umol of glucose (as reducing sugar) per minute under typical test circumstances was
considered one unit of amylase hydrolyzing substrate (starch). On the sample tube, 1 mL
of suspended starch in 1% of 0.1 M acetate buffer (pH 5.0) and 0.5 mL of crude enzyme
were added. The tubes were placed in a boiling water bath for 5 min to halt the reaction,
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and then centrifuged for 5 min at a speed of 3000 revolutions per minute. Eight mL of
distilled water was added to them after they had been steeped in boiling water for 5 min.
At 550 nm using a spectrophotometer, the optical density (OD) values of the sample and
control tubes were read against the blank tube. Absorbance values of the tubes containing
control and sample were subtracted, and the OD values of the reducing sugars produced by
the enzyme were recorded. Additionally, using the glucose standard graph previously
published by the DNS at 550 nm, the enzyme activity was estimated as units/mL (Nouadri
et al. 2010). The quantity of enzyme that liberated one pmol of reduced sugar per minute
was identified as one unit of amylase activity.

Effect of Different Incubation Period on Amylase Activity

Three fungal isolates based on the greater ability to amylase production were
selected for studying the effect of different conditions on the enzyme activity. Amylase
activity of the selected fungal isolates was estimated at different incubation periods (3, 6,
9, 12, and 15 days) using the three substrates media SY, WF, and BF. Two fungal mycelial
discs (6 mm diameter) were inoculated in flasks containing media, and then incubated at
28 °C. At the end of the incubation, amylase activity was estimated as described previously
(Saleem and Mohsen 2014).

Effect of Different Temperatures and pH on Amylase Activity

Amylase activity of the three potent fungal isolates was estimated at different
temperatures (10, 20, 30, 40, and 50 °C) using the three substrates media SY, WF, and BF.
Two fungal mycelial discs (6 mm diameter) were inoculated in flasks containing media,
and then incubated for 8 days. At the end of the incubation, amylase activity was estimated
as described previously. Amylase activity of the three potent fungal isolates was estimated
at determined at different pH ranging from 3 to 8. Two buffers were applied to adjusting
the pH (20 mM of acetate buffer with pH 3-5), and 20 mM of sodium phosphate buffer
with pH 5-8 as mentioned in case of temperature, but the inoculated isolates were incubated
at 30 °C.

Statistical Evaluation

The tests were performed in 3 replicates to analyze the standard deviation (SD).
The variance was planned by the SPSS ver. 22.0 software (version 14, IBM Corp., Armonk,
NY, USA).

RESULTS AND DISCUSSION

Two types of bread spoiled with fungi were used as a source of fungi-producing
amylase. Some contents of the two unspoiled breads were estimated including ash, protein
and carbohydrate. Ash, protein, and carbohydrate contents of white bread were 0.87, 4.43,
and 72.54% compared to the content of black bread that include 1.98, 11.54, and 64.12%,
of ash, protein, and carbohydrate, respectively (Table 1). These differences may affect the
contamination and the ability of fungi to invade the bread. The quality of bread dough
depends on these contents, as mentioned previously (Unachukwu and Nwakanma 2018).
Nine fungal isolates including Aspergillus niger, Aspergillus fumigatus, Aspergillus
terreus, Penicillium chrysogenum, Penicillium expansum, Rhizopus stolonifer, Mucor sp.,
Monilia sitophila, and Alternaria alternata were isolated from two contaminated breads,
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including white bread and black bread. In the current investigation, most of the fungal
isolates were isolated from white bread while black bread was less contaminated. These
results may explain the base flour content involved in bread making. Moulds are the reason
for the most spoilages of bread and are considered costly and a serious problem for bakery
products. Therefore, the application of preservatives is an important means to minimize
spoilage and certify safety (Suhr and Nielsen 2004). According to findings of Olempska-
Beer et al. (2006), the major bread spoilage molds are R. stolonifer, Mucor sp., Aspergillus
sp., Penicillium sp., and M. sitophila. Production of various hydrolytic enzymes was
associated to bread spoilage by these fungi that will facilitate them to use the nutrients of
bread product. Ability of these fungi to propagate and then cause bread spoilage may be
due to their capability to secrete the required enzymes to hydrolyze the constituents of
bread. The capability of various moulds isolated from bread is commercially applied for
enzyme production (Olempska-Beer et al. 2006). In recent study, Owolabi et al. (2023)
isolated Aspergillus flavus from millet flour, this fungus characterized with high potential
of amylase production. In the present study, A. fumigatus represent the most detected
spoilage isolates with high frequency (85%) followed by A. niger, R. stolonifer, Mucor sp.,
A. terreus, P. chrysogenum, P. expansum, A. alternate, and M. sitophila in white bread.
A. fumigatus, A. terreus, R. stolonifera, and Mucor sp. were detected while other fungi
were not detected in black bread (Fig. 2). In another report, Rhizopus sp. represents the
most fungal spoilage followed by Mucor sp., Aspergillus sp., and Penicillium sp. in bread
(Nirmala 2016).

Table 1. Nutritional Properties of White and Black Breads

Type of Bread Ash (%) Protein (%) Carbohydrate (%)
White bread 0.87 4.43 72.54
Black bread 1.98 11.54 64.12
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Fig. 1. White bread (WB) and black bread (BB); different samples including control sample not
exposed to fungal contamination (1) and samples exposed to fungal contamination (2 through 4)
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Fig. 2. Isolation frequency of fungal isolates from white bread (WB) and black bread (BB)

The isolated fungi Aspergillus niger, Aspergillus fumigatus, Aspergillus terreus,
Penicillium chrysogenum, Penicillium expansum, Rhizopus stolonifer, Mucor sp., Monilia
sitophila, and Alternata alternata were tested for amylase activity using starch yeast (SY),
white flour (WF), and black flour (BF) (Fig. 3). The SY was a suitable substrate for amylase
activity followed by WF and BF for all fungal isolates. A. niger was the most potent for
amylase activity (7.67 U/mL), while M. sitophila showed weak amylase activity (2.69
U/mL) using SY. In contrast, A. fumigatus was the best producer of amylase (5.76 U/mL)
compared to other fungi, such as A. niger (5.12 U/mL), A. terreus (4.41 U/mL), and P.
expansum (3.56 U/mL), using WF. According to previous study, several species of
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Aspergillus and Rhizopus were applied as a source of a-amylase (Anto et al. 2006; Gupta
et al. 2008). Different activities of hydrolytic enzymes were reported depending on the
growth medium as mentioned using fungal isolates from bread including A. niger and R.
stolonifer (Ahaota et al. 2010). A. niger and A. terreus were characterized as high amylase
producers in a recent study (Unal et al. 2022).
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Fig. 3. Amylase activity of fungal isolates cultivated on three mediums: starch yeast (SY), white
four (WF), and black flour (BF)

The highest producers of fungal isolates for amylase were screened for enzyme
productivity at different temperatures, from 10 to 50 °C (Figs. 4 through 6). It is clear that
30 °C was the optimum temperature for amylase activity by the three fungal isolates A.
niger (Fig. 4), A. fumigatus (Fig. 5), and P. chrysogenum (Fig. 6), using the three substrates
media SY, WF, and BF. The amylase activity increased with increasing temperature up to
30 °C, then decreased with temperature increment up to 50 °C; but for A. fumigatus,
amylase activity at 40 °C (7.56, 7.34, and 5.65 U/mL using SY, WF, and BF, respectively)
and 50 °C (7.05, 6.89, and 4.90 U/mL using SY, WF, and BF, respectively) was more than
activity at 20 °C (6.11, 5.56, and 4.08 U/mL using SY, WF, and BF, respectively) (Fig. 5)
unlike A. niger (Fig. 4). For P. chrysogenum, at 40 °C the amylase activity using SY and
WEF was higher that activity at 20 °C; however, a sharp decrease in amylase activity was
observed at 50 °C (1.26, 1.56, and 1.22 U/mL using SY, WF, and BF, respectively) (Fig.
6). Enzyme activity was inhibited at high temperature, possibly due to the creation of
metabolic heat in the growth media. Irfan et al. (2012) studied the optimization of
conditions either environmental or nutritional for the a-amylase production by A. niger and
Rhizopus oligosporus, where the optimum incubation period was 4 days and the optimum
temperature was 30 °C (Irfan et al. 2012). A. fumigatus revealed the best amylase activity
at 35 °C (Singh et al. 2014), possibly due to its thermophile properties (Abdelghany et al.
2019).
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Fig. 4. Amylase activity of A. niger at different temperatures on three mediums: starch yeast (SY),
white four (WF), and black flour (BF)
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Fig. 5. Amylase activity of A. fumigatus at different temperatures on three mediums: starch yeast
(SY), white four (WF), and black flour (BF)
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Fig. 6. Amylase activity of P. chrysogenum at different temperatures on three mediums: starch
yeast (SY), white four (WF), and black flour (BF)

The optimum incubation period for amylase activity of A. niger, A. fumigatus, and
P. chrysogenum was at the ninth day using SY substrate medium, where the activity was
7.65, 7.55, and 6.26 U/mL, respectively (Figs. 7 through 9). The maximum activity of
amylase was obtained at 12 days using WF and BF using the three fungi A. niger (Fig. 7),
A. fumigatus (Fig. 8), and P. chrysogenum (Fig. 9). At the 3™ day of the incubation period,
negligible activities of amylase were observed compared to other incubation periods for
the three fungal isolates. The less activity of amylase at 3" day may be due to little growth
of fungi, while less activity at 15" day may due to the decline or exhaustion of amylase
substrate. According to Abdelwahab (2015), prolonged cultivation durations caused the
culture of Aspergillus sp. to produce fewer enzymes due to lack of nutrients and the
development of other by-products in the media.
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Fig. 7. Amylase activity of A. niger at different incubation periods on three mediums: starch yeast
(SY), white four (WF), and black flour (BF)

Al-Rajhi et al. (2023). “Bread spoilage fungi,” BioResources 18(3), 5908-5923. 5916



PEER-REVIEWED ARTICLE b | oresources.com

Amylase activity (U/mL)
O = N W s~ U O N 0 WO

3 6 9 12 15
Incubation period (Day)

Fig. 8. Amylase activity of A. fumigatus at different incubation periods on three mediums: starch
yeast (SY), white four (WF), and black flour (BF)
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Fig. 9. Amylase activity of P. chrysogenum at different incubation periods on three mediums:
starch yeast (SY), white four (WF), and black flour (BF)

The effect of pH on the amylase activity of A. niger, A.fumigatus, and P.
chrysogenum was investigated also using the three substrate media (Figs. 10 through 12).
The optimum pH for amylase activity of the three fungi was 6. The acidic conditions pH <
6 were favourable comparing to the alkaline pH for amylase activity of the three fungi
using all substrates media. For instance, at pH 6, the amylase activity of A. niger was 7.64,
5.15, and 3.25 U/mL at pH 6, while it was 7.39, 5.06, and 3.16 U/mL at pH 5 compared to
the activity 5.71, 4.80, and 2.55 U/mL at pH 7 using SY, WF, and BF (Fig. 10). Similar
findings are obtained by Bellaouchi et al. (2021), who mentioned that the initial pHs 5 and
6 exhibited the high production level of amylase by A. niger. Other earlier reports indicated
that the acidic pH was the optimal for amylases activity from A. niger (Mitidieri et al.
2006). A. oryzae exhibited maximum amylase activity at pH 6 (Balakrishnan et al. 2021).
Almuhayawi et al. (2023) found that amylase activity of Rhizopus stolonifera increased
with increasing pH value but the maximum activity was between 4 and 6.
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Fig. 10. Amylase activity of A. niger at different pH on three mediums: starch yeast (SY), white
four (WF), and black flour (BF)
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Fig. 11. Amylase activity of A. fumigatus at different pH on three mediums: starch yeast (SY),
white four (WF), and black flour (BF)
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Fig. 12. Amylase activity of P. chrysogenum at different pH on three mediums: starch yeast (SY),
white four (WF), and black flour (BF)
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CONCLUSIONS

1. The obtained findings indicated that white bread was a good reservoir and encouraged
the growth and development of several spoiled fungi, compared to black bread.

2. The high frequency of the occurred fungi was associated with Aspergillus fumigatus
followed by A. niger, R. stolonifer, Mucor sp., A. terreus, P. chrysogenum, P.
expansum, A. alternate, and M. sitophila in white bread

3. A.niger represented the highest potential contrasting to Monilia sitophila for a-amylase
activity using SY medium, while great a-amylase activity was associated A. fumigatus,
compared to A. niger, A. terreus and P. expansum using WF

4. As the optimum incubation period increased, a-amylase increased but depended on the
substrate used (At ninth day using SY, while at twelfth day using WF and BF).

5. However 30 °C was the optimum temperature for a-amylase activity, but high
temperatures (40 and 50 °C) induced the a-amylase activity compared to low
temperature (20 °C) using A. fumigatus
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