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ABSTRACT
The study was designed to characterize cereal, and halophytic starches, the effect of a fungal amylase on these starches,
and their utilization as a source for amylase production. The cereal and halophytic starches were extracted and
characterized on the basis of their hydration capacity, moisture content and pH. They were then subjected to
fermentation by the fungal strain A. tubingensis SY 1. Maximum amylase yields (4.3 IU/ml, 72 hr.) under submerged
fermentation (SmF) were obtained by the utilization of potato peels followed by barley bran (3.1 IU/ml, 80 hr.). In
solid-state fermentation (SSF), maximum amylase production was observed using potato peels (17.8 IU/ml, 120 hr.)
and wheat bran (10.7 IU/ml, 120 hr.). A wide range of substrate specificity was observed with the A. tubingensis SY 1
amylase, i.e., the ability to hydrolyze α-1,6 along with the α-1,4 glycosidic bonds. Strong amylase adsorption was
observed in barley-bran, wheat-bran, and Phragmites karka stem among all the natural plant substrates used. For the
scanning electron microscopy, substrates were hydrolyzed by Aspergillus tubingensis SY 1 amylase for 24 h which
indicated that the enzyme is substrate-specific in action. Aspergillus tubingensis SY 1 produced substantial amounts of
amylase under both solid-state (SSF) and submerged (SmF) fermentation conditions by consuming natural carbon
sources, mainly barley-bran, wheat-bran, potato-peels, and the halophytes Phragmites karka and Typha domingensis.
Potato peels, wheat bran and halophytes, Typha domingensis and Phargmites karka can prove prospective substrates
for enzymatic production of amylases. Thus far, no study has shown the possible production of amylase from these
halophytic plants, making them cheap and novel substrates for amylase production.

Keywords: Aspergillus, Starch, halophytes, amylase
Abbreviations: Submerged fermentation (SmF), solid-state fermentation (SSF), barley-bran (BB), rice-flour (RF),
wheat-bran (WB), potato-peels (PP), maize-flour (MF), Typha domingensis shoot (TS), Phragmites karka leaves
(PK.L), Phragmites karka stem (PK.S),3,5-Dinitrosalicylic acid (DNS), Sabouraud’s dextrose agar (SDA).
INTRODUCTION
Starch is the principal carbohydrate store in green plants and makes up to seventy percent of the fresh plant
material. It is the second most ample carbohydrate on earth, a vital constituent of the human diet extracted from
plant roots, tubers, and seeds (Yazid et al., 2018; Santana and Meireles, 2014). The shape, nature, and size of starch
granules are distinctive of the individual plant with a size ranging from 0.1 to 200 μm in diameter with the granules
being angular, spherical, oval, ellipsoidal, or lenticular in shape (Alcázar-Alay and Meireles, 2015; Singh et al.,
2003, Hoover 2001; Buléon et al., 1998).
Starch is used in different industrial processes ranging from food to textile, paper, oil, and pharmaceutical
industries that result in scores of starchy wastes. Typically, starchy food wastes like potato-peels, wheat-bran,
barley-bran, are present in mammoth amounts worldwide and are discarded without appropriate usage. These
nutrient-rich wastes have considerable potential in industries such as in enzyme, bioethanol, biogas (methane), and
biohydrogen production (Delabona et al., 2013; Parawira et al., 2005; Pandey et al., 2000).
Nature has provided microbes, plants, and animals with enzyme amylases to degrade starch into simple sugars.
Factors affecting enzymatic starch degradation include starch source, percentage of amylopectin and amylose,
granule size, polymorphic type, crystallinity, hydrolysis conditions, and the type of amylase (Tester et al., 2006; Li
et al., 2004; Hoover and Zhou 2003; Oates 1997). Starches with a porous surface and lower pore diameter are
degraded easily compared to those with a smooth surface and higher pore diameter (Yonemoto et al., 2007; Tester et
al., 2006; Franco and Ciacco, 1992; Franco et al., 1988). In recent years, extensive studies were carried out on the
action of amylases on the starchy substrates, yet it still deserves attention.
A lucrative amylase production process is currently as significant as in the nineteenth century when the first
amylase was identified. An opposite fermentation method, selecting the relevant substrate, and adjusting the
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chemical and parameters result in higher amylase yield. Two fermentation methods, namely, submerged (SmF) and
solid-state (SSF), are employed for industrial enzyme synthesis owing to their significance. SmF is distinguished
due to the simplicity of medium sterilization, synthesis of secondary metabolites, and end product purification.
Oppositely, SSF systems are like the natural habitat of microorganisms (De Souza and Magalhães, 2010). SSF
requires less capital investment, it has a lower energy requirement, provides superior product recovery, and there is
no foam development (Tanyildizi et al., 2007; Couto and Sanromán, 2006).
Along with the cultivation of plants for their utilization as food and feed in Pakistan, agricultural waste is also
generated in large quantities. This waste can be used as substrate for microbial enzyme production which in turn can
hydrolyze the waste generated. The common plant wastes are barley bran, wheat bran, potato peels etc. They are
rich in carbon, minerals and nitrogen. Apart from the conventional plant waste as a source of enzyme production and
substrate hydrolysis, a number of halophytic plants could be tested to overcome the problem of food vs. fuel
conflict. In Pakistan large portion of irrigated area is threatened with the problems of salinity and water logging. A
beneficial and inexpensive way is to exploit these salt affected soils by using salt tolerant species as well for
enzymatic hydrolysis (Khan and Qaiser, 2006).
The purpose of this work was to assess the physicochemical characteristics of natural starches, to investigate the
susceptibility of diverse tuber and root starches to fungal amylase action, and to screen natural substrates
(agricultural byproducts) for amylase production from Aspergillus tubingensis SY 1 both under SSF and SmF
conditions.
MATERIALS AND METHODS
Natural plant substrates
The natural plant substrates used were barley-bran (BB), rice-flour (RF), wheat-bran (WB), potato-peels (PP),
maize-flour (MF), Typha domingensis shoot (TS) and leaves and stem of Phragmites karka (PK.L) and (PK.S). The
substrates were dried, powdered, passed through a sieve (100 mesh size) and dried (80 oC).
Starch extraction from natural substrates
Plant tissues (0.5 g) were transferred to 5mL of ethanol (80%), incubated for 3 min at 100 oC and centrifuged
(x3000g, 10 min) to collect the pellet. Extraction with ethanol was repeated two times with pellet, by discarding
supernatants. From the final pellet, ethanol was evaporated with the addition of 5 mL of distilled water. The
homogenate (500 µL) was transferred to micro-centrifuge tubes, sealed and gelatinized for 10 min, at 100oC (Chow
and Landhausser, 2004).
Determination of starch content
Isolated starch from natural substrates (25 µL) was mixed with an equal volume of Na-acetate buffer (50 mM,
pH 5.6) followed by adding 1 M Acetic acid (50 µL). Distilled water was used to make up the volume to 2.35 mL,
and A660 was noted after the addition of 50 µL of the iodine reagent (1% I-:10% KI-: H20; 1:1:3). A blank was made
by substituting the natural plant substrate with distilled water. The starch contents were calculated with a standard
starch curve.
Characterization of natural plant substrates
The hydration capacity, moisture content, and pH of the natural plant substrates were determined (Olayemi et
al., 2008) as follows:
a) One gram of the starches was mucilaged with distilled water (100 mL) and pH determined.
b) One gram of the extracted starch was weighed, oven-dried (105oC, 1h), weighed, and percentage weight
loss on drying was calculated as:
Final weight / initial weight × 100
c) One gram of the starch powder (Z) was mixed in 10mL distilled water for 2h. Following mixing, left to
stand for half an hour and centrifuged (10 min. at x 3000g). The supernatant was discarded, the powder was
weighed (after water uptake - Y), and the hydration capacity calculated as;
Y/Z
Inoculum preparation
Aspergillus tubingensis SY 1 (KX243270) spores were transferred from Sabouraud’s dextrose agar (SDA)
plates to sterile saline to get a spore suspension (~2 x 10 4 spores/ml). For each experiment, a 500 µl aliquot was
used.
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Shake-flask (SmF) and solid-state fermentation (SSF) experiments
In shake-flask experiments, the natural substrates or soluble starch were added to the amylase production media
[g/100 mL - KCl (0.05); NH4NO3 (0.3); KH2PO4 (0.1); FeSO4.7H2O (0.001); peptone (1.0); MgSO4.7H2O (0.05)] at
1% and 0.5% (w/v) concentration, respectively. The fermentation experiments were carried out in a shakobator (150
rpm) at 30oC for five days. The fermentation contents were centrifuged (x6000 g, 4oC, 20 min) and CFCS (cell free
culture supernatant) was quantified for amylase.
Along with the SmF experiments, SSF was also carried out. The plant substrates (2 g) were hydrated with
amylase production medium to achieve a moisture content of 83% and incubated for 10 days (240 h) at 30 oC. The
enzymes were harvested at 28oC using Na-acetate buffer (8.8 mL, pH 5.9, 50 mM) for 30 min. at 150 rpm in a
shaker. The flask contents were filtered by Whattman filter paper No.1 and then centrifuged (4 oC, x6000 g, 20 min,).
The filtrates obtained were used to quantify amylase.
Amylase assay
Soluble starch (0.5% w/v in 50mM Na-acetate buffer, pH 5.6, 25 μL) was mixed with CFCS (25 µL) and
incubated (60oC, 30 min). The reaction was halted by adding 1% DNS (150 µL) and boiling for five min. The
reaction mixture was cooled on ice for 5 min and A500 recorded after the addition of 0.720 mL of distilled water. A
reaction blank was prepared by the addition of 1% DNS before enzyme addition (Miller 1959).
One unit of amylase activity is the micromoles of reducing sugar produced by 1 mL of amylase in 1 min. The
amount of reducing sugar was calculated using a standard curve of glucose.
Substrate specificity of amylase
The substrate specificity of the enzyme was calculated by replacing starch with sucrose, maltose, raffinose,
dextrin, lactose, barley-bran (BB), wheat-bran (WB), rice-flour (RF), maize-flour (MF), Typha domingensis (shoot)
and Phragmites karka [leaf (PK.L) and stem (PK.S)]. Substrate solutions (0.5%) were made in Na-acetate buffer (50
mM, pH 5.6) and CFCS was obtained by growing the fungal strain in enzyme production medium with 0.5% starch.
Amylase adsorption on natural plant substrates
Two ml Cell-free culture supernatant and 0.1 g of soluble starch or natural plant substrates (washed with
distilled water and then equilibrated in 50mM Na-acetate buffer, pH 5.6) were mixed for 20 min at 4 oC. After
centrifugation (10 min, x3000 g), amylase activity in the supernatant was quantified. The adsorption rate (AR) was
calculated as:
AR (%) = [(U-R) / U] ×100
Where:
R - Residual amylase activity in supernatant
U - Untreated enzyme solution (crude extract)
Scanning electron microscopy (SEM) of the soluble starch and natural plant substrates
To check the effects of A. tubingensis SY 1 amylase on the substrates, SEM was carried out. CFCS (4 mL) and
the substrates (0.5 g; washed with distilled water and then equilibrated with 50 mM Na-acetate buffer (pH 5.6) were
mixed and kept at 60oC for varying time intervals. The reaction was halted by adding 1 M NaOH and kept unshaken
for 15 min. Amylase activity was tested in the supernatant after centrifugation (x2500 g, 10 min.). The pH was
lowered back to 5.6 with 1 N HCl, and amylase activity was assessed after centrifugation (x2500 g, 10 min) in the
supernatant to confirm the reaction stoppage.
Samples were then washed with distilled water thrice to remove the remaining enzyme. The substrates were
subjected to dehydration by ethanol, tetra-butanol was added and freeze-dried. The dry powders were observed
under SEM using the JSM-6380A JEOL microscope (Tokyo, Japan).
RESULTS AND DISCUSSION
The agro-industrial wastes have substituted the pure and costly raw materials to produce value-added products,
for example organic acids, enzymes, ethanol, etc. (Pandey et al., 2000) worldwide. Pakistan being an agricultural
country, has still not followed the modifications in agriculture trends, and a lot of agriculture waste is burnt by the
farmers leading to air pollution. These diverse natural plant substrates can be used to highlight their potential for
amylase production and their subsequent hydrolysis.
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Characterization of natural plant substrates
Natural plant substrates' characterization implies that moisture contents of maize-flour, potato-peels, Typha
domingensis shoot, and Phragmites karka stem were high (Table 1). The larger grain size suggests bigger pores to
trap water might cause more significant moisture content. Increased moisture content also represents strong binding
of starch granules (Karathanos and Saravacos, 1993). Similarly, the hydration capacity of Typha domingensis shoot
and Phragmites karka stem is significantly high and can absorb twice more water than their weight (Table 1). The
substrates Phragmites karka (leaf and stem), rice-flour and barley-bran had slightly acidic pH, while other
substrates' pH was near neutral (Table 1). This signifies that if the substrates are dispersed in a liquid medium, an
acidic or alkaline medium will not result. If the pH balance is not maintained i.e. it is more alkaline or acidic, fungal
cells will not be able to multiply and make enzymes.

Enzyme activity (%)

150
100
50
0

Substrates
Fig. 1. Substrate specificity of amylolytic enzymes produced by A. tubingensis SY 1. For determining the enzyme activity %,
soluble starch activity was taken as 100%. WB (wheat-bran), BB (barley-bran), MF (maize-flour), RF (rice-flour), PP (potatopeels), PK.S (Phragmites karka stem), PK.L (Phragmites karka leaf) and TS (Typha domingensis shoot).
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Fig. 2. Adsorption of amylases on natural substrates produced by A. tubingensis SY 1. Adsorption rate (%) was determined by
taking the enzyme activity before adsorption as 100% (100% of the enzyme activity = 4.207 IU/ml). WB (wheat-bran), BB
(barley-bran), MF (maize-flour), RF (rice-flour), PP (potato-peels), PK.S (Phragmites karka stem), PK.L (Phragmites karka leaf)
and TS (Typha domingensis shoot).
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Fig. 3. Scanning electron micrographs of the effect of amylase from A. tubingensis SY 1 (a) 0 min., (b) 10 min., (c) 20 min., (d)
30 min., (e): 24 h on commercial starch.
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Fig. 4. Scanning electron micrographs of the effect of amylase from A. tubingensis SY 1 on wheat-bran (a) 0 min., (b) 30 min., (c) 24 h; barley-bran (d) 0 min., (e)
30 min., (f) 24 h; maize-flour (g) 0 min., (h) 30 min., (i) 24 h; rice-flour (j) 0 min., (k) 30 min., (l) 24 h; potato-peels (m) 0 min., (n) 30 min., (o) 24 h; Phragmites
karka stem (p) 0 min., (q) 30 min., (r) 24 h; Phragmites karka leaf (s) 0 min., (t) 30 min., (u) 24 h; Typha domingensis shoot (v) 0 min., (w) 30 min., (x) 24 h.
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Fig. 5. Amylase production by A. tubingensis SY 1 using different natural WB (wheat-bran), BB (barley-bran), MF (maizeflour), RF (rice-flour), PP (potato-peels), PK.S (Phragmites karka stem), PK.L (Phragmites karka leaf) and TS (Typha
domingensis shoot) substrates under (A) SmF and (B) SSF conditions.

Table 1. Physico-chemical properties of the natural substrates.
Substrates

Hydration
capacity

Moisture
content (%)

pH

Starch
(%)

Wheat-bran
Barley-bran
Maize-flour
Rice-flour
Potato-peels
Phragmites karka stem
Phragmites karka leaf
Typha domingensis shoot

1.17
1.27
1.31
1.13
1.31
1.63
1.42
1.58

92
92
94
89
94
94
93
94

6.2
5.5
6.3
5.9
5.8
5.2
5.7
6.8

0.335
0.08
0.54
0.47
0.456
0.015
0.01
0.01
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Table 2. Volumetric enzyme production (Qp) and specific productivity (Yp/s) from A. tubingensis SY 1 by SmF and
SSF of natural substrates.
SmF

SSF

Substrate

Qp
IU/L/hr.

Qp
IU/L/hr.

Yp/s
IU/mg

Yp/s
IU/mg

Wheat-bran

27.26

217.05

0.49

1.34

Barley-bran

64.63

7.95

0.01

3.76

Maize-flour

26.64

37.90

0.08

2.13

Rice-flour

24.99

39.79

0.08

1.77

Potato-peels

89.93

181.92

0.38

5.48

Phragmites karka stem

1.67

16.01

0.10

0.10

Phragmites karka leaf

3.44

17.22

0.08

0.23

Typha domingensis shoot

0.47

38.64

0.18

0.02

Substrate specificity of amylase
The A. tubingensis SY 1 amylase had a wide-ranging substrate specificity, displaying the ability to hydrolyze α1,6 and α-1,4 glycosidic linkages, and it varies with the botanical origin. The hydrolysis of branched alpha glucans
such as dextrin, starch, wheat, barley, and rice; were more effective than of sucrose, raffinose, maltose, and lactose
(Fig. 1). The cereal starches such as rice and corn are A-type, while potato starch is B-type. The longer double
helices and strengthened hydrogen bonds with superior crystalline structures are salient features of B-type starches,
thus are less susceptible to amylolysis than A-type starches. Therefore, the hydrolysis rate is affected by the
substrate structure, molecular size, and the type of bond (Strąk-Graczyk et al., 2019; Okolo et al., 2000; Forgarty
and Kelly, 1990).
Enzyme adsorption on pure and natural substrates
For hydrolysis to progress, enzyme adsorption is a prerequisite. The results indicated that the amylase strongly
adsorbed to Phragmites karka stem (66.83%), barley-bran (65.88%), and wheat bran (63.24%), respectively. It was
moderately adsorbed to rice- and maize-flours and weakly adsorbed to Phragmites karka leaf (PK.L) [Fig. 2]. Apart
from the typical natural substrates, a high adsorption rate in Phragmites karka stem indicates that this plant can be
utilized in the saccharification process.
Topographic changes in pure and natural substrates by A. tubingensis SY 1 amylase
Amylase is substrate-specific in action; therefore, it hydrolyzes different substrates differently because of the
substrates' structural uniqueness (Strąk-Graczyk and Balcerek, 2020; Das and Kayastha; 2018; Chen et al., 2011;
Dhital et al., 2010). A study by Fannon et al. (1992) identified that starchy granules might comprise passages and
openings for reagents, enzymes, or water. Scanning electron micrograph showed that the facades of unhydrolyzed
starch granules were smooth without scratches, whereas hydrolyzed starches had cracks. After hydrolysis of wheatbran by the amylase, it was observed that granules were damaged on their exterior, signifying exo-corrosion. The
hydrolysis of other substrates by the amylase indicated pores, i.e., endo-corrosion. Due to endo-corrosion, pores are
produced through which enzymes can penetrate (Oates, 1997). The pores were not even for all substrates; some
substrates were noticeably more susceptible to amylase due to individual substrates' structural and chemical
characteristics. With time, the number of cracks or holes increased and became deep and wide (Fig. 3 and 4).
Fermentation experiments with natural plant substrates
Amylase production kinetics was studied under SSF and SmF using the natural substrates. Depending upon the
substrate used, amylase production was initiated at different time-intervals. Under SmF, amylase production started
at 56 h with Phargmites karka (stem), while it initiated at 24 h using wheat-bran. Maximum amylase yields (4.3
IU/mL, 72 h.) under SmF were obtained by the utilization of potato peels which was tailed by barley bran (3.1
IU/mL, 80 h), maize flour (2.8 IU/mL, 128 h), wheat bran (2.0 IU/mL, 96 h) and rice flour (1.3 IU/mL, 80 h) [Fig. 5
(a)]. In SSF experiments for A. tubingensis SY 1, the superlative substrate for maximum amylase activity was potato
peels (17.8 IU/mL, 120 h) trailed by wheat bran (10.7 IU/mL, 120 h) [Fig. 5 (b)].
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The prospective of wheat-bran for amylase production by fungi is well established because of the penetrability
and texture which aid mycelial dispersion (Bhargav et al., 2008; Pandey, 2003; Madruga and Camara, 2000). The
present study proposes potato-peels as a potential alternative for wheat-bran. Utilization of potato-peel wastes to
support hydrolytic enzyme production and microbial growth has also been determined by Parawira et al. in 2005.
Potato-peels contain 66.8% starch and are superior to wheat-bran in certain mineral contents, water-holding
capacity, and total dietary fiber (Al-Weshahy and Rao, 2012; Toma et al., 1979).
In conjunction with the conventional plants as a starch source, halophytic plants should be explored to
overcome the food vs. fuel conflict. These halophytes can be grown on barren land (waterlogged and saline);
consequently the productive land for food can be conserved. Studies indicate these high salt-tolerant crops' potential
as a realistic choice for developing saline-soils and conserving freshwater (Yensen, 2006; Khan and Qaiser, 2006).
Thus, two halophytic plants Typha domingensis and Phargmites karka were used as substrates for amylase
production. These halophytes were observed as good inducers of amylase under SSF conditions. SSF of PK.L and
TS yielded more than 2.7 IU/mL amylase by A. tubingensis SY 1. Both halophytes, Typha domingensis and
Phargmites karka can prove prospective substrates for enzymatic production of xylanases, pectinases,
endoglucanases etc. Thus far, no study has shown the possible production of amylase from these halophytic plants,
making them cheap and novel substrates for amylase production.
Amylase production was also assessed in terms of specific productivity (Y p/s) and volumetric enzyme
production (Qp) under SSF and SmF conditions. A similar pattern was observed in both SSF and SmF, i.e.,
maximum Qp was detected when wheat-bran and potato-peels were used as substrates (Table 2).
Conclusions
It was concluded from this study that
1. A. tubingensis SY 1 has an excellent potential to produce substantial amounts of amylase by using natural
carbon sources, mainly barley-bran, wheat-bran, potato-peels, and the halophytes Typha domingensis and
Phragmites karka.
2. Amylase titres were high in SSF with maximum volumetric enzyme production (Qp) in potato-peels (SSF
and SmF).
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